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Foreword
The first WMO Bulletin interview was published in January 1981.
Ever since that time, each issue has contained an interview with an
eminent meteorologist, hydrologist, oceanographer or climatologist,
conducted by Dr Hessam Taba, a former staff member of the WMO
Secretariat. These interviews are highly popular and have generated
many favourable comments.
The decision of the World Meteorological Congress to have the
interviews compiled in one volume was perhaps the greatest encouragement. The first volume, containing 32 interviews, appeared in
1988. The present volume contains the 33 interviews which were
published in the WMO Bulletin between January 1989 and January
1997.
I wish to take this opportunity to express my personal gratitude to
all the interviewees who so willingly agreed to participate in this venture. I also owe a vote of thanks to the readers of the WMO Bulletin
for their considerable enthusiasm and encouragement. Last, but not
least, I wish to thank Dr Taba for his unrelenting efforts in arranging
and carrying out these interviews.

~-=---

-------

(G. 0. P. Obasi)
Secretary-General

Prologue
By H.

TABA

The 32 interviews which appeared in the various issues of the WMO Bulletin between 1981 and 1988
were compiled in one volume and published by the WMO Secretariat in 1988 (WMO-No. 708), in
response to a decision of the World Meteorological Congress. Since then, further interviews have
been conducted with eminent personalities in meteorology, hydrology, oceanography and climatology,
which have been published in successive issues of the Bulletin without interruption.

Dr Hessam Taba

When I started this task, I was still a staff member of the WMO Secretariat and Editor of the
WMO Bulletin. I retired in July 1984 but the Secretary-General, Prof. G. 0. P. Obasi, suggested that
I should remain in touch with the Organization through conducting further interviews; a request which
I accepted with pleasure as I had more time to devote to that activity.
Many people suggested that someone should interview me in order to reveal my own life. After
some hesitation, I decided that it would perhaps be a good idea to prepare an autobiographical sketch
of my own life as a "prologue" to the first volume. For the benefit of those readers who do not know
me personally or do not have access to that book, the current Editor of the WMO Bulletin kindly agreed
that that "prologue" should also be reproduced to conclude the present volume.
After publication of the first volume, numerous encouraging and complimentary remarks were
received from readers, either orally or in writing. I regret that I did not keep a systematic record or a
well-organized file of those remarks, some of which were extremely enlightening. Most readers stated
that the volume proved fascinating reading, not only because it constituted an unprecedented historical
record but also because it provided insight into the personal life and thinking of the pioneers in the
field. Some people told me they had been re-reading some of the interviews in the book and found
them even better the second time around. A few interviews were reproduced in national and international publications, including newspapers. One reader even suggested that every person entering
meteorology should read the book carefully and went as far as recommending it to all universities in
his country with curricula in atmospheric sciences for use as a regular textbook. The remark I value
most was made in June 1996 by Dr Robe1t M. White, whom I had not seen for many years. He asked
me when the second book was coming out, adding that the interviews contained a valuable history of
meteorology, related by the people who made the history. One reader was delighted with Sir Arthur
Davies's interview: it was, he said pure, unadulterated Sir Arthur; his personality came through just as
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he remembered and that, he thought, was the secret of its success. A letter from the University of Wisconsin, USA, said that the interview with Prof. Vemer Suomi provided the best overall summary of his
career. A close friend of Hemy Stommel wrote and said that he had known Stommel for 40 years and
that the interview contained information he had never known before. Rolando Garcfa wrote to say he
had received messages and remarks from friends and colleagues from whom he had had no news for
decades. Gordon Cartwright's interview generated a deluge of favourable remarks: Gordon is, after all,
a popular international figure and deserves the title "doyen of meteorologists". Some readers believed
that such interviews should be conducted in all fields of science; some even considered that my own
autobiographical sketch was an important contribution to the volume.
Perhaps the most fascinating part of my work was the hours, sometime days, I spent with my
interviewees, either alone or with their families. They all had utter confidence in me and revealed their
life without difficulty or restraint-we have always shown the edited version of the interview to the
interviewees for their approval before going to press! It happened quite often during an interview that
the person concerned was so moved emotionally that he started crying and, to keep him company,
I shed tears myself. To reminisce about their past was apparently not always an easy exercise. I recall
vividly my interview with Vemer Suomi: he was full of life and enthusiasm about his work. He had
undergone some heart surgery but was confident that he would live beyond the year 2000. I promised
to call him on the eve of the year 2000, if I was still alive myself, and was particularly sad when
I learned of his death in 1995. Each interview has been a unique and unforgettable experience, with the
feeling that a strong bond had been established between the interviewee and myself.
If there has been any success in conducting these interviews, I do not wish to give the impression
that the credit is due only to me-far from it. I am most grateful to those who have helped me in this
task, either morally or practically. To begin with, I am indebted to Prof. G. 0. P. Obasi, who has constantly demonstrated the utmost interest in this undertaking. Without his encouragement, I would not
have had the enthusiasm to continue. He read all my interviews and occasionally made constructive
comments. I also wish to express my sincere gratitude to the staff of the WMO Bulletin, who do an
excellent job.

During the period in question (1989-1996), the Secretary-General gave me two other assignments.
The first one was the preparation of a volume containing interviews with six Heads of State on the
theme of World Meteorological Day 1991, which was "The atmosphere of the living planet Earth". The
volume entitled Climate Change: World Leaders' Viewpoints was published and distributed in 1991
(WMO-No. 748). My second assignment consisted of conducting interviews with 16 Heads of State as
a WMO contribution to further the understanding and purposes of the United Nations Conference on
Environment and Development ((UNCED), Rio de Janeiro, 3-14 June 1992) and Climate Change,
Environment and Development: World Leaders' Viewpoints (WMO-No. 772) was ready in time for distribution at the opening of the Conference. That was an onerous task but my efforts were well rewarded
by the reaction of the Secretary-General and readers. It was a particular satisfaction to learn that some
of the Heads of State whom I had interviewed, and who attended UNCED, signed copies of the book
and gave them to each other as a souvenir. From all points of view, WMO made a big mark during that
meeting.
Once again, I wish to put on record my sincere gratitude to all the interviewees, who so willingly
participated in this series. Their words, together with the photographs they kindly provided, combined
to make the interviews in the WMO Bulletin an illustrated record of great historical interest and value.

VIII

Professor E. A. Bernard
With an area of 30 515 km 2 and a population of more than 10 million, Belgium is
one of the smallest and most densely populated countries of Europe. It is largely
composed of a low-lying coastal plain, but this rises gradually to the hills and forests of
the Ardenne plateau in the south-east which reaches a maximum altitude of 694 m at
Botrange. Belgium has a temperate climate influenced predominantly by Atlantic air
masses; the mean temperature is around 10°C, ranging from 2.2°C in January to 17SC
in July. Annual rainfall averages between 700 and 1400 mm.
Belgium derives its name from the Belgae, the group of Celtic tribes that occupied
the area when it was conquered by the Romans in the first century BC. In medieval times
Belgium comprised a number of counties and duchies plus the diocese of Liege;

Professor E. A. Bernard

important commercial cities such as Antwerp (Anvers), Brugge (Bruges) and Gent
(Ghent) were themselves virtually independent. The nation as it is known today was born
when the area occupied by the Belgians (Roman Catholics) seceded from the Netherlands
(Protestants) following a revolt by the former in 1830. It comprises three linguistic
communities: the Flemings in the north, whose language is akin to Dutch, constitute
some 60 per cent of the population; the French-speaking Walloons mostly in the west
and south; and a small German-speaking community (less than one per cent of the
population) in the east of the province of Liege. Flemish and French are the official
national languages.
With the industrial revolution, its coalfields became Belgium's principal resource,
although mining has diminished considerably in recent years. Numerous heavy
industries sprang up, and in fact Belgium is one of the most industrialized nations of
Europe, agriculture accounting for a mere five per cent of the gross national product.
With the Netherlands and Luxembourg, Belgium formed the Benelux customs union in
1948, and these three countries were among the six founder members of the European
Economic Community that came into being on 1 January 1958.
The history of the Royal Meteorological Institute of Belgium dates back to 1823
when Adolphe Quetelet, a young mathematician and member of the Brussels Academy
of Sciences, proposed the creation of an observatory for scientific research in astronomy
and meteorology. This was agreed to, and after the revolution Quetelet was appointed
director. However, it was only from 1 January 1833 that full meteorological observations
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could be made. Quetelet was the author of a study on the climate of Belgium which was
well received and served as a model for other countries. He recognized the value of
looking at weather observations synoptically and was an ardent promoter of
international collaboration in meteorology. In 1853 when the maritime nations decided
to hold the first international meteorological conference, he was invited to arrange it in
Brussels and to preside over it.
Queteletfell ill in 1855, and without his vigorous involvement work in meteorology
came more or less to a standstill in Belgium. It was only in 1876 under the direction of
Jean-Charles Houzeau that rapid progress was resumed in terrestrial magnetism,
weather forecasting and climatology. Houzeau managed to persuade the government to
move the observatory from its site in the centre of Brussels to Uccle on the southern
outskirts of the city. Finally, in 1913 King Albert I signed a decree splitting the
observatory into two distinct establishments: the Royal Observatory and the Royal
Meteorological Institute (IRM).
Much more could be written about the individuals who pioneered meteorological
sciences in Belgium such as Franr;ois Van Rijsselberghe, Jean Vincent, Jules Jaumotte
and, of course, Jacques Van Mieghem, Director of the IRM from 1962 to 1970, who will
still be remembered with respect and affection by many readers of this journal. However,
it is time to turn to the interview.
Etienne Albert Bernard was born in 1917 in the coalmining area between the
metropolis and the Ardennes. He developed an early interest in palaeontology, and
especially palaeoclimatology, although when the time came to decide upon university
studies he chose mathematics and physics and took a four-year course at the University
of Louvain. In 1941 he applied for a post as climatologist at the Institute for Research in
Agronomy in what was then the Belgian Congo, was accepted, and went for preparatory
training at an institute of agronomy near his home town and at the Institut royal
meteorologique de Belgique (IRM) at Uccle where he made the acquaintance of
Professor Jacques Van Mieghem.
As soon as the war in Europe was over, Bernard took ship to Kinshasa, and
continued another 1500 km up the River Congo to Yangambi, the site of the Institut
national pour !'etude agronomique du Congo (INEAC). He worked there for 15 years,
making a name for himself and in 1947 participating as an expert in the last sessions of
IMO's Regional Commission No. I (Africa) and Commission for Agricultural
Meteorology. When Zaire gained its independence in 1960 Professor Bernard returned
home to Belgium, and in 1963 went on his first mission as a WMO expert- a two-year
assignment in Morocco. This was followed by two years at Dakar for the United Nations
Development Programme and five years at UNDP headquarters in New York as special
adviser with responsibility mainly for UNDP!WMO projects. Professor Bernard spent
the last ten years prior to his retirement mostly at the IRM, but still readily collaborated
in technical co-operation projects in Africa.
Dr H. Taba conducted the following interview in Professor Bernard's home in
Brussels on 23 March 1988. We are extremely grateful to Professor Bernardfor agreeing
to participate in the series.
H. T. - Professor Bernard, it was through your function as the liaison between UNDP
and WMO that I first came to know you. I hope the present interview will bring out the
main aspects of your varied career and that you will give readers the benefit of your
extensive experience.

E.A.B. - I am happy to welcome you to my study here in Brussels, surrounded by my
books and my files. An intellectual hoarder by nature, I have long been filing away
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ideas and texts pertammg to the wide range of topics of interest to me in my
professional life. This was complicated by circumstances we shall no doubt come to
later on. I suggest that we take things in chronological order. In this way your readers
should obtain a better idea of the evolution of my ideas regarding the scientific and
institutional development of meteorology. I shall begin by tracing my activities in
climatology as applied to tropical agronomic research from 1945 to 1962, during which
period I also gave instruction in meteorology and climatology at the Catholic
University of Louvain during my regular visits to Belgium; then the period with
UNDP and WMO from 1962 to 1972 when I was mostly concerned with the
application of meteorology to development; and finally the ten years from 1972
to 1982 when I was back at the Institut royal meteorologique at Uccle. That would give
me the chance to speak of the approach I have always followed in meteorology and
climatology, leaving aside the agricultural aspects that had been a primary requirement
in my earlier career. I think it would be useful if I were to impart some of the
conclusions I have reached after almost 50 years of work in various fields of
meteorology - what I believe to be desirable for its future institutional and scientific
development.

The complex of scientific institutes at U ccle, Brussels, symbolizes the affinity between the
disciplines of astronomy, geophysics and meteorology. The Royal Meteorological Institute
buildings are in the upper part of the picture, those of the Royal Observatory are at the centre and
left. The Spatial Aeronomy Institute was added in 1972

That is exactly in line with the purpose of the interview. So may I suggest that
you start by telling readers about your formative years ?

H. T. -

E.A.B. -Certainly. I was born in 1917 at Fleurus, a small town in the French-speaking

part of Belgium about 12 km north-east of Charleroi. The French revolutionary army
under J ean-Baptiste J ourdan won a victory there in 1794; incidentally it was the first
battle in which a hot-air balloon was used for military purposes. When I visit Paris I
am always deeply moved to read the name 'Fleurus' on the second medallion on top of
the Arc de Triomphe. I began my secondary education in Fleurus and finished it at the
high school in Charleroi from the age of 15 to 18, sciences being my main subject. We
had a worthy mathematics master who used to terrorize us, inculcating his meticulous
subject matter the hard way; any failure to remember formulae was severely punished.
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It was during this period that the obsession that has been with me throughout my
scientific career first took root - namely to find rational explanations for the
geological climates of the past. The road from Flem·us to Charleroi goes through a
coalmining area and when I talked to neighbours who were miners I was fascinated by
the mystery of the seams of coal lying beneath my feet. I imagined successive tropical
forests being submerged by the sea which, according to my geography master, was the
origin of these layers. My favourite expedition on bicycle was to the cave at Spy, on the
way to Namur. Two complete Neanderthal skeletons had been found there in 1886.
The days I spent at the cave and the books I read about prehistoric times made me
meditate on how the Spy landscape must have looked during the ice ages and speculate
on their cause.

H. T. -

So that was how your interest in palaeoclimatology was aroused

E. A. B. - As a matter of fact, at the beginning of my meteorological training in 1941 I
read Milankovitch's work 1 as well as A. Wegener's book on continental drift. The
former, together with the climatic evidence of the Gondwanaland ice sheet, revealed
an enlightening, simple and natural truth: the cycle of glacial and interglacial phases on
the ice sheet, the regression and advance of the oceans, and the coal seams all had had
an astronomical cause associated with the geometry of the Earth's orbit around the
sun. Furthermore, all the sedimentary cycles evident in the landscape had resulted
from a continual perturbing influence of the planets on the terrestrial climate. To top it
all, the regular modulation of the latter on a scale of 10 000 to I 00 000 years appeared
to be the driving force behind biological evolution. What a magnificent example of
astrology, but scientific astrology because based on Newtonian physics! From that
moment I decided to devote my time to studying Milankovitch's theories in greater
depth and generalizing them for tropical latitudes and for geological time scales. That
was how I found my vocation as palaeoclimatologist, at the centre of the mutually
supporting disciplines of astronomy, geophysics and geology. My university studies
had prepared me for this.
H. T. -

What had led you to your choice of subjects to study at university?

E.A.B. - The mathematics master at Charleroi opened my eyes to the beauty of
geometry, differential calculus and spherical trigonometry, the latter being a magical
discipline codifying in formulae the shape of the Earth and the movement of the
heavenly bodies. However, in order to pay for my studies at university I was obliged to
find employment. My father had died when I was still very young, and my mother
could not afford the fees. Luckily the same schoolmaster found me a job as study
supervisor at the high school in Louvain. This let me do four years' study at the
Catholic University of Louvain for a degree in mathematical sciences, where I was
fortunate to have three eminent and stimulating teachers. The first was Charles
de la Vallee Poussin, a famous mathematician of the great French school at the end of
the last century. His course on analysis and mechanics was perfect in form as well as in
content, and is published in four admirable volumes. The second was
Charles Manneback who had an epistemological mind and immense knowledge; he
imbued in me a love for theoretical, classical and quantum physics and taught me that
physical concepts have a primacy over mathematical ones, and that intuition from
physical determinism is worth more than the mathematics placed at its service. I
always made that a rule in my geophysical, meteorological and climatological studies. I
am very fond of quoting the following affirmation by Arthur Eddington:
Cases could be cited where physicists have been led astray through inattention to
mathematical rigour; but these are rare compared with the mathematicians' adventures
through lack of physical insight.
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The third teacher was Canon Georges Lemaitre, creator of the theory of the expanding
universe and the primitive atom, better known today as the 'big bang' theory. He never
prepared his courses in advance, and they were a festival of creative imagination in
action. From his teachings I acquired a definitive taste for astronomy and celestial
mechanics.
H. T. -

How did these studies lead you to meteorology?

E.A.B. -That came about through pure accident. I completed my studies with a thesis
on the normal vibration modes of the benzine molecule, and then embarked on a
career as secondary school teacher which took me up to May 1940 when Belgium was
occupied by German troops. When I returned home after having been evacuated to the
south of France, I took a supplementary degree in actuarial sciences on the advice of a
teacher who had initiated this new discipline at the University and because of my
tutorial functions in analytical mechanics. I found nothing of interest in these studies
except for a new presentation of the probability theory and a course in political
economy. The latter gave me the basic knowledge that every citizen should have before
reaching voting age. Much later, I was called on by my functions to defend meteorology
in the service of development, and the concomitant instruction proved very useful to
me. I became neither a teacher nor a banker. I became a climatologist and
agronomist.
H. T. - What was the reason for this decisive about-face that determined the rest of your
career?
E.A.B. - It was an opportunity that came at the end of my actuarial studies in
October 1941. I learnt that the Institut national pour !'etude agronomique du Congo
(INEAC) was seeking a young trainee educated in physics and mathematics with the
view to setting up a new division in agricultural climatology at its centre at Yangambi
in the then Belgian Congo as soon as the Second World War was over. I applied and
was hired. My training for this post lasted another four years, involving studies in
botany and tropical agronomy at the State Agronomic Institute at Gembloux and
on-the-job training at the Institut royal meteorologique at Uccle. This was a very
rewarding period for me. I discovered that, alongside the marvels of astronomy and
physics, there also existed the vast and mysterious world of the Earth and life sciences,
together with the possibility of applying the latter to enhance the welfare of the human
race. Facts in these disciplines are described, measured and classified with care, but
their explanation is often disappointing; I had to make a conscious effort to readapt
my mind when studying them. During these four years I regularly met
Jacques Van Mieghem, then a young assistant at the IRM. I attended his first course at
the Free University of Brussels. The IRM's radiation service had just been set up by
Marcel Nicolet, and I learnt the importance of global radiation in climatology and,
above all, the importance of the astronomical climate latitudes.
H. T. -

Hence your interest in the astronomic theory of climates

E.A.B. -Yes, indeed. It was then that I came across Milankovitch's work 1 in the
Handbuch der Klimatologie which I adopted as my textbook. On Van Mieghem's
advice, I chose Physical and Dynamical Meteorology by D. Brunt for my instruction in
meteorology. I had been recruited by the knowledgable and already famous botanist
Jean Lebrun, Secretary-General of the INEAC. He had specialized in the evolution of
vegetation in Africa, and became my mentor in the field of tropical ecology. I am
indebted to him for my African career and the teaching assignment in meteorology and
climatology I had later at the University of Louvain.
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You told me that you were working on research in agronomy in Africa for
15 years, from 1945 to 1960. How did you travel from Belgium to the INEAC Centre?

H. T. -

E.A.B. - I t was by cargo boat with many calls en route so that it took a whole month to
reach Pointe Noire (in those days still in French Equatorial Africa). We sailed from
Antwerp on 1 August 1945, and I remember that I was in London when VJ-day was
celebrated, the end of the Second World War. At Dakar I experienced the shock of my
first contact with black Africa - little did I know that 20 years later I would be
returning there for a two-year tour working with UNDP. Then we called at Bathurst,
Conakry and Freetown. From Pointe Noire I went to Brazzaville and Leopoldville
(now Kinshasa), and from there by paddle steamer up the River Congo to Yangambi

Upper Cretaceous sedimentary rhythms
and intervals (Etretat, France). Such cycles
are common to all the sedimentary rocks
and bear out the astronomical theory of
palreoclimates defended by Professor
Bernard since 1941
Photo: Ed;tions Cap-Theojac- 'La Cigogne', Toulouse

where the INEAC Centre was located, about 100 km short of Stanleyville (now
Kisangani). This slow voyage over a distance of about 1500 km up the river was
marvellous, permitting me to traverse the entire Congolese central basin and its
equatorial forest. The rainy season was at its height and I experienced the ecological
climate of this vast region on which I had just published a monograph 2 marking the
culmination of my training period. In it I had discussed at length, through hydrological
balances, the forest - evaporation - rainfall - radiation interactions. I was not quite
happy about the way I had reached my conclusions, but Penman 3, with his energy
balance method for natural evaporation, and then Thornthwaite, with his potential
evapotranspiration concept, soon threw light on these problems.
H. T. -

What did you do during your stopovers ?

E.A.B. - I never failed to visit the national Meteorological Service in the various
countries we called at, and was left with no illusions: overwhelming priority was then
placed on aeronautical meteorology; climatology was neglected and agricultural
meteorology totally ignored. That is why I began my career resolved to organize a
modern climatological network in Zaire with all the necessary ingredients: professional
observers, good quality instruments, reliable functioning, centralization, and the
publication of a climatological yearbook by an office in Brussels set up for the purpose.
In collaboration with the Meteorological Service in respect of its 80 synoptic stations,
it took five years of obstinacy and patience, rigour and authority, for me to achieve
this. Today I can look back on these efforts with some satisfaction since they have
resulted in the publication of the four large volumes of the Atlas climatique du Bass in
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congolais. Professor F. Bultot was in charge of its preparation which took from 1971
to 1977. At present he is chief of the IRM climatological department, having originally
been appointed to the head office of INEAC in 1947, publishing the climatological
yearbooks from 1950 to 1959.
H. T. -

What were the main directions of your research work at the INEAC?

E.A.B. - Whereas the improvement of agricultural output by genetic means is the
simplest and quickest method, it always needs to be supplemented by ecological
considerations. The latter determine the agricultural techniques (planting density, soil
protection, shade and so forth) that will give optimum microclimatic conditions for
growth and yield. Therefore at first I concentrated on the relationship between
hydration of foliage and its average illumination. I caused the hevea (rubber) trees to
be stripped of their leaves in order to measure the leaf cover per hectare, and
determined the weight of the dry material. I returned to my ideas concerning the
sunlight/hydration relationship after reading a report by Penman 3 from the
Rothamsted agricultural research station in the United Kingdom; and during my next
home leave in June 19 51 I went to visit him. I came back from England full of
enthusiasm for Penman's energy budget method, and I sent Michel Frere to
Rothamsted for a period of training; he was my senior assistant with whom I was to
collaborate throughout the rest of my career. I applied the energy budget concept in my
work on micrometeorology, and the energy budget equation became the second focal
point in my climatological and palaeoclimatological work since it forms a link between
insolation and surface temperature. I published a paper on it in 1956. 4 Thus,
astronomical climate, energy exchange, meteorological processes and the climate at the
surface resulting from these exchanges (as represented by average temperature and
precipitation regimes) are all linked according to a rational and simple deduction from
the general to the particular. Needless to say, if we approach the problem of climate
modelling from the dynamic meteorologist's standpoint with initial conditions and
turbulent variability, everything becomes mixed up and complexity replaces
simplicity. I should like to make a remark arising from my experience when working
with agronomic research groups: it is very difficult to get a fact discovered in one
discipline accepted by scientists working in another. For example, it took me two years
of persuasion, supported by experimental proof, to get physiologists and agronomists
to accept the energy balance method in agricultural ecology. What is considered
self-evident today was much less so 40 years ago.

Palaeoclimatology has always been at the centre of your interests. How were you
able to carry out your work in this field when at the same time you were working in
agronomic research?

H. T. -

E.A.B. - The soils of the Yangambi region consist of a layer of wind-borne sand
30 metres deep overlying a laterite shield. A conference of pedologists and geologists
was arranged for the purpose of explaining these facts; I presented my basic ideas
concerning the pluvial and dry periods during the Quaternary era in Africa, within the
framework of astronomical theory. I had just returned from Nairobi where I attempted
to convince the celebrated anthropologist Louis Leakey of the astronomical origin of
the pluvial stages to which he referred in his work. I remember that I unfolded before
him a sheet on which I had drawn a calculated curve of the evolution of the Earth's
eccentricity in the Quaternary. Later on, at the fourth Pan-African Prehistory Congress
held at Leopoldville in August 1959, I distributed a mimeographed text which became
the work published in 1962 under the title Theorie astronomique des pluviaux et
interpluviaux du Quaternaire africain. 5 All my efforts at persuasion on behalf of
Milankovitch came up against a wall of incomprehension, or were received with polite
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indifference. Once again a case of the refusal to accept proven scientific theory that
emanated from another discipline.
When Zaire gained its independence in 1960 I suppose you returned
to Belgium?

H. T. -

E.A.B. -Yes. In my last years with the INEAC at Yangambi I had been assigned a
heavy administrative workload as director of the Centre. By 1960 the Centre
represented a great concentration of facilities comprising 20 divisions, about
100 research workers and as many technicians, and 5000 ha of experimental
plantations. In the space of 30 years, agronomic research had multiplied the yield per
hectare under normal conditions of exploitation by a factor of between five and ten.
That is why I left Africa with strong faith in the continent's future development,
provided that it were based on a scientific and technological exploitation of the
enormous potential of its climatic resource in light, heat and water. How often I voiced
this conviction in my statements and presentations to distinguished visitors passing
through Yangambi! The last dignitary I received was Patrice Lumumba during his
brief spell as Zaire's first Prime Minister. He had earlier been the INEAC's mail clerk
and now returned in all his glory, together with the members of his cabinet, shortly
before the tragic events of July 1960.
H. T. -

What were your first contacts with meteorology at the international level?

E.A.B. - That was in 194 7 when I attended the final session of IMO's Regional
Commission for Africa held at Salisbury (now Harare), and then the final conference in
Toronto that marked the transition from IMO to WMO. In both places I found myself
in the company of Neree Van der Elst, head of the Meteorological Service at
Leopoldville. During the Second World War he had been a meteorologist with the
British Royal Air Force and knew all the leading figures in meteorology, introducing
me to them in perfect Oxford English that impressed me greatly. On my journeys
between Africa, America and Europe I made sure of visiting the United States Weather
Bureau, the Blue Hill Observatory, the Department of Meteorology at the
Massachusetts Institute of Technology and the French Meteorological Service. But
from then until 1963 I could only keep myself informed of the activities of the
new-born World Meteorological Organization through the WMO Bulletin.
H. T. -

This brings us to your period as WMO technical co-operation expert.

E.A.B.- Between 1961 and 1963, after Zaire became independent, I was involved in
the classification and redeployment of repatriated research workers in Belgian
scientific institutions. Then I had a visit from Michel Frere, who had become a WMO
expert in Haiti, and this made me decide to apply for a post as expert in Morocco. I
was appointed by the Deputy Secretary-General, J.-R. Rivet, with instructions to draw
up a plan for the reorganization of the National Meteorological Service, and this kept
me at Rabat from 1963 to 1965. The experience acquired during this assignment gave
me my fundamental ideas concerning the organization of a Meteorological Service
oriented to national development, ideas embodied in my final report on the project. I
found it was not difficult to adapt my philosophy to all the other cases I have
subsequently had to handle in my work for UNDP.
H. T. -

What made you transfer from WMO to UNDP?

E.A.B. -Again it was pure chance, although influenced by previous contacts. Towards
the end of my stay in Rabat I met Paul-Marc Henry who had become Deputy Director
ofUNDP and was visiting UNDP projects in Morocco. We had known each other for a
long time; he had been the first Secretary-General in London of the African Technical
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Co-operation Committee (ATCC) and its African Scientific Council (ASC) set up after
the war; I had been responsible for meteorology and hydrology on the ASC.
(Incidentally, the first African climatological atlas was prepared and published as an
ATCC-ASC project.) At that time UNDP was planning and financing a system oflarge
projects for integrated development in the valley of the Senegal River. Paul-Marc
Henry put my name forward as technical counsellor to the intergovernmental
committee concerned with this development; the ministers agreed and I was
appointed. That was when I spent the two years at Dakar. At the conclusion of the
contract, Henry called me to the UNDP headquarters in New York to serve as special
adviser mainly responsible for UNDP/WMO projects, a post that I held for
five years.
H. T. -

What did you have to do in that capacity?

It was a period of intense activity consisting of the administration of
projects, visits to Third World countries that had requested support in order to assess
their needs, writing reports and attending a large number of meetings. In particular, I
represented UNDP at sessions of the WMO Executive Committee, regional
associations and technical commissions. Often at these meetings I had the privilege of
sitting beside Michel Frere who was then in Rome in charge of all FAO's undertakings
in agrometeorology. Many WMO activities arose from the Organization's need to

E.A.B. -

Dakar, April !986 - Professor H. Faure,
then president of the ICSU International
Union for Quaternary Research, and
Professor Bernard on the occasion of the
Conference on Global Change in Africa
during the Quaternary

demonstrate the substantial socio-economic impact of meteorology in order to bolster
the WWW. I had continually been refining my doctrine on this theme of meteorology
and development, and it was then that you, Dr Taba, persuaded me to publish it in the
WMO education and training series for which you were responsible. 6 At Sixth
Congress I was also the initiator of a survey carried out by WMO in 1972 on the
comparative costs and structures of Meteorological Services in the developed and
developing countries; the results were published in the WMO Technical Note series. 7
H. T. - You have a long experience of the problems of developing the scientific, organic
and institutional aspects of meteorology in newly independent countries. What
conclusions have you drawn?

The results of the survey I have just mentioned were very disappointing as
far as the developing countries were concerned. I sometimes ask myself whether, after
15 more years of co-operative efforts in meteorology, there has been much really
significant improvement. Permit me to express some scepticism. As scientists, we

E.A.B. -
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always pride ourselves on our objectivity and realism, and that is how we must look at
the situation. The effectiveness of the enormous efforts in co-operation for
development achieved through world-wide solidarity is very slight. The cost/benefit
ratio is highly unsatisfactory. As far as meteorology is concerned, my mind is made up.
I now repeat what I have emphasized in several papers and at several conferences
since 1972: meteorology is a global science demanding expensive advanced
technology, and for countries with a weak economy it presents problems that cannot be
solved through traditional widely-dispersed and ephemeral technical co-operation
projects. If the gaps in the world-wide meteorological system are to be filled, and if the
countries involved are to derive appropriate socio-economic benefits from the system,
we must follow the successful example of co-operation in research in tropical
agronomy. It will be necessary to set up international meteorological and hydrological
centres that will be responsible for large regions, centres which are equipped with
powerful and permanent facilities commensurate with the problems to be solved.

Quito, January 1986- Professor Bernard astride
the Equator on his return from the Galapagos
Islands. Which foot is in the northern
hemisphere?

For the ten years prior to your retirement in 1982 you worked at the IRM in
Brussels. What were your functions there?

H. T. -

E.A.B. - On my return from New York I resumed working in the climatological
division of the IRM. In this new-found atmosphere oftranquility I happily carried out
work in palaeoclimatology and published a synthesis of my ideas about the
astronomical concept of climatic evolution on geological time scales. 8 However,
in 197 4 the Sahel drought precipitated me once more into the turbulent world of
technical co-operation. I led the project to set up the AGRHYMET Programme and
Centre at Niamey, and reviewed these operations in 1982. As adviser to the Permanent
Representative of Belgium with WMO on the administration of Belgian technical
co-operation projects, I helped to design and carry out the programme which included
the creation of a Sahelian data bank and a training course in agrometeorology for
Third World meteorologists at Arlon (WMO Bulletin 34 (3) pp.225-230). All in all,
these activities lasted ten years, well beyond the date of my retirement from the IRM in
June 1982.
H. T. -

What do you do in your spare time nowadays?

E.A.B. - From the start of my career I encountered problems that had not been
satisfactorily resolved. When I considered that the ties between these problems
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justified an effort of rationalization, I put them into a file that ranged from astronomy
to geology, saying to myself: 'Later on, when I have the time, I will seek satisfactory
answers to these problems where a factor hitherto neglected may in fact be pertinent'. I
lost my wife in 197 5 and I have no children, so when I retired I had all the time I
needed to make extensive use of the library and the files you see in this room. I am now
concerned with broad questions such as the general circulation of planetary
atmospheres, a fascinating problem. The existence of jet streams of 500 ms- 1 on
Saturn, a heavenly body which is a flattened sphere lacking any differential solar
heating, makes nonsense of dynamic meteorologists' attempts to explain the general
circulation of the Earth's atmosphere. The correct theory governing the circulation can
only be formulated within the framework of comparative planetology, guided by the
requirements of unity, rigour and simplicity. Using this same approach I am working
on a theory of multiple periodicities and quasi-periodicities that can be observed in the
general circulation of the atmospheres of the Earth and Jupiter. Together with this, I
am studying the various unexplained cycles of solar activity. In point of fact, all these
problems stem from my deductive approach to theoretical climatology and
palaeoclimatology and much remains to be done. So that is currently my main
preoccupation.
H. T. -By way of a final statement, how do you see the future of meteorology?

E.A.B. - From a scientific point of view, meteorology would gain much from being
better integrated in an ensemble of sciences concerned with the solar system and the
history of the Earth. It is by assimilating new discoveries and the new facts thus
revealed that one day we shall find the unifying synthesis. Meteorological training
should be based more on this spirit of interdisciplinary open-mindedness.
H. T. - Professor Bernard, thank you for this very interesting interview. I am sure
readers will join me in wishing you a long, healthy and fruitful retirement.
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Mr R. H. Ranaivoson
The Democratic Republic of Madagascar comprises the fourth largest island in the
world* and some small ones in the western Indian Ocean, with a total land area of
approximately 590000 km 2 and a population of over 8.5 million. There are three
principal longitudinal zones: a narrow coastal strip in the east, a central high plateau
and lower plateaux in the west. The central plateau lies at an altitude of between
800 and 1500 m and consists mainly of gneiss, granite, quartz and other crystalline
formations. There are three mountain massifs rising to over 2000 m; the culminating
volcanic summit of the Tsaratanana group in the north reaching 2876 m.

Mr and Mrs Ranaivoson
Photo: H. Taba

Temperatures in the capital, Antananarivo (c. 1250 m), range between 8'
and 27'C, but in coastal regions daily maxima average around 32'C. Northern parts of
the island receive monsoon rains from December to April; in fact the hot and wet season
lasts from November to April, the other six months being somewhat cooler and drier.
South-easterly trade winds blow throughout the year, and the eastern coast has relatively
high rainfall totals- approximately 3700 mm annually. Tropical cyclones can affect
any part of the country but their consequences are usually worst in the east (see, for
instance, WMO Bulletin 36 (4) p.267).
The island, which was once covered with evergreen and deciduous forests, is now
largely denuded, trees having been cut down to make way for paddy-fields, for export as
timber and for fuel. Thus there are vast expanses of savannah with occasional stands of
bamboo or other small thin trees. By virtue of its isolation, Madagascar has a rather
distinctive flora and fauna; for instance a variety of lemurs, many birds, and crocodiles
and lizards but no poisonous snakes. Fishing has good potential for further development.
Madagascar used to export rice, but production could not keep up with demand so that
some rice now has to be imported. Cassava is also grown in large amounts for local
needs and the Government is encouraging more cattle-raising. Coffee is the main export
in terms of the economy. Of its varied mineral resources, chromium ore is the one
primarily exploited.
*After Greenland, New Guinea and Borneo.
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The human race has been present on Madagascar for only about 2000 years. The
.first arrivals may have been of Indonesian origin, but this is not certain. Archaeological
evidence points to Afro-Arab settlers having established themselves along the coasts
before AD 1000. The main ethnic group today is the Merina (Hova), numbering some
two million, and their language, standardized and written in the Latin alphabet, has
been adopted. French is spoken widely and is also recognized as an official language.
Since 1976, every child must have at least six years of primary education.
Madagascar became an autonomous state within the French community in 1958,
and, as the Malagasy Republic, achieved complete independence in 1960. The supreme
legislative authority is the National People's Assembly whose members are elected for a
five-year term by universal adult suffrage, and executive power is vested in the President,
elected for a seven-year term.
Dr H. Taba went to Antananarivo in October 1988 to conduct an interview with
Mr R. H. Ranaivoson, former Director of La Meteorologic nationale, the National
Meteorological Service of Madagascar.
Raymond Henri Ranaivoson was born on 16 May 1915 in Manjakandriana, about
30 km east ofAntananarivo. His first contact with meteorology was on being selectedfor
training by the Meteorological Service in 1939. Following the initial course he was
appointed technicien in the climatological section with effect from 1 January 1940.
In 1948 he became head of the principal meteorological station at Fort Dauphin (now
Taolafiaro). In 1950 he went to France for advanced training and on his return as a
Class I meteorologist served as a forecaster and, from 1963, as chief forecaster and
Deputy Director of the Meteorological Service. It was in 1965 that he was appointed
head of the Service, a position he held until he retired in 1975. He served as Permanent
Representative of his country with WMO from 1972.
Mr Ranaivoson attended many international meetings convened by WMO, ICAO,
Unesco, ICSU and other bodies, and participated with particular interest and
enthusiasm in the activities of the Tropical Cyclone Committee for the South- West
Indian Ocean, ofwhich he was chairman from 1973 to 1975. The Academic Malagasy
elected him corresponding member in 1982, associate member in 1983 and full member
in 1987. He is member of the National Committee for Geodesy and Geophysics, and was
chairman of the Malgache Engineers' Association from 1970 to 1974. He was bestowed
with a series of decorations in the National Malgache Order: Chevalier in 1964, Officier
in 1973, Commandeur in 1978, Grand Officier in 1983 and Grande Croix de la 2eme
Classe.
We are very grateful to Mr Ranaivoson for agreeing to this interview which took
place at his home in Antananarivo on 17 October 1988, when Dr Taba also had the
pleasure of meeting Mrs Ranaivoson and some of their children. We wish
Mr Ranaivoson many more years of happy and active retirement.
H. T. - To begin with, I should like to ask you about your family background and early
childhood.

R.H.R. -My parents were descendants of the Hova from the vicinity of the capital,
Antananarivo. My father was an official in the colonial administration, being one of an
elite group ofMalagasies known as 'governors'. This meant that he was moved around
the country a great deal. I was born in Manjakandriana, some 30 km east of the capital,
the seventh of nine children. As if that were not enough, my parents charitably brought
up one or two cousins at the same time.
H. T. -

Please go on with the story of your early education.
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R.H.R. -Because of my father's frequent relocations, I attended a number of p1imary
schools. At that time there were two channels of education: the metropole programme
taught at so-called 'European' schools, and a stream for Malagasy children who were
taught to read and write in their own language, in due course learning French by means
of translations. When I was 13 I had the good fortune to be accepted by a private
European school and spent two years there. After that, I continued my studies at a
private secondary school in Antananarivo, leaving the family home at the age of 15,
and when I had completed the curriculum I went on to various other private
institutions in the city. There was no university education in Madagascar at that time,
so I had to start looking for work. I entered a competition for an appointment in the
Meteorological Service, and was one of 12 successful candidates. That was how in 1939
I made my first acquaintance with meteorology.
H. T. -

What did the introductory training course consist of?

R.H.R. - We were given theoretical and practical instruction by a graduate in the
Meteorological Service. The theory consisted in defining various meteorological
elements, clouds and topics such as the structure of the Service. The practical work was
mainly on making and coding weather observations, maintaining instruments and
equipment and updating, checking and correcting documents. The course lasted for
five months, whereupon I was assigned to the section of the Service dealing with
climatology. My main task was to scrutinize meteorological documents, but the post
also entailed visiting stations in Madagascar to give on-the-job training to observers
and to carry out care and maintenance work on the equipment. I also set up some new
meteorological stations. Journeying all over Madagascar during the period 1940-1946 I
got to see a large part of my country and met a lot of people. There were no roads apart
from the few trunk routes; one travelled mostly in sedan-chairs or on foot.
H. T. -

What was the next stage in your career?

R.H.R. - I was married in 1948 and assigned to Taolaiiaro (then known as Fort
Dauphin) in the extreme south-east. Next, in 1950 I entered a competition to select
candidates for the course for Ingenieurs, and as a result was sent for further training at
the Ecole d'app!ication de la meteorologie in France. I should explain that this
competition had been arranged in accordance with a decree by General de Gaulle of
2 November 1946 whereby nationals of former French colonies were to be permitted to
enter executive branches hitherto reserved for French people. Prior to 19 50,
newly-admitted ingenieur candidates had been trained in the country in which they
had participated in the competition, but a decision by the Secretary of State for
Overseas Territories then made it obligatory for all to do their training in France. I was
the first Malagasy to go to the Ecole d'application de la meteorologie; although three
others had been accepted before me, they did not actually go on their course until later.
On graduating from that course as Ingenieur, I was appointed forecaster.
H. T. - Before we continue with your career, please tell me something about the history
of meteorology in Madagascar
R.H.R. - For Malagasies, meteorology primarily meant watching the behaviour of
plants in order to establish a crop calendar. The first time that meteorology was
practised in a scientific manner was in the eighteenth century when Benyowski* took

* Count M6ric Benyowski was a soldier of Hungarian origin, a hero of Poland, who fought
against the Tzar of Russia, was taken prisoner in 1769 and deported to Kamchatka. He
subsequently escaped, and after an eventful journey found himself in Madagascar where he
proceeded to establish a trading post. Apparently it was Benyowski who was the first to document
the grammar and pronunciation of the language spoken by the Malagasies.
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temperature readings over a whole year at a point on the east coast near Antongil Bay.
His records are now in the national archives. Alfred Grandidier took regular
temperature readings during his journey to the centre of Madagascar between 1865 and
1870. In 1872 a Jesuit by the name of Reverend Father Roblet set up a permanent
station at Andohalo with thermometers and a Fortin barometer; he used the station as
a basis for determining elevations for a map he was making. In 1880 another Jesuit,
Father Delbosc, established a station at Mahamasina, and the following year the
London Missionary Society installed a station at Faravohitra. But the start was really
made in 1887 when Queen Ranavalona Ill authorized Father Colin to build an
observatory on Ambohidempona Hill east of Antananarivo. The work was finished
in 1889 so that we are about to celebrate its centenary.
H. T. - It was very common for meteorology to have started life as an auxiliary
discipline of astronomy.
R.H.R. - Yes, it was quite a typical state of affairs until the turn of the century.
During the pacification of Madagascar by French troops between 1896 and 1900,
military adjutants made weather observations and there were reports on tropical
cyclones published in official journals of the day. Later, the stations came under the
responsibility of the Department of Public Works and tidal observations were added to
the programme of some coastal stations. In 1911 Antananarivo Observatory started
collaborating with the Royal Observatory of Mauritius to record the tracks of tropical
cyclones. In March 192 7 an unusually violent cyclone virtually flattened the town of
Tamatave (Toamasina), and this convinced the authorities of the need for a special
service to forecast the track of these storms. The result was the creation of a
Meteorological Service on 14 June 1931 by a decree of the Governor-General of
Madagascar. Initially the Service was located with the Geographical Service in
Andohalo; it moved several times until it was finally established at Ampasampito in
time to host the first session of the Regional Association for Africa in January 19 53
under the presidence of Mr D. A. Davies.
H. T. -

I suppose the organization of the Service also underwent various changes?

R.H.R. - One can identify three fairly distinct stages in its development: 1931-1945,
1946-1962 and 1962-1975. In the initial phase the Service was run by a Frenchman
who was formerly a professor, and his task was indeed a difficult one. He received help
to the extent that offices were made available by the Geographical Service and
manpower was provided by the Department of Public Works. As I already told you,
staff of the climatology section had to travel all over Madagascar to visit stations.
In 1942 British and Free French troops landed in Madagascar, and an English major
shared administration of the Meteorological Service with the incumbent Director.
After the war, the Meteorological Service entered a phase characterized by the
introduction of new techniques. Air traffic control centres were created, the Service's
main headquarters building was erected on its present site, together with housing for
staff members working in Antananarivo as well as at synoptic stations and air traffic
control centres elsewhere. New stations were established on Europa and Tromelin
Islands, and most synoptic stations were equipped for making upper-wind
observations. A radiosonde station was installed at Antananarivo. A meteorological
radio network was set up and each station provided with a transceiver.
Newly-appointed technicians and other workers were trained by French graduates
already employed by the Service, and competitions were held to recruit new candidates
for I ng(mieur training. Technician posts were rapidly made available to Malagasies and
seven nationals graduated in the Service to Ing(mieur. We felt we had really achieved
something when the Director of our National Meteorological Service, Mr J. Ravet, was
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elected president of the Regional Association for Africa at its first session in
Antananarivo in January 1953. The third phase was one of consolidation after the
country had gained independence and la Meteorologie nationale had been created,
Mr Ramanisarivo being elected president of the Regional Association at the third
session in Addis Ababa in March 1962.
H. T. -

Please tell me about the positions that you held in the Meteorological Service.

R.H.R. - To start with, I was both inspector of documents and instructor of
meteorological observers. The first duty consisted in spotting any errors in observers'
notebooks, instrumental records or the observation logbook, and in calculating
statistics. As for the second, in those days one had to be extremely patient and
persuasive if one wanted to recruit and train observers unfamiliar with the procedures.
Very few people appreciated the value of meteorological records; they failed to see why
observations had to be made, whatever the weather, several times a day all the year
round. Going from one station to another, an instructor encountered all sorts of
difficulties in transport, accommodation and other matters, and problems sometimes
arose in relations with the authorities or with the observers. From 1946 to 1948 I was
supervisor of the Climatological Information Office which provided customers with
the statistics they needed. Some requests were simple to fulfil, others complex. Some
involved delving into the Meteorological Service archives, others entailed lengthy
calculations. As an example, when a factory chimney was to be built we would provide
information on the probable height and direction of the plume from it.
H. T. -

You said that in 1948 you were sent to Fort Dauphin

R.H.R. - Today it is called Taolaiiaro. Yes, as supervisor of the principal
meteorological station my job there mainly entailed applying directives from above in
such a way that the station continued to operate smoothly, and trying to play a useful
role in the local community. That brings us to my period of training in France and
subsequent appointment in 1952 as forecaster at the Service headquarters and at the
air traffic control centre at Ivato airport as well as at Arivonimamo from 1957 to 1959.
I also had a spell as inspector of the synoptic network in 1959/60. I should explain that
when they became independent in 1960, the former French colonies in Africa decided
to create ASECNA- L 'Agence pour la securite de la navigation aerienne en Afrique et
aMadagascar (agency for the safety of aviation in Africa and Madagascar). This was to
embrace an aeronautical meteorological service, and each member State was required
to transfer to ASECNA all its synoptic stations located on airfields (as most of them
were), as well as air traffic control and telecommunication centres. This left the
Meteorological Service in Madagascar with little but its headquarters and central
administration. The French meteorological staff including the Director, Mr Ravet
(who was also president of the Regional Association for Africa), all went to Reunion.
Therefore a Malagasy had to be appointed Director of the Madagascar Service and
acting president of the Regional Association, and it was Mr Ramanisarivo who was
chosen. He was appointed Director of the parallel Aeronautical and Meteorological
Services, and at the same time Permanent Representative of Madagascar with WMO. I
became chief of the National Meteorological Service, and when the directorate of the
Aeronautical and Meteorological Services was abolished in 1972 I was designated
Permanent Representative.
H.T.- What were the primary functions of the National Meteorological Service in its
early years?

R.H.R.- Before the days of the National Meteorological Service, the French had used
Madagascar as a base for aircraft operations, and the French military services
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collaborated with the Observatory in providing meteorological support. Later, this
support was in the form of weather forecasts sent by the central forecasting office in
Antananarivo to military meteorologists at Ivato airfield, and this type of assistance
was greatly intensified when air traffic control centres were introduced. Meteorological
support was also given for specialized activities such as aerial photography. As regards
shipping, between 1911 and 1931 the Observatory plotted the tracks of cyclones, a task
that was subsequently taken over by the Meteorological Service. In addition to

Participants in the first session of the WMO Regional Association for Africa
held in Antananarivo from 19 to 30 January 1953

preparing marine forecasts for broadcast by coastal radio stations, specialized services
were also provided, such as when an oceanographic research project was in progress in
the Mozambique Channel in 1956, or when a giant oil-rig had to be moved along the
coast in 1971. In the domain of agriculture, support was given in a variety of ways;
agroclimatological stations were established and research projects conducted. One
example that comes to mind is when studies on hail were undertaken in 1968 at the
request of the Minister of Agriculture. It transpired that the highest probability of hail
was in the months of November and April, just the time that the rice crop ripens.
Therefore the Minister was able to advise cultivators to harvest their rice as soon as it
was ready, and not expose it longer than necessary to the risk of hail. Finally, we were
able to give useful support in connection with water resources and flood protection, in
the latter case both for hydrological structures and water-level forecasts.
H. T. -

How was the Service organized under your leadership?

R.H.R. - I created three divisions: one for climatology, one for general forecasting
and one for supplies and maintenance. The functions of the climatology division were
as I have already described. The general forecasting division was under my direct
supervision with two graduates working at the forecast bench, but during tropical
cyclone watches I would work in tandem with them, especially at night. The equipment
division was responsible for the purchase of materials and maintaining installations
and buildings. Then in 1964 it was decided to add a hydrology division to the
Meteorological Service; some graduates had just completed training abroad and could
provide the necessary manpower resources. When the Government of the USA
donated an automatic picture transmission (APT) receiver, we set up a section within
the general forecasting division to foster the necessary expertise in satellite
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meteorology. Indeed, the APT brought about considerable improvements in the
forecasts we issued, especially those involving prediction of the evolution of tropical
cyclones. Our capabilities were still further enhanced by the acquisition of three
long-range weather radars through a UNDP/WMO project which were finally installed
and functioning in 1975. When I left the Service the staff complement was 214,
including 14 ingenieurs. There were 480 meteorological/climatological stations,
including 27 in the synoptic network.

Participants in the sixth session of the Regional Association in August 1973 assembled in front or
the WMO building in Geneva
Photo: WMO/Bianco

H. T. - I should like to turn now to the subject of tropical meteorology, and particularly
cyclones, because I know that has been one of your special fields.
R.H.R.- Madagascar lies between latitudes 12' and 26'S, thus mostly in the tropics. If
meteorological theory developed for the temperate zones is also generally valid for the
tropics, it must nevertheless be applied with great discernment. In the tropics the
elements do not have the same amplitude of variation; barometric tendencies may
easily be masked by tidal effects, and air masses vary little and have ill-defined
boundaries - there are no frontal systems.
H. T. What are the most useful indicators for the weather forecaster in
Madagascar?
R.H.R. - The wind regime is a cardinal element. The weather of Madagascar is
determined by the permanent anticyclone situated south of the Mascarene Islands; it is
this that regulates the south-easterly trade winds. The anticyclone is reinforced when
cold air is advected from eastward-moving disturbances further south. When that
happens, the air reaching Madagascar is humid and unstable and heavy rainfall on the
eastern side of the island is orographically accentuated. A fohn effect generally brings
clear or only partly cloudy skies to the west. This situation is most common between
April and October. The anticyclone is usually at its strongest in the winter months of
June and July. From November to March, on the other hand, the 'heat equator' is
located between 5' and 1O'S, and weak local disturbances form in the slack pressure
gradient; they develop into depressions and start moving each time the anticyclone is
reinvigorated. This is only a very simplified picture, because of course the situation at
upper levels obviously plays an important part.
H. T. -The south-easterly trades are a permanent feature are they?
R.H.R. - Exceptional situations do sometimes occur. The passage of a very deep
trough to the south of the country, for example, can sometimes push vigorous westerly
currents even as far north as 1S'S, bringing a virtually cloudless sky to the whole island.

19

I remember it was an event of this type that permitted the French National Geographic
Institute to photograph the central coastal regions in 19 57. This situation may
sometimes bring swarms of desert locusts to parts of Madagascar, driven there from
Africa by the strong westerly winds.
H. T. -

Tell me something about your own work in meteorology.

R.H.R. - As head of the Meteorological Service, it mostly consisted in writing
technical reports about tropical cyclones that occurred. I think the reports are still in
the archives; they describe the development of each storm, its trajectory and its
consequences. There are satellite photographs, reproductions of synoptic maps,
barograph traces, rainfall amounts and percentages of normal, details of warnings
issued and to whom, the duration of the cyclone passage and indications as to the cost
in human lives and losses to the economy. In the context of the Academie malgache, I
have written papers on the weather and Hova proverbs, on tropical cyclones and
unusual storm tracks over the South-western Indian Ocean. The first high-level
international meeting in which I participated was a symposium on tropical
meteorology sponsored jointly by WMO and the Munitalp Foundation and held
in Nairobi in December 1959 (WMO Bulletin 9 (2) pp.71-75). The symposium taught
me how to proceed in analysing a pressure pattern and how to identify rainy areas. I
found out how to progress from the synoptic situation to a climatological one, and how
to interpret cloud observations (still no satellite images in those days!) and apply them
in their preferred areas. I also learnt how to deduce rainfall amounts from radar images
and how to treat meteorology as an applied science. The symposium was followed by a
study tour in Uganda where we saw the theory being applied.
H. T. -You began your career working in the field of climatology. Did it leave you with a
lasting interest in that discipline?
R.H.R. - I have always been extremely interested in climatology, and I consider this
discipline, as you call it, to be at the basis of all economic development. Agricultural
projects depend heavily upon the climate and site chosen for planting. This is
especially true for a country like Madagascar, having regard to its situation and
agricultural potential. Climatological data are important because they are reliable. All
the meteorological stations in the country have a file of records bearing all the
available data, and computerized data processing would be very useful for archiving
purposes- WMO's CucoM programme is extremely useful in this context. I wrote an
account of the climate of Madagascar in collaboration with Professor J. F. Griffiths
that was published as Chapter 14 of Volume 10 of the World Survey of ClimatologyClimates of Africa (Elsevier, 1972).
H. T. - You have been associated with the Tropical Cyclone Committee for the
South-West Indian Ocean since its creation. When was its first session?
R.H.R. - I remember that very well because we had the excitement of hosting it in
Antananarivo. The session took place from 22 to 29 May 1973. But the story really
starts with a meeting of experts in Mauritius in 1971 when every aspect of tropical
cyclones was examined in the smallest detail. Discussions ranged from purely
meteorological topics to such matters as habitats, how to provide help, international
co-operation and educating the people. Tropical cyclones in the south-west of the
Indian Ocean influence the weather in Madagascar even at a great distance. Meticulous
care was taken by all concerned in preparing for that first session of the Tropical
Cyclone Committee, and as a result some comprehensive results could be produced
using the available surface and upper-air data from land and sea. As hosts, we made
careful preparations so that the participants' stay would be as comfortable and
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enjoyable as possible. The purposes of the session were to improve the warning system,
to determine what measures needed to be taken to reduce damage and loss of life, and
to prepare a technical plan. It was the first time the Malagasy Meteorological Service
had serviced an international meeting such as this, and it was a real marathon. (The
1953 session of the Regional Association had been arranged with the help of France
since Madagascar was not yet independent.) We had nobody who could type in
English, and so had to borrow a typist and typewriter from the British Embassy.
However, the documentation was completed in time for the participants to take it
home with them. I was elected the first chairman of the Tropical Cyclone Committee
for the South-West Indian Ocean, but I must tell you that I almost missed that session
because of a clash of dates. U nesco had arranged a meeting in Spain to prepare for the
conclusion of the International Hydrological Decade and I was a member of the
Malagasy IHD Committee. The committee had nominated me in absentia as the
delegate to that meeting, but I firmly declined to go, and eventually a meteorologist
and a hydrogeologist were sent in my stead.

Erecting one of the weather
radars at Antananarivo in 197 5

H. T. do?

Where did the cyclone committee's second session take place, and what did it

R.H.R. - It was held in October 197 4 at St. Denis in Reunion. Since I held the office
of committee chairman until the seventh session of the Regional Association for
Africa, I had the honour of presiding over the meeting. Seven countries were
represented and there were observers from Seychelles and the International Red Cross
Committee. Most of our work concerned revisions to the technical plan, the
establishment of new observing stations and automatic weather stations on
uninhabited islands, and improvements in broadcasts from coastal radio stations. I
remember that we were treated to a tour of the island of Reunion by air.
H. T. - Tell me about what was going on in Madagascar in response to the technical
plan of the tropical cyclone committee.
R.H.R. - I allotted a certain amount of money from the Service's budget for
establishing some ten new synoptic stations at locations deemed by the committee to
be important. Buildings of rot-proofed wood were delivered in prefabricated sections
and were quite simple to erect. Then I took action to accelerate installation of the three
weather radars given to us under the UNDP/WMO project. I sent some graduate
students for training at the Etablissement d'enseignement superieur polytechnique and
two graduates went for training in the USA and another for hydrological training
in France.
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H. T. -

What do you recall of your contacts with the Regional Association for Africa?

R.H.R. - I led a delegation of three to Geneva where the sixth session was held in the
second half of August 1973. The work of the Tropical Cyclone Committee for the
South-West Indian Ocean aroused considerable interest and many questions were
asked. The session was not an easy one because many items discussed were politically
oriented and a long way from meteorology. It was a great honour to my country as well
as to my person to be elected vice-president of the Association. Prior to that I had not
been Permanent Representative of my country and so had not been so involved in the
Regional Association's activities. I was therefore all the more delighted on my
retirement from office to receive the following cable:
TO MR RANAIVOSON FROM THE PRESIDENT OF THE REGIONAL ASSOCIATION FOR AFRICA STOP
ON BEHALF OF THE AFRICAN DELEGATION ATTENDING THE SEVENTH WORLD
METEOROLOGICAL CONGRESS WISH TO EXPRESS OUR DEEP APPRECIATION FOR EMINENT
SERVICE YOU GAVE TO METEOROLOGY IN AFRICA AND WISH YOU A HAPPY RETIREMENT
STOP
ABA YOMI METEOMOND

H. T. - Now I would like to return to the International Hydrological Decade which you
mentioned earlier. When did it terminate?
R.H.R.- The IHD ran from 1 January 1965 to 31 December 1974. I attended the
final session of the IHD Co-ordination Council in the Unesco headquarters on 29 and
30 August 1974 and I was also present at the end-of-Decade conference that followed
it. Reports on results of the IHD were formally submitted by countries, by the
IHD secretariat and by other governmental and non-governmental organizations,
including WMO and IAHS. Then the conference turned to future activities to be
undertaken within the framework of U nesco's International Hydrological Programme
which was to replace the IHD. Numerous recommendations were adopted, and on my
return home I was able to submit a 68-page report to the Government. I should
mention that the conference proceedings were suspended in order to celebrate the
tercentenary of scientific hydrology, lectures being given by eminent scientists and
seminars conducted. The actual event that took place in 1674 was the publication of a
book by Pierre Perrault in which he showed by means of quantitative evaluations that
rainfall and snowfall were responsible for river flow, thus paving the way for universal
recognition of the water cycle as we know it today.
H. T. - Yon are now a full member of the Academie malgache. Please tell readers
something about this institution.
R.H.R. - General Gallieni enacted a decree on 23 January 1902 that set up the
Academie malgache. Originally its purpose was to undertake in-depth methodological
and analytical studies of the Malagasy language, ethnology and sociology. Then, in
1969, the Academy was divided into four sections: languages, literature and art; ethics
and political science; pure sciences; applied sciences. I was admitted in the latter
section as a corresponding member in 1972, became an associate member in 1983 and
full member as from 1987. Members are expected to take an active part in the
Academy's functions.
H. T. - You were also president of the Association des inginieurs de Madagascar
from 1970 to 1974. What did that entail?
R.H.R. - When Madagascar became independent, I was one of the 22 people among
the indigent population who had graduated ingenieur. We decided to create an
association with the object of providing mutual support and upholding our
professional status. Soon the number of inglmieurs grew very rapidly because of the
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expanding technical services and many joined our association, so that it is now in a
position to play a role in the domain of education, especially giving talks on careers to
school-leavers. Members also play an active role in the University, preparing syllabuses
in various disciplines. The Association is represented on the administrative councils of
national technical schools and itself took an active part in creating the University's
Etablissement d'enseignement superieur polytechnique; there is a meteorological
branch in which the instructors have all graduated ing(mieur, and follow a curriculum
that is in accordance with the WMO guidelines.

H. T. - How do you see the future of meteorology in Africa, and Madagascar in
particular?
R.H.R. - I feel that activities should be based on research, especially in those
disciplines for which WMO has technical commissions: aeronautics, climatology and
instrumentation for example. But the research would be more profitable if it were
conducted under an umbrella institution that could perhaps be managed by the
Regional Office for Africa. Each Member country could provide this institution with
computer-processed statistical data for use by highly-qualified research workers.
Because Africa has considerable energy resources, research could start on renewable
energy sources such as solar energy. However, putting the science of meteorology into
application involves educating the public, especially rural populations. Therefore every
primary school should have thermometers and a raingauge, and elementary
meteorology should be included in textbooks.
H. T. -In your opinion, where should the emphasis be placed in meteorology?
R.H.R. - I think the present directors of Meteorological Services are in a better
position to answer that because they have already established guidelines. My personal
feeling is that emphasis could be placed on being self-sufficient in meteorological
instrumentation. Developing countries generally depend upon the industrialized
countries for their supply of instruments and equipment, and that is very expensive.
Quite a large number of economic development projects need meteorological
instruments, but the cost of these is not taken into account because it is believed that
they can be obtained from the Meteorological Service. To meet our own needs will
entail training specialized staff and setting up manufacturing units or centres, ideally at
the regional level. I believe that those concerned in Madagascar have already given this
matter some thought.
H. T. - Tell me about the national honours you have received. Which do you appreciate
the most?
R.H.R. - It was an honour to be elected member of the Academie malgache as I have
already mentioned. In 1964 I was made a Chevalier de l'Ordre national de Madagascar,
and in 1987 I was awarded the Grande Croix (second class) which is one of the highest
honours in the land. I am more than grateful to the Democratic Republic of
Madagascar for having rewarded me in such a fashion for simply having done my duty
as a citizen.
H. T. -

What was the most memorable experience of your professional life?

R.H.R. -That was the time I made a successful forecast for aerial photography for the
National Geographic Institute. The Institute's aircraft was based at Arivonimamo
airfield Uust west of Antananarivo) where I was a forecaster. On 1 November 1957 the
pilot, navigator and I examined the meteorological situation and concluded that there
was a good chance of being able to do useful work over the north-eastern part of the
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island around Antongil Bay the following day. That coast is nearly always covered by
cloud. Early on 2 November I confirmed my forecast and the aircraft took off,
returning at about 1 p.m. local time. An extract from the pilot's report:
When we arrived in the area, we saw there was no cloud cover and immediately set to work.
We were so pleased that we took as many shots as possible. Unfortunately, towards the end
of the morning the summit of Mount Radama became enveloped in a small developing
cloud, otherwise we should have stayed longer.

It was a B-17 aircraft flying at 6000 m, and to find cloudless conditions at that level
over the east coast was really exceptional. My successful prediction was brought to the
notice of the Administration which rewarded me with promotion. Eight years later, on
8 November 1965, the same pilot wrote to the Director of the National Geographic
Institute's office in Antananarivo saying
... It would be worth your while contacting Mr Ranaivoson, whose competence enabled us

to carry out the important coverage in 1957 and the mission in 1961 ...

Needless to say, I studied that exceptional situation carefully, and arrived at the
conclusion that I mentioned in answering your question on the meteorology of
Madagascar. From an examination of satellite photographs I now realize that such
conditions can only occur twice during the year, in November or in February.

H. T. - What advice would you give to a young person wishing to embark upon a career
in meteorology?
R.H.R. - I do not think that meteorology can be considered a vocation, but to anyone
attracted to making a career in it I would say the following. The profession of
meteorologist is indeed a fascinating and invigorating one. But it is not enough to
study the science alone; familiarize yourself with other activities taking place, because
the role of meteorology is to help the economic development of your country.
H. T. -

How do you spend your time nowadays?

R.H.R. - I take part in the affairs of the Academie malgache through attending
meetings. Preparing my presentations takes up a good deal of my time. Before I retired
I realized that there were many interesting things I wished to study, and now I have the
time to do it. Studying is one of my favourite pastimes.
H. T. - Mr Ranaivoson, thank you very much indeed for your frank and honest answers
to my questions. I hope you will enjoy good health and pursue your studies in the fields
that interest you for many long years to come. I am sure that this will be of benefit to the
community.

24

Professor Z. Kaczmarek
The International Institute for Applied Systems Analysis (IIASA) is a research
centre sponsored by member organizations in 16 countries, including the American
Academy ofArts and Sciences and the USSR Academy ofSciences. Founded in 1972, the
Institute has its headquarters at Laxenburg, about 17 km south of Vienna in Austria, in
a palace built by Empress M aria Theresa in the eighteenth century and used regularly by
succeeding royal families until the demise of the Austro-Hungarian Empire in 1918.
Research work at IIASA focuses on problems of major international concern that
have arisen from the spread and concentration of industrial development and from
repercussions of scientific and technological progress. The research is conducted by
teams of scientists representing various disciplines and drawn from more than
20 countries. There are four main programmes: environment; technology, economy and
society; population; system and decision science. The leader of the programme on the
environment is Professor Bo Doos (Sweden), former Director of the Joint Planning Staff
for the Global Atmospheric Research Programme at the WMO headquarters in Geneva.
He succeeded Dr R. E. Munn (Canada), another eminent meteorologist.

Professor Zdzislaw Kaczmarek
Photo: H. Taba

Dr H. Taba visited Laxenburg on 13 February 1989 in order to interview the
well-known Polish hydrologist, Professor Z. Kaczmarek, who is currently working at
IIASA as leader of the water resources project, a component of the environment
programme.
Zdzislaw Kaczmarek was born on 7 August 1928 at Poznan, one of Poland's oldest
cities, which was to suffer heavy damage during the Second World War. He obtained an
M.Sc. in 1951 and a D.Sc. in 1958 from Warsaw Technical University, and his
habilitation from Gdansk Technical University in 1961. He held a post at Warsaw
Technical University from 1947 to 1978, but was also head of the national
Hydrometeorological Service from 1963 to 1966 and again from 1976 to 1980. His
supreme competence in the field of hydrology and water resources ensured that he was in
great demand on committees at home and abroad.
For two years he was First Deputy Minister of Science, Higher Education and
Technology, and he is still on a committee that has its sights on the twenty-first century
in order to plan the national policy for science. The culmination of his career was to
serve for eight years as Scientific Secretary of the Polish Academy of Sciences, no doubt
his country's most responsible job in science.
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Zdzislaw Kaczmarek has an impressive list of decorations. They include the Silver
and Gold Cross of Merit, the Knight's and Officer's Cross of the Order of
Polonia Restituta, the Order of the Banner of Labour (First Class), the USSR Order of
Friendship of Nations and the German Democratic Republic's Silver Star of the Order of
Friendship.
Dr Taba, who had first made his interviewee's acquaintance in connection with the
1979 World Climate Conference, says that he once again fell under
Professor Kaczmarek's charm, and experienced again the same feelings of friendship
and respect.
Professor Kaczmarek, thank you for agreeing to be interviewed for the
WMO Bulletin. Could I ask you first for some notes on your personal background?

H. T. -

Z.K. - I was born on 7 August 1928 at Poznan in the west of Poland. My father was a
dental surgeon. I have one younger sister who is now working at the Institute of Physics
run by the Polish Academy of Sciences. As you will remember, on 1 September 1939
my country was invaded, precipitating the Second World War. My parents moved
away from Poznan to a town about 30 km from Warsaw. What you may not know is
that the occupying powers decreed that no Polish child should be educated beyond
primary school level, and the universities were closed down. However, the
underground movement was very strong in Poland and clandestine secondary school
classes were soon organized in Warsaw and the provinces. We met in classes of
between seven and a dozen in different private houses, and our teachers were excellent
at the job, often being former university professors. There was usually plenty of
warning of an impending police raid and we would have dispersed long before they
arrived, but nevertheless a few teachers were caught and imprisoned. It was a difficult
time at home because my father had been arrested and sent to the infamous
concentration camp at Auschwitz in the south of Poland. Luckily he survived and took
up his profession again after the war, later going to the medical university at
Gdansk.
H. T. -

So all your secondary schooling was done under cover during the war!

Yes. We followed the pre-war curricula and took the matura, which was
recognized after the war on the strength of the names of our teachers. At least three of
my teachers were from a university. For mathematics I had Dr Edward Czetwertynski,
who had been associate professor at Warsaw Technical University, and I grew to like
and respect him very much. His subjects at the university had been hydrology and
hydraulics, and after the war he was given the Chair of Hydraulics; that was the subject
I decided to study after passing my matura in January 1946. As you can imagine,
nine-tenths of Warsaw was destroyed during the war and about half of the professors at
Polish universities had lost their lives. There were thus severe problems in respect both
of accommodation and faculty staff. On the other hand, we were highly motivated to
learn (more so, I believe, than the present generation), and I started immediately, that
is in February 1946.
Z.K. -

H. T. -

You were not yet 18 years old. That is young to start a university course.

Z.K. -Most of my colleagues were much older than me; some had spent the war years
in concentration camps, some had served in Polish units of the Allied military forces
and some had started their studies after having been engaged in a profession. Because I
had embarked on a research course in the University I was given the position of junior
research assistant in September 1947, and did some teaching. I was very happy
working with Professor Czetwertynski, but in 1948 things became even better when the
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eminent Polish scientist Professor Julian Lambor joined the faculty to teach hydrology
and water management. Lambor was then also Director of the State Institute of
Hydrology and Meteorology and our Permanent Representative with WMO, so for the
first time I became aware of the existence of international communities of hydrologists
and meteorologists. Both my professors, Czetwertynski and Lambor, were elected
members of the Polish Academy of Sciences, and when I tell you that, out of the 5 50
members elected between 1952 and today, only six were in the field of hydrology,
hydraulics or water management, you will appreciate how privileged I felt.

The
former
WMO
Secretary-General,
Dr D. A. Davies (left) with Professor Julian
Lambor on a visit to Zakopane in the Tatra
Mountains in October 1963

H. T. -

When did you obtain your first degree ?

Z.K.- I graduated as Master of Science and Engineering in 1951. (I should perhaps
explain that in Poland it is possible to graduate with a Master's degree after five years'
study without sitting for the Bachelor's degree.) I had got married the previous year,
and I was so happy at the Technical University that the natural thing to do seemed to
stay on to study for my doctorate. Professor Czetwertynski was my supervisor, and I
got my D.Sc. in 1958 with a thesis on efficiency in estimating floods for a given return
period. Then, to help me prepare for the habilitation, which is the second stage of the
doctorate qualifying one to give courses at university, I spent a year at the State
Hydrological Institute at Leningrad working under Professors V. A. Ouryvaev and
G. A. Alexeyev, and that included two months at the hydrological experimental station
that Ouryvaev had organized at Valday. I obtained my habilitation from the
University of Gdansk in 1961.
H. T. -So you were now a docent or associate professor. Did you decide to carry on with
university teaching and research?
Z.K. - I did carry on, but already some years earlier I had developed an interest in the
practical problems of hydrology and water resources, and for that reason had joined
the Institute of Hydrology and Meteorology on a part-time basis in 1956. I was made
chief of the Institute's division for surface-water hydrology. In the course of time I
became Deputy-Director and, in 1963, Director of the Institute and at the same time
Permanent Representative of Poland with WMO.
H. T. -

What is the history of the national Hydrometeorological Service in Poland?

Z.K. - This year is the seventieth anniversary of its creation in 1919. But of course
there are a number of stations at which systematic weather observations have been
taken regularly for more than 150 years, and we have some hydrological stations whose
records go back more than a century. Between the wars there were separate services for
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hydrology and meteorology, but when the institution was reconstituted at the end of
the Second World War they were amalgamated. Until the early 1970s it was called the
Institute of Hydrology and Meteorology, but with the growing preponderance of the
latter it became known as the Institute of Meteorology and Water Management. We
have active research groups in both meteorology and hydrology, and there are regional
centres at Bialystok, Gdynia (the maritime meteorology centre), Katowice, Krak6w,
Poznan, Slupsk, Warsaw and Wroclaw. Altogether, about 2500 scientists and
professionals are employed by the Institute. The names of the directors are
K. Matusewicz, J. Lambor, W. Okolowicz, myself, W. Parczewski, E. Babinski and the
present incumbent, J. Zielinski.
H. T. -

Please tell me about your contacts with WMO

I did not become Director of the Institute until after Fourth Congress so that
my first real contact was in September 1964 when we had the privilege of hosting the
second session of the Commission for Hydrometeorology in Warsaw. That was the
period of difficult and sometimes heated discussions about the scope of hydrological
activities in WMO; there was quite stiff opposition to the idea of going beyond the
strict confines of meteorology. I am glad of the opportunity to pay tribute to the
sustained indefatigable efforts of Professor Jaromir Nemec that were finally crowned
with success when the WMO Convention was amended by Seventh Congress in 1975
to include the promotion of operational hydrology among the purposes of the
Organization. But coming back to the second session of CHy, Max Kohler was
re-elected president for a second term and I was elected vice-president and also
chairman of the working group charged with drafting the first edition of the WMO
Guide to hydrological practices and the relevant section of the Technical Regulations.
In 1966 I was nominated science adviser to the Central Committee of the Polish
United Workers' Party, and on this account I temporarily left the Institute of
Hydrology and Meteorology although maintaining my post at the Technical
University. This new responsibility meant that I had to think more about science
policy in general and the best course of action for my country to take now that such
prodigious strides were being made in nearly all scientific and technological domains.
But I met many people through WMO who made an indelible impression on me,
among them Academician Fedorov, Max Kohler, Dr Nyberg and Dr D. A. Davies who
had been Secretary-General of WMO for so many years.
Z.K. -

What contacts have you had with the non-governmental scientific community
through ICSU?

H. T. -

Z.K. - A major landmark in my career was when I went to Dijon in France in
September 1956 to attend the Symposium Darcy arranged by the International
Association of Scientific Hydrology (as it was then called) in honour of the well-known
hydraulic engineer who was born at Dijon in 1803. Not only did I have the stimulus of
mixing with hydrologists from other countries, but also the excitement of presenting a
paper on flood frequency which, you will remember, was the topic I had chosen for my
doctoral thesis. Since that time I have been to many meetings under the aegis of
IAHS.

I see that you became an extraordinary professor in 1967 and a full professor
in 1971. What is the procedure for being nominated professor?

H. T. -

Z.K. -Unlike many countries, in Poland the title professor is for life, whether or not
one is actually engaged by a university, and it can only be conferred by the Council of
State which, apart from the Parliament, or Sejm, is the nation's highest political body.
One is nominated first extraordinary professor on the basis of substantiated
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recommendations by the council of one's university faculty, then some years later,
subject to a further performance evaluation, full professor.
H. T. - Perhaps you would take up your life story again from the time you left the
Institute of Hydrology and Meteorology-temporarily, I think you said.
Z.K. - I should have mentioned that in 1963 I was elected member of the Water
Resources Committee of the Polish Academy of Sciences, because that was the
beginning of a long association with what is constitutionally the highest scientific
institution in the land. It runs more than 70 research institutes in fields ranging from
hydrological engineering through medicine to the history of science, and has about
100 scientific committees that are either subject-oriented (as the mathematics
committee) or problem-oriented (as the water resources committee). The General
Assembly of the Academy comprises the 335 members and corresponding members,
and it elects a Presidium to act for it between the biannual sessions. The Academy has
a secretariat headed by the Scientific Secretary who is responsible not only to the
Assembly but also to the Government which funds it and relies on it for advice on
scientific matters. In fact, the Academy is an ideal link between the scientific
community and the policy-makers in Government and among all the different research
institutes. In 1969 I was elected corresponding member of the Academy.

Dr F. W. G. Baker, Executive
Secretary of ICSU, Professor
J. C. I. Dooge and Professor
Kaczmarek

H. T. -

What was your main scientific work at that time?

Z.K. - My real scientific interest lay in hydrology and its application to managing
water resources, an interest largely inspired by Professor Czetwertynski. This led me to
do some research into statistics, and in particular the application of the probability
theory to water resources. A closely related field is stochastic storage, the design and
operation of reservoirs based on the probability theory, and I did some work on this in
association with the mathematicians Professors Anis and Lloyd who were developing
the concept. I had a textbook published in 1970 which is still widely used 1. In
long-range hydrological forecasting I described a matrix method that produces sets of
predicted inflow values arranged according to probability and according to different
input parameters, and my methods are still applied as routine in storage reservoir
management in Poland.
1 KACZMAREK, Z.: Melody Statystyczne w Hydrologii i Meteorologii. Wydawnictwa Komunikacji
i Lacznosci, Warsaw (1970).
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H. T. -You served for a time as First Deputy Minister of Science, Higher Education
and Technology.

Z.K. - As I think I mentioned earlier, I had developed a genuine interest in national
scientific policy as adviser to the Central Committee of the Polish United Workers'
Party and I had suggested some new lines to follow. I became Deputy Minister in 1972,
but resigned two years later on accepting my first appointment here at IIASA to
organize the water resources project. I returned to Poland in 1976 and once more
became Director of the Institute for Meteorology and Water Management and WMO
Permanent Representative. I was in Geneva for Eighth Congress in 1979 when the
World Climate Programme was launched.
H. T. - I remember that you were co-author of a paper presented at the World Climate
Conference in February of that year.

Z.K.- Preparing that paper with Dr John Schaake 2 opened up a new field of interest
for me: the interdependence of water resources and climate. I found the conference
itself very stimulating. Later on I was also present at other landmark conferences on
climate-that at Villach in the south of Austria in October 1985-and at the
conference on the changing atmosphere that took place in Toronto in June 1988. But
coming back to 1978, the Polish Academy of Sciences established a new (seventh)
division on Earth sciences and mining, and I was invited to take charge of it. It was still
possible for me to carry out my duties as Director of the Institute of Meteorology and
Water Management but I reluctantly decided to resign from the University. Then in
1980 the Academy General Assembly had to hold an election for the post of Scientific
Secretary. Since I obtained the greatest number of votes I was duly appointed executive
head of the Academy by the Council of State. The Academy of Sciences exists to
promote science, to advise the Polish Government on scientific matters and to
represent Polish science abroad. I was obliged to be present at sessions of Parliament
and governmental commissions, and was responsible both to the General Assembly of
the Academy and to the Prime Minister. It was clearly a full-time job and I had no
choice but to resign from the Institute of Meteorology and Water Management.
H. T. -

It seems to me that you had achieved the highest post in science in Poland?

Z.K. - I suppose you could say that in the context of an executive position, but of
course it is the President of the Academy who is sovereign, just as is the case with the
President and the Secretary-General in WMO. I found it a thoroughly interesting job
and learnt a great deal about the political structure and the way decisions are made. I
was reappointed for two further terms but resigned on reaching my sixtieth birthday
in 1988 and was replaced by Professor R. Ney. I had various activities that I wished to
devote more time to, such as research work at the Geophysics Institute and my role as
chairman of the Academy's committee 'Poland 2000'.
H. T. -

Tell me about that.

Z.K. - The committee was conceived back in the 1960s, and its title is a little
misleading because nowadays we are looking ahead to the years 2020-2025. Briefly, the
committee has to try to map out the best course for national science policy to tackle
what we believe will be the most critical problems of the next century: national
development, future changes in population, the economy and the environment.
2 SCHAAKE,

J. C. and KACZMAREK, Z.: Climatic variability and the design and operation of water
resource systems. Proceedings of the World Climate Conference, WMO-No.537 (1979) World
Meteorological Organization, Geneva (1979), pp. 290-312.
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H. T. -You trace your interest in national science policy back to the 1960s when you
became scientific adviser to the Central Committee of the Polish United Workers' Party.
Please would you expand a little on that aspect.
Z.K. - It is rather outside the ambit of pure science, but of course highly relevant to
my responsibilities as spokesman for the Academy of Sciences in various governmental
debates. I wrote some 30 papers on scientific and technological policy in a socialist
economy, and many more that were specifically oriented towards water resources
planning in Poland. I was the chairman of a small committee that prepared the
methodological aspects of the master plan for the Vistula river basin between 1968
and 1973; this attracted support and assistance from the United Nations. I also took
part in all the meetings to plan the International Hydrological Decade launched by
Unesco in 1965, the forerunner of the International Hydrological Programme of today.
I served as vice-chairman and even acting chairman of the Intergovernmental Council
for the IHD, and was also active on the national IHD committee. Moreover, ever since
that symposium at Dijon I had kept abreast of what was going on in the
non-governmental sector through the IAHS, and in 1971 we organized in Poland an
interesting symposium on numerical modelling in hydrology. One of the commissions
of IAHS is on water resources systems and I was its vice-president and later its
president.
H. T. -You have therefore been fairly closely associated with WMO, Unesco, IAHS
and IIASA. What about UNEP and other bodies?
Z.K.- I have collaborated with UNEP, but less in the field of hydrology than in more
general environmental problems. Dr Tolba invited me several times to participate in
meetings of small groups of experts. Perhaps you remember the major United Nations
Water Conference that took place in March 1977 at Mar del Plata in Argentina? Well,
I was asked to be one of four advisers to the conference secretariat in New York and
was responsible for all the documents relating to demands on water resources. During
the past three years I have been a member of a WHO committee on environmental
problems.
H. T. - I presume you must also have been on some Polish national committees dealing
with the environment?
Z.K. - I became chairman of the National Council for Environmental Protection
in 19 81. At the outset, one of our main tasks was to convince Parliament of the need
for a ministry of the environment. In 1985 our efforts were crowned with success when
the Ministry of the Environment and Natural Resources was created. This made the
Council redundant, and it was dissolved in 1987.

H. T. - You still have important commitments in Poland. How do you manage to
organize your time now you are working in Austria?
Z.K. - I t was agreed when I took the job at Laxenburg that I would spend one week of

every month in Warsaw to see to matters connected with the Geophysics Institute and
the committee 'Poland 2000'.
H. T. - I should like to give you the floor to say a few words about how you see the
problem of water resources today.
·
Z.K. -There is no single problem because conditions differ from region to region. For
instance, in Poland the water supply is the principal problem; per caput consumption
is the second lowest in Europe. Here in Austria the quantity is generally sufficient, but
the main problem is pollution; like most of the very large European rivers the Danube
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is badly polluted, and measures to clean it up involve agreements among a number of
riparian countries. A similar situation exists elsewhere: there are about 250 large rivers
whose basins are shared by at least two countries. As I see it, the most important
objective at present is a rational exploitation of water resources, and by rational I mean
a system that permits sustainable development of water resources and avoids
degradation of water quality. Changes in water resources may be natural or
anthropogenic or a combination of both. It is still not very clear how a global climatic
change will modify regional water resources, but the consequences of some human
activities are already apparent. A good example is the Aral Sea which is fed by the two
rivers Amudar'ya and Syrdar'ya. These rivers are extensively used for irrigation, with
the result that total inflow to the Aral Sea is now less than the loss by evaporation, so
that the water body is shrinking.
H. T. -

It is easy to see that problems like this require political solutions.

Water resources are the fruit of natural hydrological processes but they are
subject to demands that are affected by demographic, economic and environmental
conditions. Demographic processes are extremely important in some parts of the
world-consider the very high rate at which the population of certain developing
country cities is growing. This can pose serious water resource problems at national
level, but the problems are compounded when other countries share a river basin. That
was why about three years ago IIASA decided to study the case of international river
basins and to prepare algorithms for computers to assist in negotiations and in drawing
up agreements. I wish to underline that, when we plan ahead for water resources, we
must analyse not only the supply aspect but also the evolution of demand and all the
factors that will influence it. Moreover, one has to be realistic about the technological
and financial possibilities of the country or region. Clearly, the less-developed
countries start with a serious disadvantage.
Z.K. -

Celebration of World Meteorological Day in 1977 at the Institute of
Meteorology and Water Management. The speaker is the head of the Institute's
Warsaw Branch, Mr W. Zyla

H. T. -

What approach to solving these problems do you advocate ?

Z.K. - As I see it, there are two aspects. There is the assistance that the scientist can
bring in devising suitable sequences of algorithms for each particular case to find the
most rational water resource exploitation strategy. The other aspect is the response of
the decision-maker with his financial, social and political constraints, and this is
something the hydrologist cannot know. Given the seasonal cycle of rainfall and
inter-annual variability, in most regions it is possible to conceive systems of reservoirs
that would ensure regular water supplies, but it would be extremely costly. In some
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cases, it may be possible to judiciously combine the use of surface water with
groundwater; in this case we must find out how much water can be extracted from the
aquifer and how the stock of groundwater can be replenished. Groundwater used to be
the purest source, but unfortunately there is evidence of aquifers becoming
contaminated with agricultural fertilizers and with pollution in rivers infiltrating
down. But apart from the problems associated with water supply, there is the
important object of minimizing loss of life and property from flooding. The
United Nations is launching the International Decade for Natural Disaster Reduction
and it seems to me that in this context water-related disasters-either floods or
drought-are highly significant. That brings me to the specific matter of providing
more and better information concerning the water balance, flood forecasting, water
quality and so forth. Although there remains much research to be done in these aspects
of hydrology, I am of the opinion that the main emphasis at present should be to put
research results to the best practical use and help authorities reach the right
decisions.

Professor Kaczmarek in conversation with Academician Marchuk on a visit to
Moscow in February 1987. Also present are Dr Orayevski (left) and
Dr Kostriewski, President of the Polish Academy of Sciences

H. T. - As the former director of a hydrometeorological service, perhaps you would like
to say a few words about the links between meteorology and hydrology?
Z.K. -Hydrology is, of course, dependent upon atmospheric factors. The well-known
Russian scientist A. I. Voeikov said a century ago that rivers are the product of climate,
which is true because the two components of the water balance, precipitation and
evaporation/evapotranspiration, depend upon meteorological processes. Therefore it
has always been my view that the two disciplines should be practised in parallel to the
extent of having a joint national Hydrometeorological Service. To model hydrological
processes or establish a correlation between climate and water resources inevitably
requires meteorological data as input. It is also possible and desirable to link the
variability of hydrological phenomena with the variability of meteorological
phenomena. For hydrologists, long-term averages are of limited utility; we attach more
value to seasonal or inter-annual variations and extremes, together with features of the
regional distribution. Most hydrologists realize that they must work in close
collaboration with meteorologists, and there is even evidence of a tendency in the other
direction-it has been said that account must be taken of hydrological processes in
constructing climate models. In any case, neither meteorologists nor hydrologists
should forget the interrelationship that exists between the disciplines.
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Please tell me about the various national and international honours and awards
that you have received. Which means the most to you?

H. T. -

Z.K.- I hesitate to answer the last part of your question. How can one evaluate such
things? I think I have been privileged to receive most of the Polish state decorations,
and each gave me much pleasure for its own particular significance. I hope I really
merited them. It is a mistake to judge someone's work before there is enough hindsight
to place it in the context of its time. Like all who have been so honoured, I think my
fulfillment as a scientist was complete when I was elected a member of the Polish
Academy of Sciences. It was also specially gratifying to know that my contribution to
science was appreciated in other countries; the German Democratic Republic made
me a foreign member of its Academy of Sciences and I was elected honorary member
of the Hungarian Meteorological Society.
H. T. -

Is there any particular event in your professional career that stands out above all

others?
Z.K. - Looking back over my 40 years of activity in science, I have to conclude that
there is not. However, one thing that was very important was attending my first
international gathering of scientists and being reassured that my way of thinking was in
accordance with that which reigned elsewhere. In the national context, probably the
greatest satisfaction came from being part of the group of scientists and professionals
who worked together for three or four years to prepare a plan for water resources
development which was to affect the whole policy of investment in that domain. Never
before had such a comprehensive review of the water resources situation been
undertaken in Poland.
H.T.- You mentioned earlier the United Nation's International Decade for National

Disaster Reduction. Is IIASA involved in this or not?
Z. K. -Before I came here last month I do not think that question had been raised, but
I feel IIASA does have a role to play. I have seen some documents prepared by the
UN Secretariat and frankly I do not think they laid sufficient emphasis on
water-related disasters. So I consider it the hydrologist's duty to convince all concerned
in planning the Decade that droughts, floods and other disasters involving water are as
important as volcanic eruptions, earthquakes and similar natural phenomena.
Certainly CHy at its Geneva session in November 1988 considered that hydrology
should be an important element in the Decade. Anyway, I have proposed that the work
done by the water resources group here should be extended to include activities
directly relevant to the Decade.

My final question is a standard one. What advice would you give to a young
person wondering whether to make hydrology his or her career?

H. T. -

Z.K. - I would point out that hydrology is a natural science that is dependent on a
variety of factors both in other natural sciences (such as meteorology and geology) and
social sciences (such as demography, economy or land-use). Therefore it is essential to
be prepared to approach the subject on a broad front so as to gain insight into the
interplay between hydrology and these other disciplines. In particular, I would stress
the importance of studying in depth the mechanisms by which weather and
climatological elements influence hydrological phenomena so that when one comes to
model these processes it is on the basis of a sound perception.

Professor Kaczmarek, this has been a most interesting and enlightening
interview. Thank you very much, and I hope that the hydrological community and others
will continue to benefit from your experience and wisdom for a long time to come.

H. T. -
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Dr J. P. Kuettner
About four-fifths of the three million inhabitants of the state of Colorado live in the
zone of transition from the Great Plains to the slopes of the Rocky Mountains. Explorers
of Spanish origin coming from the south started to dig for gold and silver, displacing the
indigent Indian tribes. The beginning of the nineteenth century saw a slow immigration
of hunters and trappers from the east, but there was a great surge of prospectors and
followers during the gold rush that started in mid-century. The fever was short-lived, and
by 1890 the mountains were empty again, although a few mining centres survived. The
climate of the transitional zone was found to be congenial, cattle could be raised and,
with irrigation, good crops could be produced. Colorado became the thirty-eighth state of
the Union in 1876, the centenary of the Declaration of Independence.

Dr J. P. Kuettner

Boulder lies hard up against the sandstone foothills of the Rockies about 40 km
north- west of Denver, the state capital. A small mesa to the south of the town was chosen
as the site of the National Center for Atmospheric Research, and the architect who
designed the complex was I. M. Pei, who has won world-wide renown for his attractive
and practical urban reconstruction schemes and for such edifices as the Kennedy Library
at Harvard University, the Fragrant Hill Hotel in Beijing and the new entrance to the
Louvre in Paris. Many eminent meteorologists have collaborated with NCAR, in fact
when Dr Taba went to Boulder in Apri/1989 to interview Dr Joachim Kuettner it was his
third visit for a similar purpose, the other two having been Dr R. M. White and Professor
H. Riehl (WMO Bulletin 30 (1) pp.lS-25 and 35 (4) pp.297-307 respectively).
Joachim Paul Kuettner was born in Breslau in 1909 and spent most of his
childhood there, graduating with a doctorate in law and economics in 1931. A few years
of serving as Referendar in provincial law courts were enough to convince him that his
true vocation lay elsewhere. He was greatly inspired by the works of Alfred Wegener
(scientist and explorer who put forward the Gondwanaland theory of continental drift
and who had just met his death during a scientific expedition on the Greenland ice-cap),
and having recently become a glider pilot, Kuettner decided to reorientate his
professional career towards meteorology. He studied at Darmstadt, Helsinki and
Hamburg and obtained a doctorate in meteorology in 1939 with thefirst description and
explanation of the mountain wave. During the Second World War he was test pilot and
aeronautical engineer, notably of the then largest aircraft in the world, the six-engined
Gigant. After the war he took charge of the observatory on the Zugspitze (2963 m) in the
Bavarian Alps, having the opportunity to study, inter alia, orographic clouds,
atmospheric electricity and the aerobatics of the alpine chough.
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Dr Kuettner's career took a new turn in 1949 when he joined the USA's
Geophysical Research Directorate and became scientific director of the Sierra Wave
Project which relied on both gliders and powered aircraft to investigate the structure and
dynamics of the airflow, and especially lee waves, over the Sierra Nevada (California).
He was also scientific director of the Mount Washington observatory in New Hampshire
on the other side of the country.
Then in 1958 he left meteorology to take up the exciting and challenging task of
organizing the Mercury Project undertaken by NASA 's Marshal! Space Flight Center at
Huntsville (Alabama), the project that culminated in the successful sub-orbital flight by
Alan Shepard on 5 May 1961, the USA'sfirst man in space, although the world premiere
had been achieved one month earlier by the USSR with Yuri Gagarin. Kuettner was then
given the responsibility of integrating the new Apollo spacecraft systems with the
Saturn- V rocket, with a view to manned fights to the moon.
When the initial problems had been overcome and the task became more one of
management, Dr Kuettner felt the need to return to pure science, and meteorology in
particular. He left NASA and, after spending two years as chief scientist of the National
Environmental Satellite Center in Washington, D.C., became director of NOAA
advanced research projects, a position that took him to Boulder. His first field venture
was the USA!Canada Barbados Oceanographic and Meteorological Experiment
(BOMEX) in 1969, and the experience he gained proved invaluable when he was later
appointed scientific director of a series of international projects under the Global
Atmospheric Research Programme sponsored jointly by WMO and ICSU: GATE,
MONEX and ALPEX.
Since the conclusion of ALPEX in 1982, Dr Kuettner has given his attention to
mesoscale research experiments over the USA and adjacent seas. He is convinced of the
needfor detailed investigations of this type to be carried out in other parts of the world in
order to improve the performance of NWP models.
Whereas Dr Kuettner's early scientific work has centred on the airflow over
mountains, he has had papers published on convection, gravity waves, atmospheric
electricity, tropical meteorology and satellite meteorology, and also on aeronautics and
astronautics. He is a Fellow of the American Meteorological Society, the American
Institute of Aeronautics and Astronautics, the Royal Meteorological Society, the Royal
Geographical Society and the International Academy ofAstronautics. Among his awards
and distinctions are the Gold Medal of the Royal Geographical Society, the Lilienthal
Medal of the International Aeronautical Federation (FAI), the Gold Medal of the
US. Department of Commerce, the Cleveland Abbe Award of the AMS, the
Alfred Wegener Medal of the German Meteorological Society and the Julius van Hann
Medal of the Austrian Meteorological Society. For his exploits in gliding, Dr Kuettner
received the Plaque of the Organisation scientifique et technique internationale du vola
voile (OSTIV) and the Tuntland Award of the Soaring Society of America.
Anyone coming into contact with Joachim Kuettner cannot fail to be impressed by
his enthusiastic dedication to the task in hand, his constant desire to open up and follow
new lines of scientific research, and his remarkable organizing ability. Notwithstanding
Dr Kuettner's talents and accomplishments, Dr Taba says that he found him to be
warm-hearted, sincere and unpretentious, and wonderfully fit and active for his age. He
also had the pleasure of taking afternoon tea with Dr and Mrs Kuettner in the elegant
surroundings of their Boulder home.
We are extremely grateful to Dr Kuettner for receiving Dr Taba on 18 April1989
and according him this interview.
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Dr Kuettner, you look so fit that I find it hard to believe that by the time this
interview appears in print you will have celebrated your eightieth birthday. Please will
you start by telling me something about your family background and early education.
H. T. -

J.P.K. - I was born on 9 September 1909 in what was then the German city of
Breslau. Today it is in Poland and has the name of Wroc!aw. My father,
Hermann Kiittner, was well known as a surgeon; he was a professor at the University
of Breslau and also went on humanitarian missions with the German Red Cross.
Rontgen discovered x-rays in 1895 and my father was the first to use x-rays in
medicine when three years later he took an x-ray machine to the scene of fighting
between Turkey and Greece where it proved to be of tremendous value in locating
broken bones as well as bullets and shrapnel lodged in the human body. He wrote up
his experiences in a book and immediately became quite well known although still
barely 30 years old. He headed other Red Cross missions to the Boxer Rebellion in
China and the Boer War in South Africa. So it was hardly surprising that when the
First World War broke out he was appointed senior medical officer for the German
Army and Navy. In spite ofhaving the rank of admiral, he insisted on operating in the
field and was wounded three times. But he hated war; his real love was science. My
mother came from Berlin and was one of the first women to study at a university. She
was a talented musician and accomplished violinist. We were, in fact, quite a musical
family and sometimes gave concerts together. I have childhood memories of famous
musicians coming to stay with us, among them the conductor, Bruno Walter, the
violinist, Bronislaw Huberman and the composer, Erich Korngold.
H. T. -

I suppose you must have some less pleasant memories of the First World

War?
J.P.K. - I remember hearing the cannons of the Russian army as it approached
Breslau, and we fled to Berlin to escape what seemed certain to be a big battle. As
things turned out there was not too much destruction, but when we returned it was to
find our home somewhat deteriorated. We endured a period of extreme
malnutrition.
H.T. -You were very young when you graduated from high school and entered the

University of Breslau. Had you already decided on your future profession?
J.P.K. - I was only 17 when I started at the University and there were all sorts of
subjects that appealed to me. I inherited from my father a great love of nature.
Although we lived so far from the sea, I succeeded in keeping a crab for seven years
that used to follow me like a dog when I took it outside. My mother passed on to me
her love for music, and at one time I even contemplated being a professional pianist. I
was particularly attracted to medicine and I think I would have made a success of it,
but, naive as it may seem, I was deterred by the idea that since my father had made
such a name for himself as a surgeon I would forever be in his shadow. That still left
natural sciences such as astronomy, biology, meteorology and zoology. My interest in
meteorology had been conceived one summer night when for about an hour there was a
brilliant display oflightning from a storm overhead, but never any thunder. I have not
experienced the same phenomenon since then, nor found anything about it in the
literature. While still a schoolboy I set up a weather observatory on the roof of our
house, and one day had the excitement of measuring 70 mm of rain in one hour. I had
some articles on the weather published by the newspaper, and I established contact
with the official observatory. However, in spite of these predilections, I finally decided
to study law and economics.
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H. T. -

Was this for material reasons?

It was equally for maternal reasons. My mother just could not take the
profession of meteorology seriously, and I guess I was persuaded by her to follow a
more conventional line. The courses did not present any great difficulty, and I was the
youngest in the University to obtain the doctorate when I graduated in 1931 at the age
of 21. Then I served as Referendar for a few years, and particularly enjoyed working as
judge's assistant in the small-town courts where the judge had to be involved in
everything; it gave remarkable insight into the way people lived their lives.
Nevertheless, I often found myself looking wistfully out of the courtroom window at
the cumulus clouds, and I became more and more convinced that my real interests lay
up there, especially since I had just started learning to be a glider pilot. My father died
in 1932, and almost his last words were to warn us against supporting
Adolf Hitler-thank goodness he did not live to see his direst prophesies fulfilled
when the Third Reich was created the following year.
J.P.K. -

H. T. -

So you decided to change your profession?

J.P.K. - I t was not an easy decision, but there were several considerations that tipped
the balance in favour of a change. The first was that I found the so-called 'science' of
interpreting human laws most unsatisfying. The natural physical laws were much more
in my line. Secondly, law is a domain that is strictly national; I saw no prospect of
being able to apply my knowledge of German law in any other country. Third, Hitler
had abolished the separation of powers between the executive, legislative and judiciary
branches which had been the basis of constitutional law since the time of the Romans.
Finally, I had certain personal motivations of a political nature for leaving the legal
profession. The decision made, I soon found myself faced with new problems.
Although I had been the best at mathematics in my high school class I had not kept it
up, and I realized that I would have great difficulty in finding my way back. So I took
myself to a small island in the North Sea for three months in 19 3 5 and got to grips with
mathematics.
H. T. -

Where did you choose to go to study meteorology?

J.P.K.- I went to Finland later the same year as instructor at a new gliding school and

was able to make the acquaintance of several famous meteorologists, especially
Professor Vaisala who was director of the Ilmala Observatory near Helsinki. Although
I neither spoke nor understood Finnish, I was able to learn a great deal from him, and
greatly appreciated his friendliness, his wisdom and his modesty. One thing I liked
about Finland was that nobody ever seemed in a hurry and yet they accomplished
things as well or better than we did in Germany at our hectic pace. On my arrival in
Helsinki I discovered that I was supposed to go on a geomagnetic expedition to
Lappland with the Director of the Meteorological Service, Professor J. Keranen, and
that he had already left. My instructions were to take the train and then the bus and
meet him up there. On the bus there was nobody who spoke German or English, and in
what seemed to be the middle of nowhere, the driver stopped and placed my bag on the
road, making it clear that my journey with him was over. Alone on the Arctic Highway,
I was wondering what to do when an old woman emerged from the forest, took my
suitcase and disappeared again. I followed, and she led me to a boat and rowed me
across to where I saw another lady. This turned out to be the wife of Dr E. Sucksdorf,
director of the observatory at Sodankyla. 'They are all in the sauna' she told me. 'Why
don't you get undressed and join them?' 'I'm afraid I haven't a swimsuit'. 'Oh' she
said, 'you don't need one of those'. So I stripped and timidly entered the sauna to find
Professor Keranen, Dr Sucksdorf and another gentleman all as naked as I was. They
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bowed deeply and made the formal introductions. That was one of my first enduring
impressions of Finland.
H. T. -

Did you meet Professor Palmen?

J.P.K.- Palmen often used to come to the Ilmala Observatory. He had a photographic
memory, and on one occasion Dr Vaisala got me to ask him what height the
tropopause had been on 13 November three years earlier, having already checked it up.
After a few moments thought, Palmen gave a figure which was within a couple of
hundred metres of the actual level. Another time there was an air show in which I was
to do aerobatics in my glider. There were some distinguished people there, including
President Swinhuvud and General Mannerheim. One of my specialities was to do a
double loop quite close to the ground; it looked very impressive, but was not in fact
really difficult. Palmen had witnessed my stunt, and afterwards he took me aside
saying that I should not do those manoeuvres, they were far too dangerous. The very
next day poor Erik Palmen had the misfortune to fall, breaking his arm. So when I
visited him in hospital I could not help remarking that walking in town seemed to be
more dangerous than flying a glider. I have some really happy memories of Finland.
H. T. -

How long did you stay there?

J.P.K. - For about a year and a half. I had to think seriously about working for my
doctorate, and because of the high regard I had for Professor P. Raethjen, a theoretical
physicist I consider to have been far ahead of his time, I chose to go to the University
of Hamburg. The phenomenon of the mountain wave had just been discovered by
glider pilots, and I discussed with Raethjen whether I could base my thesis on this
topic. He agreed, and we decided that a suitable site for investigating standing waves
would be Grunau in the Riesengebirge, not far from my birthplace, where there was a
gliding school. The most puzzling thing about the mountain waves was that gliders
could reach enormous heights not on the upwind side but to the lee of the range where
there should be no obvious updraughts. During a gliding contest at Grunau it was
arranged that about 25 participating sailplanes equipped with barographs should make
observations, and we were fortunate in that a good mountain-wave situation occurred
and the flights of these 25 gliders permitted us to depict t)le whole wave field and to
clear up the problem. One day when a huge wave cloud was in evidence I decided to go
up in a small open glider to investigate it. I was towed up into the wave and then
started soaring, keeping in front of the wave cloud in order to fly visually. The glider's
altimeter scale went up to 3000 m and above that level I had no idea of my altitude,
but I kept on climbing because I was curious to know how high the updraught went.
After some time I suddenly realized that I was seeing two suns, that I could not feel my
feet any more and that my fingernails had turned blue. The air temperature was -45'C
and of course I was suffering from lack of oxygen. To make my escape I turned to fly
alongside the wave cloud, and eventually landed at a Polish village a long way from my
starting point.
H. T. -

Did you find out how high you had been?

J.P.K. - I had a thermobarograph attached to a wing of the glider and we calculated
that I had been up to about 7000 m, a world record although it was not recognized as
such. In retrospect it was a risky undertaking without proper clothing and an oxygen
supply, but it was tremendously interesting. I paid a heavy penalty for my escapade
because I was banned from flying, and by now flying was in my blood.
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H. T. -

But I presume you already had enough on which to write your thesis?

J.P.K.- Yes. I got my doctorate under Professor Raethjen on the strength of the first

description oflee waves and an explanation based on a hydrostatic theory*. I was quite
surprised at the stir my paper caused. Professor August Schmauss of the University of
Munich asked me to give a talk, that grand old man Professor Reinhard Stiring visited
me to discuss lenticular clouds and Professor H. von Picker wrote me a nice letter from
Vienna. One day I had a telephone call from Professor Ludwig Prandtl who told me he
had a very talented young mathematician, Dr Lyra, whom he wanted to put forward a
theory of the mountain wave. The main difference in approach was that he based his
theory on the concept of internal waves whereas I, probably wrongly, had used the
concept of discontinuity waves.
H. T. -

I suppose you were drafted for military service in the Second World War?

J.P.K. - The war is a period I have no pleasure in looking back upon. I ended up in
the Luftwa.ffe (air force) and of course my ban on flying was lifted, in fact I got intense
training in flying single- and multi-engined aircraft. My hope was that I could get into
weather reconnaissance where I would not have to kill anybody. This was not possible,
but I became an engineer and test pilot for a succession of firms which I soon left, until
I met Dr Hugo Eckner who was engaged, among other things, in developing what was
then I think the world's largest aeroplane, the Gigant**. Dr Eckner had formerly been
famous as captain of a fleet of airships, or zeppelins as they were called in Germany,
that had carried passengers across the Atlantic and to distant parts of the world. He
was strongly opposed to Hitler and the National Socialist movement. He put me in
charge of flight testing the Gigant, and I had an interesting time and quite a few close
shaves with it.
H. T. -

After the war what did you decide to do?

J.P.K. - Before deciding I wanted to be alone to think. So I went on my bicycle
through the French-occupied zone to Munich in the American zone and asked
Professor Schmauss, who had treated me almost like a son, whether I could go up to his
observatory at the summit of the Zugspitze, at 2963 m the highest point in the
Bavarian Alps. He said 'Yes, please go up and see what has happened to it. Try to
rebuild it if it has been destroyed'.
H. T. -

How long were you up there?

J.P.K. - For three years. It was a tough but wonderful time. For a while we had
electric power for only twelve hours of the day, and since we relied on that for heating,
the temperature in the building very quickly fell below zero. At last I was able to do
some scientific work; as one would expect, lightning frequently struck the summit
during summer, and with the help of some American radio technicians I built a small
instrument that could determine the polarity of the electric field. This led me to write
papers on atmospheric electricity and the precipitation process as it relates to charge
generation. Another thing I studied and wrote about was the flight of birds. I also had

* Zur Entstehung der Fiihnwelle (the origin of lee waves). Beitriige zur Physik der freien
Atmosphiire 25 pp. 251-291 (1939).
** Originally designed by Messerschmitt AG in 1940 as a heavy transport glider to support
the planned invasion of Great Britain, the Gigant was subsequently fitted with six piston engines
to give it greater autonomy. The aircraft had a wing span of 55 m, a wing area of 300 m2 and a
length of 28.5 m. Fully loaded it weighed 45 tonnes. Production ceased in April 1944.
(Willian GREEN: Warplanes oft he Third Reich. MacDonald & Co. London (1970)
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time to devote to music and poetry. One day a huge package arrived for me. Professor
C. F. Brooks ofHarvard University, who was a Quaker, had heard about our situation
and sent furs and blankets that made life much more comfortable. Also at that time I
had a visit from Dr W. B. KJemperer who had emigrated from Germany to the USA
and was now quite well known as an aerodynamicist. He came to ask me about my
experiences as a test pilot during the war, but since he had been one of the pioneers in
gliding, this was what we mostly talked about. He said he was keen to arrange a
research project on mountain waves with the University of California and the
Southern California Soaring Association. I obtained my habilitation with Professor
Schmauss at the University of Munich in 1948 with a paper on mountain clouds, and
soon after received an invitation to go to the USA. It had been one of my prime
ambitions to become a university professor, so this placed me in a dilemma. However,
since gliding was prohibited in the Federal Republic of Germany at that time, I
decided to accept.
H. T. - Strange as it may seem, I understand you met your wife during your spell on the
Zugspitze.
J.P.K. - The circumstances were that the village of Garmisch-Partenkirchen at the
foot of the mountain had not been damaged during the war, so that it attracted many
intellectuals and artists, for example the composers Richard Strauss and Hans Pfitzner
lived there. When I was spending some time off in Garmisch, I went to see a play in
which a talented and beautiful actress from the theatrical school in Munich had a
major role. It was she who became my wife, thereupon giving up a promising career.

During the Sierra Nevada
project in 1954. Left to right:
Professor P. Queney; Professor
J. Bjerknes; Dr Kuettner:
Professor J. Holmboe

H. T. -

So the scene now shifts from Europe to the USA.

J.P.K. -Yes, and my arrival in America in 1949 was a disaster! There was a mix-up
and I was sent to Wright Field which was the aircraft testing centre, even though I had
made it clear that I wanted to have nothing to do with military activities, that my
mission was as atmospheric scientist working for the Geophysics Research Directorate
in Boston. I was told that I could not be paid since I did not belong to the Wright Field
group, and a travel order to Boston could not be made out because nobody had the
authority. I was sitting there at Wright Field for weeks without a penny. When I had to
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buy a pair of trousers, I was warned not to pay cash but to establish my
credit-worthiness by paying in instalments. So I purchased the pants for six dollars,
paying in monthly instalments of one dollar, and my credit-worthiness has never been
questioned since. Eventually my patience was exhausted and I demanded to be
repatriated to the Federal Republic of Germany. That did it, because the very next day
I was sent to Boston where I was warmly greeted by Phil Thompson, head of a GRD
laboratory. 'Wherever have you been?' he asked.
H. T. -

Who else was working at Boston?

There were several interesting people. Heinz Lettau, for instance, Ben
Davidson and Bob White who was taking his doctorate at the Massachusetts Institute
of Technology. However, I found that the GRD was associated with the University of
California in the mountain wave investigation that they called the 'Sierra Wave
Project'. The Sierra Nevada range lies just inland between San Francisco and
Los Angeles, and contains the highest mountain in the USA outside Alaska,
Mount Whitney ( 4419 m). My job was to be field director of the project, and for the
next three years I worked closely with Jorgen Holmboe and Jacob Bjerknes. Taking
part in the operations we had American gliding champions as well as B-29 and B-47 jet
aircraft, altogether an excellent crew. It was extremely interesting, we got excellent
results and I established two world altitude records: 11 500 m for two-seater and
13 000 m for single-seater sailplanes, still the German altitude record. In addition to
the Sierra Wave Project, I was also scientific director of the Mount Washington
Observatory at 1910 m in New Hampshire. Professor Brooks was overall director. Our
work was similar to that on the Zugspitze, namely precipitation processes and
atmospheric electricity.
J.P.K. -

H. T. -

Tell me how you got into the USA's manned spaceflight programme

Wernher von Braun, the famous rocket pioneer, came to the USA from
Germany after the war. I had known him for some time and he had tried to get me to
work with him, but I had never been interested in military missiles. Now he had
become the director of NASA's Mar·shall Space Flight Center, and he telephoned me
one day to ask whether I would like to direct the first manned spaceflight project. He
said they needed someone who knew about aviation and the atmosphere. I accepted,
and went down to Huntsville (Alabama) in 1958. I found a vast establishment with
thousands of people working there. Von Braun gave me a team and told me to work
out a proposal for the first sub-orbital flight. 'I need it in three weeks' he added. So we
worked very hard and had the proposal ready on time. It was called Project Adam, but
was identical with what later came to be known as the Mercury project.

J.P.K. -

The USSR had already successfully launched their unmanned Sputnik-I in
October 1957. Did you feel that the race was on for the first man in space?

H. T. -

J.P.K. -The USA had put Explorer-] up in January 1958 so that we were not far

behind. The main problem for the Americans was that they had miniaturized their
nuclear weapons so that they could be carried by relatively small missiles, whereas the
Russians had not managed to do this and relied on huge and powerful rockets that
could easily propel a manned spacecraft into orbit. We decided to use the much
smaller Jupiter-C rocket. Indeed, it was a race, and a very close-run one when you
think that mankind had been on the Earth for at least a million years, and here were
two separate countries independently taking their first flight into space within a
month. Of course, we never heard about the Soviet Union's successes until after the
event because their activities were kept secret, whereas in the USA the launches were
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announced beforehand. As you will remember, Yuri Gagarin did a circuit of the Earth
on 12 April 1961 so that the Soviet Union had beaten the USA again. This made
President Kennedy decide that our launch should be transmitted live on television. I
was very apprehensive since it seemed a no-win situation: if successful it was only a
sub-orbital lob and less spectacular than the USSR's achievement, and if something
went wrong it would be catastrophic. However, 2000 reporters arrived at
Cape Canaveral to witness the launch on 5 May 1961 and everything went perfectly;
Alan Shepard was picked up by helicopter the same evening and we had a tremendous
party. During the party there was a call from the White House summoning the centre
directors to Washington the next day to discuss the future programme. So the rest of
the night was spent finalizing their proposals, and the result was that Kennedy agreed
to support a manned flight to the moon and Congress accepted it. So the Apollo project
came into being.

Dr Kuettner presents a citation to the USA's
first man in space, Alan B. Shepard (left)
Photo: NASA!Anton Lohner

H. T. -

Your responsibilities were the same as with Mercury?

J.P.K. -Not really. Of course everything was on a much larger scale, the Saturn-V

moon rocket being about 100 times more powerful than the Mercury rocket. My
responsibility was systems integration between the Apollo spacecraft and the Saturn-V
launch vehicle. With the astronaut Frank Barman, who later was the first to
circumnavigate the moon, I chaired the 'Crew Safety Panel'. One of our biggest
problems was to ensure the reliability of the complex vehicle. Critical systems were
duplicated or even triplicated, and we devised means for the astronauts to escape in
the event of an explosion during launch. This was a challenging and interesting task,
but when the design stage was finished Apollo became a monumental management
problem; there were 40000 contractors and a budget of $US20 billion. This sort of
work held little appeal for me, and I told von Braun that I was thinking ofleaving to go
back to being a scientist.

H. T. - I am sure there would be no shortage of possibilities open to you after your
success with NASA. It seems you managed to combine the fields of outer space activities
and meteorology?
J.P.K.- I had to phase out my obligations to NASA, and for a couple of years I served

as chief space scientist with the National Environmental Satellite Centre of what was
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then called the Environmental Sciences Services Administration (ESSA) headed by
Bob White. I had to form a task force drawn from NASA, ESSA and industry to plan
the use of spacecraft as platforms for monitoring the environment. We wrote a book
entitled Man's Environment-Its study from Space. In 1967 ESSA was expanded to
the National Oceanic and Atmospheric Administration (NOAA) and Bob White
appointed me director of advanced research projects, centred here at Boulder. My
responsibilities were varied, including the activities of the research flight facility at
Miami and the weather modification programme in which Joanne Simpson was very
active. An interesting sideline I should like to mention was serving as chairman of a
sub-committee on Unidentified Flying Objects under the aegis of the American
Institute of Aeronautics and Astronautics. UFOs at that time were very much in the
public eye, and we treated the matter seriously and scientifically. From the thousands
of cases reported and investigated, we concluded that there was a very small residue of
highly reliable sightings that were unexplained and deserved scientific investigation.
When I became involved in international projects, I could not remain so closely
involved with the sub-committee, but the topic still fascinates me.
H. T -

I suppose your first international project was under the Global Atmospheric
Research Programme ?

J.P.K. - Yes. But as a lead-up there was the Barbados Oceanographic Meteorological
Experiment (BOMEX) in 1969 that was undertaken by Canada and the United States
to study air-sea interaction. Ben Davidson had designed the experiment, but he died
suddenly from a heart condition and Bob White asked me to take over BOMEX when
it was only six months from the start of the field phase. This meant that I had to fly
twice a week between Boulder and Washington, D.C. for quite a long time. I learnt as
much as possible about air-sea interaction and worked in close collaboration with
Jule Charney, an association that was kept up later in GARP. Charney was then very
interested in the CISK (conditional instability of the second kind) hypothesis as
underlying tropical depressions, and we agreed to add to BOMEX a phase to explore
the large cloud clusters revealed by satellite imagery. About 1500 people descended on
Barbados for the experiment, and every room on the island was full. A major
shortcoming with BOMEX was that we did not know how to handle all the data. It was
a salutary warning for GARP field projects that the data-management problem had to
be given meticulous attention beforehand. While we were in Barbados,
Thor Heyerdahl arrived from Morocco aboard his Egyptian reed boat Ra.
H. T. - Can we go on to your role in the GARP Atlantic Tropical Experiment
of 1974?

J.P.K.- GATE was the first of the GARP field experiments, its main purpose being to
investigate the global atmosphere's tropical heat engine, as exemplified by a sector over
the Atlantic and adjacent parts of Africa and South America. I was appointed director
of the 'International Scientific and Management Group'; to begin with there were
three of us working at the WMO headquarters in Geneva designing the experiment:
Dr Norman Rider of the United Kingdom, Dr lgor Sitnikov of the USSR and myself.
We had excellent support from the WMO Secretary-General, Dr D. A. Davies, and
from the chairman of the Tropical Experiment Board, Dr B. J. Mason, who also made
arrangements for the Scientific Management Group to work at Bracknell during the
latter part of the preparations. About 5000 people from 75 countries took part in one
way or another in GATE, and the spirit of co-operation was splendid. The operations
were rather complex as about 40 ships and numerous aircraft were involved. Whatever
political difficulties may have existed between the Soviet Union and the United States
of America, at the working level there was harmony. We examined atmospheric
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processes on four scales in a spectrum ranging from planetary waves (1000-10000 km)
down to single cumulus (1-1 0 km), giving particular attention to the cloud clusters
(1 00-1000 km). Fifteen years later, research is still going on based on GATE data
which have become regarded as a kind of classical set of tropical data.

Dakar, July 1974 - During the ceremony inaugurating the GARP Atlantic
Tropical Experiment. Left to right: Dr B. J. Mason, Director-General of the
British Meteorological Office; Dr E. Siissenberger, President of the Deutscher
Wetterdienst, Federal Republic of Germany; Dr Kuettner; Dr R. M. White,
Administrator of the National Oceanic and Atmospheric Administration, USA

H. T. -

What was the next project?

J.P.K. - It was the Monsoon Experiment, or MONEX, which was conducted as a
regional project in the framework of the GARP Global Weather Experiment because
the monsoon flows needed to be studied in the context of the global circulation. The
principal monsoons are the northern hemisphere summer monsoon over the Indian
Ocean and the winter monsoon over the South China Sea when bursts of cold air from
Siberia and China penetrate far south towards the Equator and Australia. Our
headquarters for the Winter MONEX was located at Kuala Lumpur at the kind
invitation of the Malaysian Meteorological Service, and we were fortunate in
encountering quite a number of cold surges. For the Summer MONEX our operational
base was first in Saudi Arabia, then in Bombay, finally going to Calcutta to study
disturbances over the Bay of Bengal. Professor T. N. Krishnamurti from the Florida
State University was deeply involved in MONEX, and we had excellent co-operation
with the India Meteorological Department and Dr A. K. Mukherjee, my counterpart
operational director. I believe that MONEX resulted in a much deeper understanding
of the monsoon problem and its global control and feedback.
H. T. - The last of the GARP field programmes was the Alpine Experiment (ALPEX)
on the airflow over mountains. You were cut out to be its director.

J.P.K.- Indeed it was a subject close to my heart, and to Jule Charney's too. The scale
was between synoptic and gravity-wave; lee waves were naturally of great interest.
When we examined the various possible locations, it quickly became clear that the
Alpine massif had most advantages; it was on the right scale and in a region with a
good existing observational infrastructure. We decided that one of our primary
objectives would be the study of cyclogenesis leeward of the Alps, in particular that
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which occurs in the vicinity of the Gulf of Genoa where depressions may develop very
rapidly and are notoriously difficult to predict. Climatological statistics indicated that
the preferred season for this phenomenon was spring, and it was decided to run
ALPEX in March and April 1982. As things turned out, there were ten occasions oflee
cyclogenesis and we obtained some excellent data sets that are being used for research.
I shall take part in a conference at Garmisch-Partenkirchen in June 1989 to learn about
some of the latest results.
H. T. -

What is your role here in NCAR?

J.P.K. - They are very kind to me in NCAR because they give me free rein to do
whatever I like. I do not manage field projects any more, but I am available to give
advice on the basis of my experience. I love being able to do pure scientific research,
and there have been a few recent programmes that are very interesting. For instance,
there was the project GALE in 1986 to study explosive cyclogenesis over the eastern
seaboard. Three geophysical features running in a SW-NE direction seem to be
involved: the Allegheny Mountains, the coastline and the western edge of the
Gulf Stream. The depressions can bring severe blizzards in winter, and that was the
season of the field project. GALE was a success and we have learnt a lot more about
this cyclogenesis; mesoscale processes have been shown to play a large role. Another
interesting project was the Taiwan Atmospheric Mesoscale Experiment (TAMEX)
studying mesoscale features of tropical and subtropical fronts, especially the Mei-yu
front coming from the Chinese mainland and often bringing severe weather. The
mountains of Taiwan also produce their own mesoscale effects. Altogether T AMEX
was a very nice project. Currently preparations are being made for an ambitious
ten-year project, STORM, using all the latest technology to study in detail the
summertime mesoscale weather systems and wintertime frontal systems and
cyclogenesis over western and central USA. It is planned to start in 1992.
You were scientific chairman of the International Scientific and Technical
Organization for Gliding for 30 years. Obviously this is an institution of paramount
interest to you.

H. T. -

It is usually known by the French acronym OSTIV, for Organisation
et technique internationale du vol voile. OSTIV is a body uniting the
world's leading glider pilots with atmospheric scientists interested in small- and
mesoscale dynamics. Every two years a world gliding championship contest is
organized in a different country, and a congress of OSTIV is always arranged in
conjunction with it. But apart from these congresses, there is also an OSTIV panel that
was instrumental in preparing the successful WMO publication Handbook of
meteorological forecasting for soaring flight (WMO- No. 49 5) which has been
translated into several other languages. In 1985, we undertook an expedition with a
motorized glider in the Himalayas. We were based at Pokhara, about 100 km WNW of
Kathmandu in Nepal, to investigate the wind systems over the world's deepest valley,
the Kali Gandaki, and to explore the possibilities of gliding in the Himalayas. It was a
bit hazardous flying up the valley at around 1500 m between Annapurna and
Dhaulagiri, each of which rise to over 8000 m, but it was an unforgettable
experience.

J.P.K. -

a

scient~fique

In retrospect, which of your varied professional assignments gave you the
greatest satisfaction?

H. T. -

J.P.K. - They were all so interesting that it is difficult to single one out on the spur of
the moment. On the whole, I think my work on the international GARP projects was
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the most satisfying. It was always at the forefront of science, one met such interesting
people and found that scientists the world over have the same preoccupations, the
same motivations and the same reactions, and it is easy to communicate. The early
manned space flights were a great challenge, of course, because so many things that
seem commonplace today had to be devised from scratch. One other thing that has
been fascinating to watch during my lifetime is the gradual development of
meteorology from an art to a science.
H. T. -

Is there anything you regret never having done?

J.P.K. - I am sure most people have some unfulfilled wishes because life is too short
to do everything. My greatest regret must be that I never became a university professor,
because I think I had some talent for teaching and I like dealing with the younger
generation. My other main disappointment was not to have been able to work in
medicine or biology as well as in the atmospheric sciences.
H. T. -

Your career in meteorology was certainly a very eventful one. Can you pick out
one or two really unforgettable moments?

J.P.J(. -Near the top of the list I have to place a somewhat dramatic incident when I
was co-pilot of the huge six-engined Gigant during the Second World War. The aircraft

lost its tail and became uncontrollable, getting into an inverted spin at about 7500 m so
that it was almost impossible to get out, although the pilot and I managed to. I decided
not to open my parachute until the machine was well clear of me, and then found to my
discomfort that the handles of my parachute release cord were tangled up in cables
from the intercom and oxygen equipment. While I was struggling desperately with
these encumbrances I remember seeing the Gigant with 20 people still aboard plunge
down on to a village square and explode. Eventually, after a free fall of about 7000 m, I
succeeded in getting the parachute open at about 200 m above the ground, just in time
to make one swing before touching down. Unfortunately my best friend was killed in
this accident. An experience of another kind which will always be with me was being in
the control centre to witness the success of our first manned spaceflight. Yet another
really memorable time was a glider flight I made during the Sierra Wave project. I
climbed up in a lee wave to about 11 000 m and then went cross-country: it was a
serene and magnificent flight of over four hours, always near the tropopause, without
gusts or turbulence, and I came down after dark near the Grand Canyon, 600 km from
my starting point.
H. T. -

Among your various awards and distinctions, which mean the most to you?

I think I should have to place the Gold Medal of the British Royal
Geographical Society first. It is given by the Queen, and one finds oneself in the august
company of explorers like David Livingstone, Robert Scott, Ernest Shackleton,
Edmund Hillary and others. Another award that is specially dear to me is the
Alfred Wegener Medal because he was my idol as explorer, adventurer and scientist; in
fact it was his writings that led me into meteorology. Moreover, it originated in pre-war
Germany, my homeland. Again, I was happy to receive the Lilienthal Medal, because it
is the highest award of the F AI for achievements in soaring flight.

J.P.K. -

H. T. -

What do you consider to be the priority area for future international research
experiments such as those under GARP?

In addition to the current global climate research projects, I favour
widespread studies of the mesoscale atmospheric processes that really carry the active
weather, trying to understand how they fit into the global-scale pattern. I have already
J.P.K. -
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mentioned the STORM project that is under preparation in the USA, and I should like
to see similar experiments under typical climatic regimes elsewhere in the world. It will
be quite costly, but, as the resolution of numerical models becomes better and better,
we need to describe and understand the physics of mesoscale processes in greater
depth.
H. T. -

How do you spend most of your time nowadays?

J.P.K. - I am trying to slow down a bit, though it is not easy. I am still fascinated by
all the scientific problems I see around me. I maintain close contacts with the gliding
community, mostly through advising capable young pilots how to improve their
performance. There is an OSTIV prize carrying my name that will go to the first glider
pilot to make a flight covering 2000 km, and I am sure it will be won before very long
through following new flight techniques that I have been working on. I am also
thinking of writing a book in a more personal vein on some of my experiences.

Finally, what advice would you give to a young person about becoming a
meteorologist?

H. T. -

J.P.K. - I am confident that the atmospheric sciences will become more and more
interdisciplinary, so that I would urge students to get as broad an education as possible,
perhaps including mathematics, chemistry, oceanography, biology and computer
sciences. When it comes to research work, I would encourage the youngsters to have
the courage to try to open up new avenues and not simply to follow established fields,
cleaning up odd details left by other scientists. I agree that this is not such a safe way of
obtaining a degree, but it can be a far more useful, stimulating and ultimately
rewarding endeavour.

Thank you, Dr Kuettner, for giving readers a glimpse of your remarkable
abilities and your diverse accomplishments. I hope that the scientific community will
continue to benefit from your wisdom for many long years.

H. T. -
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Professor F. Kenneth Hare
Oakvil/e lies on the Canadian shore of Lake
Ontario some 30 km south-west of Toronto
where one can look across to the isthmus
through which the Niagara River has cut its
way, forming the world-famous waterfall. lt is
the home of Professor F. Kenneth Hare. But
this time Or Taba did not need to travel there
to meet his eminent interviewee since
Professor Hare was in Geneva during the
1989 session of the WMO Executive Council
to receive the thirty-third /MO Prize (WMO
Bulletin 38 (4) p.353). Like Oakvil/e, Geneva
lies at the western extremity of a lake with an
international boundary running through it, but
the similarity ends there. Lake Ontario has a
surface area of 19 230 km 2 /ying 75 m above
sea-level, compared with the 578 km 2 of Lac
Leman at an altitude of 372 m.
Frederick Kenneth Hare was born in
England in 1919 and obtained a B.Sc. with
first class honours in geography from the
University of London in 1939. He had always
wanted to be a meteorologist, and gained
experience of operational forecasting during
the Second World War. After the war he went
to Canada to join the staff of McGill
University, Montreal, where he quickly made a
name for himself, notably in connection with
studies of the meteorology of the Canadian
arctic, a thesis on which gained him a Ph.D.
from the French-language University of
Montreal in 1950. He rose to become Dean
of the Faculty of Arts and Science at McGill in
1962, then returned to London for about four
years where he was professor of geography
at his alma mater, King's College, and Master
of Birkbeck College.
In 1968 he returned to Canada to take
up the post of President of the University of
British Columbia in Vancouver, but the
following year he accepted an appointment as
professor of geography and physics at the
University of Toronto, also becoming Director
of the Institute for Environmental Studies in
1974 and Provost of Trinity College in 1979.
He retired from the University in 1986 with
the title University Professor Emeritus in
Geography.

Professor F. Kenneth Hare
Photo: Oakville Beaver

Professor Hare served on numerous
commissions, boards and committees
concerned with various problems of the
environment such as acid precipitation,
'nuclear winter', desertification, heavy metals,
nuclear reactors and waste products,
atmospheric ozone, greenhouse gases and
climatic change. His contributions have been
such as to win him honorary doctorates from
no less than nine Canadian universities and
one in Australia. He was made an Officer of
the Order of Canada in 1978 and a
Companion of the same Order in 1987. The
Order of Ontario was bestowed on him in
1989. He won the President's Prize of the
Canadian Branch of the Royal Meteorological
Society in 1961 and 1962, the Paterson
Medal of the Canadian Meteorological and
Oceanographic Society in 1973, the Massey
Medal of the Royal Canadian Geographical
Society in 1974, the Patron's Medal of the
Royal Geographical Society in 1977, the
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Award for Scholarly Distinction in Geography
from the Canadian Association of
Geographers in 19 79, the Royal Society of
Canada's Centenary and Dawson Medals in
1982 and 1987 and the Cullum Medal of the
American Geographical Society in 1987. He
is a fellow of the Royal Society of Canada and
King's College London, and an honorary
fellow of the American Geographical Society,
American Meteorological Society and

Woodsworth College. He served as
Commonwealth Prestige Fellow in New
Zealand in 19 76. The above list of honours is
far from exhaustive.
Professor Hare's collaboration with UNEP
dates from the preparation of documentation
for the United Nations Conference on
Desertification (Nairobi, 1977), and he played
a leading role in preparations for WMO's
World Climate Conference in 1979.

H. T. -- Professor Hare, you received the
thirty-third IMO Prize from the hands of
the President of WMO yesterday, so let
me first express my warm
congratulations. Thank you for agreeing
to be interviewed during your brief stay in
Geneva. You are now Canadian, but I
believe you were born in England?

H. T. -- Please tell readers about your
formal education.
F.K.H. -My father's work moved to London
in 1925, with the result that the family also
moved as far as Slough in
Buckinghamshire, and I went to the
grammar school in nearby Windsor. lt was
not a particularly distinguished or old
school, even though it was in the shadow of
Windsor Castle, the home of the royal
family. lt was run by the Berkshire County
Council, and the headmaster held political
convictions that were a long way to the left
Several of my fellow students became
interested in communism and socialism;
I believe one of them became Editor of the
Daily Worker, the British communist
newspaper. Another became General
Secretary of the Union of Post Office
Engineers, and ended up as a member of
the House of Lords driving a huge
limousine-not exactly what one expects
from a trade union leader. I was not
interested in politics, but I had quite a good
and broad education, learning Latin, for
example, as well as the physics,
mathematics, chemistry and geography
that I was to need in my subsequent career.
Perhaps the most notable thing about my
schooling was that I became ill with an
undiagnosed stomach complaint when I was
12. I left school and took correspondence
courses for three years, leading to the
external entrance examination for the
University of London. I was a real hermit in
those days; I did not know anyone and
I never went out I was worried stiff about
this illness I had. I got over it at the age of
16, although it left me with a proneness to
dysenteric troubles.

F.K.H. - I was born on 5 February 1919 in
Wylye, a tiny Wiltshire village in the middle of
the Salisbury Plain not far from prehistoric
Stonehenge. The house in which I was born,
Court Farm, is still standing; indeed it is now
very luxurious. But I was brought up in a house
at the centre of the village. lt is all still very
much as I remember it, and relatively unspoilt.
The main difference is that when I was a boy
the people were all rather poor, whereas today
the inhabitants are mostly well-to-do people
from the city who have made the dwellings into
country residences, including my old home. My
father was a civil servant in the Ministry of
Pensions. My mother's parents were
successful yeoman farmers, but unfortunately
my grandfather died when I was still a baby,
and my grandmother had to give up the farm.
I grew up very much alone. English society in
those days was still highly stratified and
I suppose it was unthinkable that I should play
with the children of the gentry (had the gentry
had any children), and just as unthinkable that
I should play with the farm children. lt was this
solitariness that gave me my interest in nature.
Fram a very early age I used to wander over
the hills looking at wildlife, seeking birds' eggs,
watching the sky and collecting artifacts-the
whole area was incredibly rich in Roman and
Romano-British coinage and pottery, and later
on my collection went to the museum at
Tollard Royal. I do not know if it is on show.
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H. T. -- You were successful in your
university entrance examinations. Which
subjects did you choose to study?
F'.K.H.- When I entered King's College of the
University of London, my idea was to spend
only one year there so that I would be eligible
to become a meteorological assistant in the
British Meteorological Office. My family was
not well off, and an aunt kindly paid my fees
for that year. However, during the year I
succeeded in winning a scholarship in geology,
which I figured would give me an opportunity
to do something a bit more ambitious than to
become a meteorological assistant. I was well
into the geology course when it was
discovered that I had this tendency to
dysentery, which meant that the company
sponsoring my scholarship would not be able
to employ me since I was to have been sent to
Maracaibo in South America. Therefore
I switched to my subsidiary subject,
geography, and gained a First Class Honours
degree and a graduate fellowship that would
permit me to go just about anywhere. Now the
year before graduating I had got in touch with
Sir David Brunt, newly appointed professor of
meteorology at Imperial College (University of
London), and took some supplementary
mathematics and physics under his direction.
So it was that I emerged in 1939 fully qualified
to embark upon the Master's degree
programme at Imperial College, but then the
Second World War broke out. Brunt's
department was sent to Edinburgh. I had
already registered for the meteorological
branch of the Royal Air Force Volunteer
Reserve, but I was still under the age limit for
military service. I spent the first eighteen
months of the war on social service work,
such as helping to organize an evacuation
centre, and for six months I taught at the
University of Manchester.

H. T. -- In spite of the fact that you
already had some grounding in
meteorology, the Royal Air Force was in
no hurry to enlist your services in that
field?
F.K.H. - lt was a matter of filling in time.
I joined the Meteorological Office in April 1941
and, after a short training course, entered

operational service as a forecaster under
supervision in August. I was allowed to issue
my own forecasts from the spring of 1942.
During the first two years I was with RAF
Bomber Command and Coastal Command.
I came across the Norwegian Haakon Anda, a
remarkably good man originally trained by
Sverre Petterssen. Working with Anda taught
me a great deal about upper-air meteorology.
I was attached to RAF photographic
reconnaissance units based at Benson in
England and Leuchars in Scotland which
needed information on winds up to 10 500 m
and cloud conditions in the upper troposphere.
Eric Kraus was in some ways my mentor;
in later years he became a distinguished
oceanographer and now lives in Boulder (USA).
In the war he proved to be an excellent pilot
and navigator, and flew RAF aircraft over his
native Czechoslovakia, even managing to
photograph his own home. Next I was
assigned to a branch in the Met. Office that
had been given the name 'M09-Invest'. lt was
concerned with planning future military
operations, and therefore cloaked in secrecy.
Charles Durst was the leader of this group,
and he was perhaps the finest man I ever
worked under. He had been a specialist in
balloon meteorology, and when the war started
and airships and balloon navigation were set
aside he was appointed to head M09-Invest.
I enjoyed the work immensely. Durst taught me
a lot about statistics, vector statistics
especially, and also led me into the real core
of dynamic meteorology and the turbulence
theory. He and I were convinced that one could
build up a climatology of the synoptic chart
and I think he coined the term 'synoptic
climatology' in a contribution to the
Compendium of Meteorology published by the
American Meteorological Society. At that time
Tom Malone was a young professor at the
Massachusetts Institute of Technology and
editor of the Compendium. Some time later
Tom decided to try to put this concept into
practice (much as Franz Baur had done
qualitatively in Germany) with the aid of a
computer and the new three-dimensional
techniques of modern statistical and analytical
methods. Edward Lorenz was just then
developing the idea of empirical orthogonal
functions, or eigenvectors as they are now
termed. I was a member of Malone's group,
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which included some celebrated statisticians,
and learnt alii know about representational
statistics from them. But my debt to Charles
Durst is beyond measure. In 1943 there was a
group planning for the air forces of Australia,
Canada, Great Britain and New Zealand to
constitute a joint strike unit (called Tiger Force)
in the Far East theatre of war, and I was
appointed technical adjutant to this group. All
the preparatory work was done in the United
Kingdom, with bases in London, in Lincolnshire
and aboard the aircraft carrier HMS Indefatigable.
I moved between these places and trained a
total of 150 forecasters in the meteorology of
the Far East. I took this opportunity of writing
a doctoral thesis on the atmospheric
circulation over eastern Asia, intending it for
submission to the University of London. lt was
informally reviewed by the two examiners, but
because it used secret data it was classified
TOP SECRET and not to be published. Of course,
after 30 years the restrictions were lifted, but
that was too late for the purpose of my
doctorate! As things turned out, the war ended
before Tiger Force went east, and I was
demobilized at the end of 1945.

governmental circles, and as early as
January 1946 I was asked by the Canadian
Defence Research Board to work with them on
a 'Stormy Weather Project' that had been
created by J. S. Marshal!, professor of physics
at McGill. Stewart Marshal! had acquired a warsurplus radar and installed it at Dorval airport,
but then he had some disagreement with the
military authorities and stopped operating it.
I ran the equipment for most of 1946 and part
of 194 7 until Stewart took over again and built
up the highly successful radar and storm
meteorology group at McGill. Among his
colleagues were W. Hitschfeld, K. L. S. Gunn,
and W. McK. Palmer, as well as Dave Atlas
from the USA. Much of the technology in
modern weather radars was developed by
them. I remember the excitement I felt
watching rain areas moving across a map on a
series of moving films we made from the radar
images; in fact my first post-war paper in
meteorology was on the movement of
precipitation areas. I thought that basically
convective weather systems would move at
the velocity of the wind at the freezing level.
Not too bad a guess for those days.

H. T. -- So at the end of the war you had
your Bachelor's degree and some good
experience in meteorology. Did you
resume your studies at the University of
London?

H. T. -- Did that constitute a thesis
towards a higher degree?

F.K.H. - No. I had started my Master's
degree thesis before the war and it was not in
meteorology but on the terraces of the River
Thames, based on my earlier studies in
geology. That paper was published in its
entirety in 1947*, but the London University
rules required that I present myself in person
to be examined orally by a panel in Senate
House, and I found it impossible to get a
passage from Canada to England because
there were so many people being repatriated
after the war. I already told you about my
doctorate thesis that was disallowed on the
grounds of secrecy. So I had neither a
Master's nor a Doctor's degree although I had
written theses for both which would
undoubtedly have been accepted by the
academic authorities concerned. I decided to

F.K.H. - I had been offered a teaching post
in meteorology by Professor George Kimble at
McGill University in Montreal, and since I had
always wanted to go overseas this seemed
too good an opportunity to miss. My mother
died suddenly in December 1945 and I had to
help my father with the funeral arrangements.
She was buried on 18 December and on
22 December I sailed for Canada aboard the
Queen Elizabeth. George Kimble had been my
opposite number in the Royal Navy during the
war. He had started up a small department at
McGill and was in charge of the observatory,
one of the oldest observing stations in
Canada. I became assistant director of the
observatory and assistant professor in the
geography department. I taught climatology
and meteorology to general students because
there was no meteorology programme as such
in those days. I quickly got to know people in

* Hare, F. K.: The geomorphology of a part of the
Middle Thames. Proceedings of the Geologists'
Association, 58 pp.249-339 (1947).
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go across to register at the French-language
Universite de Montreal and wrote a thesis on
the climate of the eastern Canadian arctic and
sub-arctic. That was how I ultimately gained a
doctorate. In fact it was an excellent thing that
I learnt French; it was of immense benefit to
me in my subsequent career.

H. T. --From 1950 to 1964 your
academic career included appointments
at McGill University as professor of
geography, chairman of the geography
department and Dean of Arts and
Sciences. What were your main activities
during that period?

to the U.S. Air Force, offered me the
custodianship of an Arctic Meteorology
Research Group that had been under Professor
Jacob ('Jack') Bjerknes at the University of
California at Los Angeles, because Jack did
not believe that arctic meteorology was terribly
important and he wanted to get rid of the
group. I accepted, and was director of that
group as well as professor of geography up to

F.K.H. - In 1950 George Kimble was
appointed director of the American
Geographical Society and left McGill. I was
promoted to associate professor and became
acting chairman of the geography department,
and I might mention that this was a very happy
turn of events for me, because the lady who
became my secretary by virtue of that change
is now my wife. The geography department
was small in 1950, just three or four people on
the staff. Although I am a loyal geographer,
you must remember that from the age of four
I had always really wanted to be a
meteorologist and atmospheric scientist.
Therefore I continued to teach some
elementary meteorology. We undertook a
major survey job, namely to draw maps of the
interior of the Labrador peninsula which was a
huge area (almost the size of western Europe)
still blank on the existing maps. But by then
excellent aerial photographs were available,
and so I formed an interdisciplinary team and
we mapped the vegetation, the hydrography
and the surface geology. Another team under
the celebrated geophysicist Tuzo Wilson was
mapping the structurallineations and glacial
deposits, and we joined forces. Our maps are
now in the National Atlas of Canada.

Professor Hare takes part in a panel discussion when he
was Dean of Arts and Science at McGill University in the
early 1960s

Photo: McGi/1 University archives

the time that I became Dean. That meant that
I now had some financial resources with which
to begin work properly in dynamic and synoptic
meteorology, giving emphasis to the high
northern latitudes. My special interest lay in the
circulation at high levels. That dated back to
my wartime service in Scotland when I had to
forecast for high-altitude aircraft and first
learnt about jet streams. But what fascinated
me even more was the stratosphere. In 1952
Richard Scherhag had published his paper
describing the sudden stratospheric warming.
I had also made the acquaintance of Alan
Brewer who had been in charge of a
meteorological research flight and developed
an interest in the ozone layer. So I had several
reasons for wanting to work on problems of
the high atmosphere. In 1955 we began
analysing the stratospheric flow pattern up to
the 25-hPa level (about 25 km) and made

H. T. -- When did you begin to do some
research in meteorology?
F.K.H.- I had remained on very good terms
with Stewart Marshal! and we began to talk
about creating a department of meteorology at
McGill University. In 1954, Harald Sverdrup,
the Norwegian who was then scientific adviser
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cross-sections along the soow meridian
between the North Pole and the Equator. My
colleagues in the high-altitude analysis group
included the present Secretary-General of
WMO, Patrick Obasi, as well as Christopher
Abayomi, First Vice-President of the
Organization from 1979 to 1983. I was terribly
sad to learn of Abayomi's death in February
1986.

H. T. -- When did you first have access to
a computer for your work?
F.K.H. - I managed to persuade the
Government to purchase an IBM-690 for us
which was installed at McGill in 1955. We had
the full co-operation of the Canadian
Meteorological Service: they were analysing
the weather up to 300 hPa and we dealt with
the higher levels. The Service bought time on
our computer and Mike Quizak began work
with barotropic models, initiating numerical
weather prediction in Canada, and I was in at
the birth of high-altitude work in this area. By
this time Stewart Marshall's radar specialist
group had become strong so that we had two
very active research groups in meteorology on
the campus of McGill, but still no department
of meteorology. For administrative purposes
Marshall's group was attached to the physics
department and mine to geography. To cut a
long story short, in 1959 we merged the two
groups to form a department of meteorology
and Marshal! became its chairman. I remained
chairman of the geography department.
Stewart and his colleagues taught physical
meteorology and I taught dynamical
meteorology. The meteorological department
at McGill is now by far the most ambitious of
its kind in Canada, and that was how its
programme began. I must mention two other
colleagues: Svenn Orvig and Byron ('Barney')
Boville. Svenn, a Norwegian, had been another
of Petterssen's students and had flown for RAF
Transport Command during the war. He was
on his way to join the Canadian Meteorological
Service when I intercepted him and prevailed
on him to join a Baffin Island expedition as
second pilot and meteorologist. Barney joined
my group but maintained his connection with
the Meteorological Service. He was an
excellent analyser of cross-sections. In fact,
although he was supposed to be my student it

was he who taught me how to draw crosssections. As well as this study of the high
atmosphere I must tell you that I also did quite
a lot of work in biogeography, something that
most of my meteorological friends do not
know. I have always favoured a close liaison
between meteorology and the biological
sciences as a way of understanding nature.
Bert Bolin's interests are very similar. He went
one way and I the other, but it was the same
sort of convictions that motivated us.

H. T. -- Did you regret losing contact with
the ongoing scientific work when you
were made Dean of the Faculty of Arts
and Science at McGill in 1961?
F.K.H. - I actually welcomed it because it
was a great compliment and a new challenge,
and I was still in my early forties. I knew all the
people in the University with whom I should
have to deal, they obviously wanted me to do
the job, so I accepted. That was the beginning
of my career as a senior academic
administrator. lt was a time of tremendous
expansion; the faculty more than doubled in
the three years that I was Dean. On the other
hand, by 1964 things had become rather
turbulent in Quebec because of separatist
movements. I got more and more fed up with
having to tell people that they could not do this
and could not do that because there was no
money, and that we were unlikely to get any as
an English-speaking institution in a Frenchspeaking province. Because that was how it
looked at the time. The provincial government
was really quite hostile towards us. Then, quite
unexpectedly, I was offered the Chair of
Geography at King's College, London,
following the death of my former mentor,
ProfessorS. W. Wooldridge. Here was another
compliment, and I quite relished the prospect
of a change.
H. T. -- You had been in Canada for
rather more than 18 years, and now you
would be returning to a very different
London from the bomb-shattered
metropolis you left.
F.K.H. - I found London a very pleasant
place to live in and the people were wonderful
to work with. The University of London is a
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federation of more than a dozen colleges
which are virtually independent. At about the
time that we arrived in England in April 1964
with the intention of going to King's, the death
occurred of the Master of Birkbeck College,
Professor John Lockwood. I had been asked to
take part in a public inquiry into the affairs of
Birkbeck which was about to proceed under
the chairmanship of Sir Eric Ashby (now Lord
Ashby), Master of Clare College, Cambridge.
He was about the best-known academic
scientist in the United Kingdom at the time,
really at the pinnacle of the academic
establishment, and I was flattered to be
working with him. Moreover he had a most
engaging personality, and I am pleased to say
he has become a close friend. Well, I had only
been participating in the inquiry for two months
when Birkbeck College itself asked me to be
its Master (the equivalent of president). I took
up this offer, and King's nevertheless retained
me in its Chair of Geography. Now of course
I was quite remote from research in
atmospheric science, but it was a very good
life. I was on good terms with Imperial College
where Peter Sheppard had succeeded
Sir David Brunt as head of the department of
meteorology. I knew Dick Scorer quite well,
and John Mason was doing splendid work in
cloud physics. I even became President of the
Royal Meteorological Society in 196 7.

H. T. -- In 1968 you returned to Canada.
Does this mean you were disillusioned by
academic life in England?
F.K.H. - No, I look back with great affection
on that spell in London. But there was no
doubt about it, I had been a Canadian citizen
since 1951 and I missed the freedom and wide
open spaces out there, and I wanted to see my
old friends again. Therefore, when I was
offered the presidency of the University of
British Columbia in Vancouver, I accepted.
lt was perhaps not very ethical on my part.
Had my sense of duty equalled my nostalgia,
I would have stayed on longer at Birkbeck. The
UBC is the second largest English language
university in Canada, and its setting is one of
great beauty on the tip of Point Grey looking
across the Straits of Georgia to the mountains
of Vancouver Island. Unfortunately, human
relations did not match up to the scenery.

lt was the time of student unrest, though I do
not think our difficulties were as bad as those
at the Simon Fraser University where Patrick
McTaggart-Cowan was president. I quickly got
on good terms with the student body, but
I never seemed able to communicate with the
government of the Province. My counterparts
at Simon Fraser and the University of Victoria
were in the same position. The situation was
intolerable, and the three of us resigned within
a period of two months.

H.T. -·When you left Vancouver in 1969
you had been a senior university
administrator for about eight years, and .
clearly you had not had an easy time of it.
I expect you were ready to go back to
scientific work again.
F.K.H.- Yes, and the University of Toronto at
once offered me a joint professorship in
geography and physics. lt was a very happy
situation; I was not head of any department
and free to develop my research interests
again. I became increasingly convinced that
climate was the central issue in the
atmospheric sciences. In 1972 and 1973
I was lent by the University to the new Federal
Department of the Environment in Ottawa that
had been set up to concentrate the various
environmental interests of the Canadian
Government. My title was director-general of
research co-ordination. lt was a good two
years and I learnt a great deal about how a
government functions. Back at the University
of Toronto, I was appointed director of the
Institute for Environmental Studies which
meant that I had to try to hold together really
quite a large programme on various aspects of
the environmental sciences. I returned to an
earlier interest in arid zones that dated from
the Second World War when I was responsible
for military action programmes on both sides
of the Sahara. Later on, in the 1950s, my
former professor, L. Dudley Stamp, was a
senior official in Unesco working on its arid
zone problem. Surprisingly, Unesco had been
trying to do this with hardly any input from the
meteorological community, and Professor
Stamp asked me to assist by introducing some
realistic meteorological factors. I wrote a quite
detailed paper* explaining why the arid zone
was permanent, shifted only slowly and was
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very sensitive to human disturbance. But
coming back to the 1970s, my major effort
now was to assemble documentation for the
1977 United Nations Conference on
Desertification. That was when I began my
long association with UNEP, whose first
Executive Director, Maurice Strong, was a
personal friend of mine. His successor,
Mostefa Tolba, is a man I greatly admire, and
I must say that this has been a marvellous
connection for me. I think I was able to do a
reasonably useful job for UNEP at that
conference. Of course I also worked closely
with WMO. We began talking about a World
Climate Conference, and I was the chairman of
an informal group that thought this out for the
WMO Secretary General. In 1978 I came to
stay in Geneva for a while to prepare for the
first World Climate Conference with Will Kellogg
and Bob White, work that I enjoyed very much.
I did something that I feel should always be
done before major conferences: I convened a
speakers' meeting some ten months prior to
the conference to rehearse the proceedings.
As luck would have it, I was afflicted with my
intestinal trouble at the time of the conference
itself in February 1979, and had to leave after
presenting my paper on the first day. I had an
economy return ticket to Canada, but Swissair
was so sorry for me that they put me into first
class. I got home on a very cold day to learn
that my wife had just sold our house so that
I had to do business that same evening with
the buyer. But I survived.

H. T. -- I remember the conference very
well because of course I was serving as
the Secretariat focal point. Was it long
before you were on your feet again.
F.K.H. - lt was all of three months. My fiveyear term as Director of the Institute for
Environmental Studies was up in 1979, and
I was all set to go back full-time to the
geography department when I was offered the
post of Provost of Trinity College. Although
part of the University of Toronto, Trinity has its
own charter dating from 1851. There are only
* HARE, F. K.: The causation of the arid zone. In:
A History of Land Use in the Arid Zone, edited by
L. Dudley Stamp. Unesco, Paris (1961) pp.25-30.

Professor Hare (centre) at the opening ceremony of the
World Climate Conference in February 1979
Photo: WMOIBianco

some 1100 students, but they are the best.
The College is so beautiful that we always
used to say that Oxford must have modelled
its colleges on Trinity. There were about
80 fellows, among them Tuzo Wilson of continental drift fame, and Eugene Fairweather, one
of the world's best-known church historians
who was great fun as a colleague.

H. T. -- What were the consequences in
Canada of the launching of the World
Climate Programme, because its success
depended upon the active participation by
each member country?
F.K.H. -Well, I think it should be clear from
what I have said before that Canada was
already at the forefront of countries putting in
place an infrastructure to deal with the various
threats to the environment. At the very
beginning of the 1970s the Meteorological
Service had been renamed the Atmospheric
Environment Service (AES) within the
Department of the Environment. In 1979,
Arthur Collin, a former student of mine at
McGill who was now Assistant Deputy Minister
in charge of the AES, asked me to be
chairman of a Climate Planning Board, which
does not mean that we plan the climate but
rather plan how to respond to future climatic
changes. lt is composed of representatives of
all federal departments whose sphere of
action touches on climate, as well as representatives of the major Canadian provinces. The
Board may not have capital status, but I do
feel it is important that every country has a
national climate programme with some sort of
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policy board concerned with the relevance of
climatic studies to the national economy. On
the Climate Planning Board we endeavour to
see that climatological information and climaterelated research, including numerical weather
prediction and general circulation modelling,
are put to good use in support of national
objectives.

Americans. In point of fact, we found it difficult
to remember who was American and who was
Canadian because scientists do not think in
those terms. lt transpired that two of the seven
American members of the joint panel were in
fact Canadian, and one of the Canadian team
was American. Moreover, the U.S. Academy of
Sciences had set up a group to deal with
atmospheric chemistry, and its chairman,
David Schindler, happened to be a Canadian
civil servant though of American nationality.
Scientists do not give a damn what your
national origins are so long as you are
competent in your field. So I had to appoint a
nominally aii-Canadian eight-member panel, but
as it turned out it comprised a Swede, a Dane,
two Americans and four Canadians. For five
years I was deeply involved in the science
underlying the negotiations between the two
nations, and so was Howard Ferguson, the
current Assistant Deputy Minister heading the
AES, but they still have not been resolved.

H. T. -- You had no difficulty in running
Trinity College at the same time that you
were handling the vast spectrum of
problems that must have come up relating
to the Climate Planning Board?
F.K.H. -None at all. I had absolutely superb
support facilities at Trinity. My assistant,
Margaret Grisdale, more or less took over the
running of my ordinary affairs and, thanks to
her genius for organizing, I was left with lots of
time to do other things. Indeed, as things
turned out I accumulated plenty of other
commitments. I had been a fellow of the Royal
Society of Canada since 1968, and from about
1980 I became involved in several scientific
inquiries on behalf of the Government. These
were carried out through the Society.

H. T. -- Did you have anything to do with
preparing for the Second World Climate
Conference that is scheduled for the end
of 1990?
F.K.H. - I took part in some of the earliest
discussions, but because I had so many other
demands on my time I felt that I should step
aside. I was chairman of the UNEP;WMO/
ICSU Advisory Group on Greenhouse Gases,
I had this acidification business, the Government had asked me to undertake a scientific
review of the nuclear winter phenomena and
another into the problem of lead in gasoline.
Then, following the Chernobyl accident in 1986
I was made Commissioner for Nuclear Safety
by the Province of Ontario. I resigned from my
active university roles and appointed a large
commission of inquiry and an independent
international review panel. I should perhaps
explain that the province of Ontario, which has
an area of more than a million square
kilometres, had 16 nuclear reactors under
construction or in operation. They differ from
the European or American types in that they
use heavy water and natural uranium, not
enriched Uranium 235. If there is an
interruption in the cooling circuit, the power
increases with lightning speed ; you only have
four seconds in which to shut down the

H. T. -- On what subjects were these
inquiries?
F.K.H. -They were all concerned with
environmental hazards. Tom Malone, then
foreign secretary of the U.S. National Academy
of Sciences in Washington, D.C., asked me if
I thought the Royal Society of Canada would
collaborate with them in a study of acid rain
and acid deposition. Strong disagreement then
existed between Canada and the USA as to
who was responsible for acidification and what
the mechanisms were. The President of the
Society agreed, and a joint panel was
constituted. But unfortunately, whereas this
arrangement had been acceptable to President
Carter, it was not so to President Reagan and
his colleagues. They let it be known that they
did not wish this joint committee to function in
the way we had intended. We reluctantly
decided that the only thing to do was to have
separate reviews in each country. The White
House appointed Bill Nierenberg, then director
of the Scripps Institute of Oceanography at La
Jolla, to form a committee made up of
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reactor. In that respect they were like the
Soviet Union's reactors, and it was this that
had given rise to the anxiety about their safety.
But they use heavy water for cooling which
cannot catch fire like the graphite used in the
USSR's reactor at Chernobyl, and they are
very carefully engineered with magnificent
containment systems. After an exhaustive
investigation I had to conclude that the
Canadian reactors are safely operated, and
are rather splendid examples of engineering.
I submitted my report to the Ontario government last April. That was my final major job in
the realm of scientific public inquiries, although
I am still involved in a number of other investigations, some outside Canada, but not as
chairman any more.

about its impending arrival, wanted more
information. But they did not telephone the
Government nor the police nor the hospitals
nor the Air Force; they called up the weather
men. The AES's system for replying to queries
is highly efficient and they could answer the
questions, so that it was apparent to the public
that the weather people had a role to play, not
only in emergency planning but also in tracking
and predicting the displacement of radioactivity in the event of another accident of that
nature. So, on top of its essential role of
weather forecasting for aviation and other
public and commercial sectors, the AES has
become deeply involved in general
environmental problems such as acid rain,
radioactivity and other forms of pollution and
degradation of the environment. This is a
permanent enlargement of its functions.
Although the Canadian Government is currently
retrenching, I am happy to say it continues to
support the work of the AES.

H. T. -- After your work on these different
environmental problems, nobody need
preach to you about the fundamental
importance of the atmospheric sciences
in modern times?

H. T. -- You said that you gave up active
academic work with the universities in
1986, yet I see you are currently
Chancellor of Trent University.

F.K.H. - I am absolutely convinced that the
atmospheric scientist holds the key to
solutions in all these fields and more. For
example, our general circulation models
turned out to be so good that they predicted
the arrival over Canada of the radioactive
cloud from Chernobyl almost precisely after
seven days' transport in the atmosphere.
Incidentally, the Canadian public, alarmed

F.K.H.- You must understand that, when
applied to universities, the term Chancellor is
an idiosyncracy of the English language. In
fact it is the Vice-Chancellor who is responsible
for running the university; the Chancellor's
nomination is honorary, meaning not only that
it is intended as a mark of honour but also that
it is unpaid. So I am only the titular head of
Trent University, the Vice-Chancellor is the real
boss.
H. T. -- I think that covers your
professional career. Now I should like to
hear some reflections by you on certain
themes. Let us start with the notion of
climatology.
F.K.H. -The sense of the word, at least in
English-speaking countries, has been radically
transformed during the past couple of
decades. In other European countries,
particularly here in Switzerland, the study of
climate was seen as an entity. Augustin
de Candolle of Geneva, who founded the
Botanical Gardens, produced a world

In June 1988 Professor Hare addressed the important
conference on the changing atmosphere that took place
in Toronto
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classification of vegetation related to the
climate, an idea subsequently taken up much
more thoroughly by Vladimir Koppen in his
great masterwork Handbuch der Klimato/ogie
that was never finished in his lifetime. Alfred
Wegener, the explorer and original proponent
of the continental drift theory, also thought in
terms of climate. So there is a long tradition,
especially in German-speaking countries and
the Soviet Union, of recognizing that the
problem central to the atmosphere is its longterm behaviour, climate, and not its shortterm state, weather, which is what the
anglophone countries focused upon. They
assimilated the word climatology with the
compilation of statistics; it meant the memory
of past events, and carried no great
intellectual prestige. However, the idea that
climate was the central problem of the
atmospheric sciences was kept alive, and
with the re-emergence of the general
circulation of the atmosphere as the centrepiece of dynamic meteorology came the
realization that climate was the generalized
state of atmospheric behaviour. We have
come full circle back to the position taken by
the early pioneers like de Candolle and
Koppen. This revelation to some extent
coincided with the events of the early 1970s
(the droughts in Africa and the world food
crisis) that focused public attention on climate
as being something that could disturb human
affairs.

deeply concerned with the chemistry of the
atmosphere, and this in turn is intimately
connected with the behaviour of the biota.
For example, the principal process by which
ozone is destroyed in the lower stratosphere is
reactions with oxides of odd-nitrogen, and the
primary source of the odd-nitrogen there is the
diffusion upwards of nitrous oxide (N 20) which,
in the presence of oxygen in the stratosphere,
is rendered into NOx, in other words into
ozone-attacking odd-nitrogen. The nitrous
oxide comes directly from the process of
denitrification by bacteria in the soil which is
absolutely essential to the biota. Therefore,
this biological process in the soil is linked with
the stability of the stratospheric ozone layer
which, in turn, is fundamental to the atmospheric energy balance. So I believe that the
great challenge facing meteorologists is to
make sure that we understand these links with
the Earth's biosphere adequately. We are
already very good at the dynamics of the
atmosphere, but we must master the
chemistry and biology involved in the process.
That is Bolin's view, and I share it. You know,
as well as being chairman of the Climate
Planning Board in Canada, I am also chairman
of the national committee for the International
Geosphere-Biosphere Programme-the Global
Change project-launched by ICSU. I am
perfectly aware that some tension exists
between meteorologists who are frankly
uncomfortable with the breadth of the Global
Change idea and others who see it as
inevitable that we go that way. Personally
I belong to the latter group. We must play our
full role in this larger study, otherwise it will not
be done right. Climate is at the centre of the
Global Change project, and we alone can look
after that component properly. Whether we like
it or not, biologists, geologists and soil
scientists are confronted now with the problem
of environmental deterioration and are already
at work studying these processes. If we do not
bring the World Climate Programme and these
new ideas into some sort of harmonious
relationship, it will be the worse for the Global
Change project. I think meteorologists should
realize that they have the best international
organization there is, bar none. Others may
accuse us of being narrow and conservative,
but they cannot deny that we run world
programmes.

H. T. -- Just now you equated your views
with those of Bert Bolin in the matter of
links between climate and the biota.
Would you care to expand a little on that?
F.K.H. - I am quite sure that climate is very
closely related to the living cover of the Earth,
which again was de Candolle's belief in the
first half of the nineteenth century. But
meteorologists were trained in physics, not in
biology, so that little was done to pursue that
line of thinking. Bert Bolin is a great pioneer in
the modern study of the general structure of
the biosphere, leading him to describe the
carbon cycle and nitrogen cycle which rest on
both biological and physical ideas. The movement of elements through nature is to some
extent determined by the atmospheric
circulation; moreover, modern meteorology is
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H. T. -- Quite a lot of your climate studies
related to the Arctic. Did you consider
this was important to the global regime,
or was it because of its proximity to
Canada?
F.K.H. - My interest stemmed from circumstances surrounding my early years at McGill.
During the war I had had to forecast for flights
over the Norwegian Sea, Iceland, Greenland,
Svalbard and the North Atlantic, and in
Montreal there was this splendid group of
people organizing the Arctic Institute of North
America: Lincoln Washburn and Pat Baird, for
example. The Canadian Government was
sending major expeditions to the north and
I wanted to make the most of these. Some
data for the far north did exist, but nothing had
been done with them, and certainly nothing
touching on dynamic meteorology. I was a
good disciple of Charles Durst and believed
that the general circulation was the key to
understanding the climate of a region, so
I made the circulation over the eastern
Canadian arctic the subject of my doctorate
thesis. One of my students, John Hay (now a
professor in New Zealand), wrote a marvellous
thesis on the energy balance in the north, and
this added to my material for relating vegetation zones to climate. But I would have to
agree with Jack Bjerknes that the circulation
over the Arctic is not important to the rest of
the world. Nevertheless, even the Arctic is
being invaded by airborne aerosol pollutants,
mostly from Europe it seems, and there are no
parts of the Arctic left where traces of lead
from gasoline cannot be found.

H. T. -- Do you consider that the aims of
the first World Climate Conference in
1979 were achieved?
F.K.H. - I would have to give two answers.
To the extent that the conference led to the
formulation and adoption of the World Climate
Programme, yes, it did. But it failed to attract
the people who will be involved in promulgating
and implementing measures to adapt to a
changing climate. So, the part of the
conference that we as meteorologists could
follow up was a resounding succes; the impact
on political and economic thinking was
disappointing.

H. T. -- Would you hazard a guess at the
outcome of the Second World Climate
Conference?
F.K.H. -The problems will certainly be seen
in a different perspective this time. For one
thing, we are much more confident now about
the validity of our model predictions of future
climatic changes. lt begins to look fairly
certain that something is already happening:
an analysis of the record indicates a significant
change in background global temperatures
and precipitation during the past 50 years.
That should make the problem look more
immediate and more realistic than in 1979.
In fact, some heads of state and political
leaders are becoming impressed by the
evidence and concur on the need for action.
But I am less certain that people in industry
and the commercial and economic sectors are
so convinced, and their potential electoral
votes weigh heavily with politicians.
H. T. -- What do you think is the level of
awareness of the public in general about
the climatic change issue?
F.K.H. - I am sure that in the developed
world the public is very much aware, and quite
concerned. Understandably, in those countries
having to deal perpetually with the scourges of
poverty and hunger, the consequences of an
eventual warming of the climate seem much
less pressing than their immediate problems.
But I am amazed at the shift of public opinion
in favour of protecting the environment from
further deterioration, and greatly encouraged
because in the end it is the pressure of public
opinion that will prod governments into action.

H. T. -- I should have liked to have you
talk about desertification, but I am afraid
we are up against space limitations, and
anyway you wrote a useful booklet on this
for World Meteorological Day in 1986*.
Perhaps you would say a few words about
prospects for feeding the world's
population?

* HARE, F. K.: Climate variations, drought and
desertification. WMO-No 653 (1985), 35pp.
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F.K.H. -The planet is currently inhabited by
some five billion people, and agricultural
economists assure us that the physical
possibility exists to feed twice this number. But
I question whether they have taken sufficient
account of the consequences of the changing
climate, particularly the rainfall patterns. When
I am asked what I think will be the impact of
climatic change on food production, my
answer is that I am reasonably sure that the
'shocks' to food supply such as we
experienced in 1972 are going to become
more numerous. The world's food supply
system is already unstable enough to make
these shocks dangerous. That is why I favour
maintaining a broad diversity of genes, not
always going for maximum production but
leaving some room for strains that can
withstand severe conditions, thus allowing
populations to ride out bad years with minimal
dependence on imported foodstuffs.

Their weakest point lies in the manner in which
the reactors are operated, but apart from the
one or two widely publicized mishaps like at
Three-mile Island and Chernobyl where safety
procedures somehow failed, their record has
been quite remarkably good. Far more danger
lurks on the roads and even in the home than
from a nuclear power station. As for the radioactive waste, we have the technology to
overcome all the physical risks in handling and
storing it, but the problem is to allay the
profound psychological fear that still grips the
majority of the general public at the mention of
nuclear energy.

H. T. -- You have received no less than
ten honorary doctorates. How does it feel
to have such honours piled on you?
F.K.H. - i t feels wonderful! I say to my friends
that the older you get the more you like to be
praised. Scientists do not really work for their
pay cheques or for honorary degrees, they
work because they are driven by the urge to
find out, and that is something that people in
other sectors simply do not understand. In the
scientific world, the thing you really value is the
opinion of your colleagues, and these honorary
degrees come from other scientists, from
other humanists and from your own graduates
who want to reward you in this way, and who
do not stand to gain anything from it
themselves.

H. T. -- Would you care to add a few
words on the problem of the tropical rain
forests?
F.K.H. - I am deeply concerned about the
fate of what is left of all the world's forests,
but from the naturalist's point of view rather
than as an atmospheric scientist Not because
deforestation will reduce the oxygen supply
(there is more than enough), but because it
wastes the store of organic carbon at the
Earth's surface. However, my real motive for
opposing massive deforestation is a gut
reaction against destroying anything as
intrinsically magnificent and ecologically
diverse as forests, be they in Amazonia,
Indonesia, British Columbia or anywhere else.
it is not an easy position to defend on moral
grounds: why should not the Brazilians, say,
cut down their forests to further their
agroeconomy and commerce? The Europeans
did it in the past But I maintain that, with good
management, all the hungry mouths can be fed
while still leaving the forests intact.

H. T. -- What advice would you give to a
young person who manifestly wants to
follow in your footsteps?
F.K.H. - I am not sure that I would want
anyone to be just like me, but since you ask
I think I would say this: Never ask a person
why he or she wants something done, just go
ahead and do it if you can (but do not take it
on if you are unqualified). Do not refuse jobs,
and do not ask yourself what there is in it for
you. Be helpful to others and be always
available. Keep in mind your responsibilities
rather than your rights. One other bit of
avuncular advice that is of a completely
different nature, and which may not apply in all
countries but certainly does in Canada: If you
are going to follow an academic career, which
from my own experience I can thoroughly

H. T. -- What are your views on nuclear
power stations and the radioactive waste
from them?
F.K.H. - I regard them as more environmentfriendly than generators burning fossil fuels.
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recommend, remember that university
pensions are dismally low and that it is never
too early to start taking measures to provide
for the financially difficult period after
retirement. I think it is quite wrong that
scientists who have devoted their lives to
research and teaching should be treated so
ungenerously after their usefulness is deemed
to be spent. In my own case I did take the
necessary precautions and now live
comfortably.

H. T. -- Finally, Professor Hare, what are
your principal activities since you retired?
F.K.H.- My life is so full I do not know which
way to turn. I no longer have my splendid
group of helpers in the university, although
I am thankful to have retained my wife who
looks after me in every conceivable way and
even does my typing. But under these
circumstances I cannot undertake any
majorganizing jobs such as the Second World
Climate Conference. I am still able to act as

chairman or member of various committees
so long as there are other people to do the
actual work. I chair the WMO/UNEP/ICSU
Advisory Group on Greenhouse Gases, the
Canadian Climate Planning Board, the Honours
Committee of Trent University of which I am
also Chancellor, a committee involved in
investigating the direct effects on animals and
human beings of the electromagnetic fields
around power lines. As I told you earlier, I have
just been made chairman of the committee for
the Global Change project in Canada, and this
will involve quite a lot of real work. My other
pleasures are gardening and, like Bert Bolin,
singing in a choir.

H. T. -- Professor Hare, thank you for your
fluent and apposite comments on so many
and varied topics. You are now 70, but I hope
and believe the community concerned with
the future of the environment can count on
your wise guidance for many more years.
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Mr Max Kohler
The Weather Service of the United States of
America came into being in 1870 within the
Signal Service of the War Department. it soon
began observing water levels, and studying
relationships between the weather and the
state of rivers. When it became the Weather
Bureau in the Department of Agriculture in
1891, its responsibilities included '... the
display of weather and flood signals for the
benefit of agriculture, commerce and
navigation; the gauging and reporting of
rivers ... ' To begin with, this was limited to
the Mississippi (with its major tributaries) and
the Savannah and Potomac Rivers, but extensive and disastrous floods in 1903 resulted
in a public outcry for better flood-warning
services. By 1911 there were 56 river districts and over 600 river stage and/or
rainfall observing stations.
National development projects continued
to put pressure on the River and Flood Division of the Weather Bureau, and hydrological
activities expanded considerably during the
1930s, particularly following serious flooding
in the north-east of the country. New programmes were introduced, one to estimate
maximum possible precipitation and the
other to set up a nationwide network of
recording raingauges.
Newly graduated from the University of
New Mexico, Mr Max A. Kohler joined the US
Weather Bureau in 1939 as a meteorologist,
but he never got as far as analysing a weather
chart. His university studies in engineering
made him eminently suitable for work on the
p/uviometric network, and he started out as
field inspector in the states of Arizona and
New Mexico, later heading a small office in
Los Angeles. Towards the end of 1941 he
was transferred to Washington, D.C. where
he was engaged in the forecast and warning
service for the Potomac River in time to
witness it attain record-breaking levels in
October 1942. He was then designated
assistant hydrologic engineer and took charge
of the hydrological research programme,
a position he held for more than 20 years.
This was a period of continuous expansion
during which the River and Flood Division
became the Office of Hydrology.

At the international/eve/, the /MO had
created a Hydrological Commission in 1946
which met in Toronto the following year.
However, the First Congress of WMO in 1951
did not maintain it, asking the Commission
for Climatology to see to 'the arrangement
of climatological data in order to meet the
needs of hydrology'. In response to strong

Mr M. A. Kohler

representations from both within and outside
the Organization, Third Congress in 1959
finally agreed to create a Commission for
Hydrological Meteorology (CHM). Early the
following year, Mr Kohler was elected its
president and officiated at the Commission's
first session in Washington, D.C. in 1961.
His expertise had already commended itself
beyond the borders of his home country,
partly through his joint authorship with
Professor R. K. Linsley and J. L. H. Pau/us of
Hydrology for Engineers, a textbook that
quickly became a classic. He went on expert
missions to Yugoslavia in 1953 and subsequently to East Africa in connection with
designing the major UNDPI WMO project to
survey the catchments of Lakes Victoria,
Albert and Kyoga.
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With the International Hydrological Decade
(1965-1974) on the horizon, Fourth Congress
went a step further and agreed that WMO
should collaborate in it. The CHM became the
Commission for Hydrometeoro/ogy (CHy) with
the object of meeting meteorological and
related hydrological requirements in the field of
water resources. Max Koh/er was re-elected
president for a second term at the Commission's session in Warsaw in 1964, and under his
guidance various projects contributing to the
/HO were successfully undertaken, thereby
making a good impression on Congress and
inciting a further strengthening of WMO's role in
the field. The third session of CHy took place in
Geneva in 1968, and recommended an intergovernmental conference of Meteorological and
Hydrological Services which subsequently took

place in 19 71. The positions taken at this
technical conference were such as to convince
Seventh Congress in 1975 that it was justified in
amending the WMO Convention to include
responsibilities in operational hydrology.
Mr Koh/er retired from the National Weather
Service in 1973, but shortly thereafter he found
himself at the United Nations headquarters in
New York drafting documents on behalf of
WMO and Unesco for the UN Water Conference
that took place at Mar del Plata (Argentina) in
March 1977. He was elected to the USA
National Academy for Engineering in 1981 and
was awarded the International Hydrology Prize
in 1986.
We are extremely grateful to Mr Kohler
for taking part in the series of Bulletin
interviews.

H. T. - Mr Kohler, please would you start
by saying something about your parents,
where you were born and your early
years.

service examination in order to work for the
Weather Bureau.

M.A.K. - My maternal grandparents moved
from Pennsylvania to Kansas in 1880, and
some years later my father made the same
journey to marry my mother. I was born in
Lincolnville (Kansas) in 1915. My father, then a
minister in the Evangelical Church, drowned in
a fishing accident in Montana when I was three
years old and my mother was left with four
small children to bring up. I completed high
school at the time of the Great Depression,
when advanced education was only a remote
possibility for most of us, but fortunately an
uncle provided support for one year at college
and I succeeded in making my own way after
that. Estella and I were married while I was at
college, and we celebrated our fiftiethgolden-wedding anniversary earlier this year.
H. T. - What did you do after that year at
college?
M.A.K. - I went to the College of Engineering at
the University of New Mexico where, in return
for giving a physics laboratory course, I was
accorded assistance for my further education.
The Head of the Department convinced me that
I should redirect my studies towards a major in
physics, and I obtained a BS degree in 1939.
A three-hour course in meteorology was sufficient to make me decide to enter for the civil

64

H. T. -What was the structure of the
Weather Bureau at that time?
M.A.K. - Dr Francis Reichelderfer had been
appointed Head of the Weather Bureau by
President Roosevelt in 1938, and he immediately set about reorganizing it. There had been
a River and Flood Division, but that was disbanded and made a special service in the
Synoptic Reports and Forecasts Division.
An eminent hydraulics engineer, Merrill Bernard
(who had headed the River and Flood Division
since 1936), was made Hydrologic Director
with inter-agency and international responsibilities, but with no authority over operational
activities. Ray Linsley, who had been brought in
from the Tennessee Valley Authority, was transferred to Sacramenta with orders to modernize
forecast procedures and promulgate a model
river district in the Central Valley of California.
Hydrological activities in the Weather Bureau
had undergone considerable expansion in the
mid-1930s as a direct result of disastrous
floods in the north-east of the USA. Two very
important programmes were launched, financed largely by the Corps of Engineers: one to
establish a Hydrometeorological Section to
provide estimates of maximum possible
precipitation for design purposes, and the
other to set up a national network of recording
precipitation stations, augmenting the very

sparse network of first-order stations with tippingbucket raingauges.

Survey took over stream-gauging functions
because the Weather Bureau had not seemed
particularly interested in that.

H. T.- Were you yourself already involved
in hydrology in the Weather Bureau?
M.A.K.- I had entered the Bureau as a junior
meteorologist (interne). Incidentally, to the best
of my knowledge I was the only person to be
designated 'interne'. I had fully intended
becoming a weather forecaster, but my
engineering background led to my selection for
a position in the precipitation-recording network
programme, starting as field inspector for New
Mexico and Arizona and later heading a small
office in Los Angeles. Then, near the end of
1941, I was transferred to Washington, D.C. to
help in developing river forecasting procedures
for selected areas of the country, and there
I also became involved in the routine operations
of the Potomac River District. So I never got as
far as being assigned any purely meteorological
duties.

H. T.- What sort of work did you do in the
Bureau?

M.A.K. -My only operational experience was
gained during my first year in Washington, D.C.
when I was directly involved in forecasts and
warnings. In October 1942 the Potomac River
reached its highest level on record in Washington,
and I can assure you it was an exciting time for
someone with such limited experience as I had.
Immediately after the flood I joined the office of
the Hydrologic Director as assistant hydrologic
engineer, and we began developing objective
methods for predicting seasonal water supplies
and introduced a monthly bulletin containing
forecasts for those mountainous areas with
seasonal snowpack accumulation. Activities
continued to expand until the next reorganization in 1946, by which time Dr Reichelderfer
had come to realize that the hydrological
programme could not reasonably be regarded
only as a specialized meteorological service.
That was when the Climatological and Hydrologic Services Division was created with Merrill
Bernard as its chief. He had been vice-president
of the IMO Commission for Hydrology, and had
he not been terminally ill at the time of First
Congress in 1951 our office would have been
represented. After Bernard's death, an independent Office of Hydrology was established under

H. T.- What were the Bureau's
responsibilities in respect of flood
warnings?
M.A.K. -The Bureau had been responsible for
issuing flood warnings ever since its establishment, but by 1941 the river services had been
enlarged to include forecasts of water level and
discharge for purposes of navigation, hydropower and irrigation. However, the US Geological

The first electronic rlood-routeing device in the early 1940s. Lcfi lo rig hi: M. A. Kohler, R. K. Linsley and J. D. Foskell
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Mr W. E. Hiatt who was designated Associate
Director for Hydrology in the National Weather
Service. As for my role, from 1942 I was head
of the hydrologic research programme until
I became Chief Hydrologist in 1965. The research
programme was continually being expanded
during that period and I had auxiliary duties
which presented further challenges. In 1972
I was appointed Associate Director of Hydrology
in the National Weather Service, but retired from
the Federal Service in December the following
year.
H. T.- What had been your contacts with
WMO?
M.A.K. - I was involved in the preparations for
Second Congress in 1955 although I did not
attend it myself. I suppose my first real contact
was when I was on a technical assistance factfinding mission to Yugoslavia in 1953. lt is interesting that WMO was in fact involved in technical
assistance in hydrology long before Congress
had formally agreed to accept such responsibilities.
H. T.- Could you please say something
about the WMO Panel on Water Resources
Development?
M.A.K. -This panel of the Executive Committee was set up in 1955. Its task was to formulate a WMO programme calculated to meet the
needs of the United Nations system, and to
advise the Secretary-General on related matters.

Geneva, March 1958- The second session of the WMO
Panel on Water Resources Development. Left to right:
L. J. Tison; D. A. Davies (WMO Secretary-General);
0. M. Ashford (WMO Secretariat and chairman);
M. E. Ivanov; G. Arlery; M. Gilead; M. A. Kohler

Oliver Ashford was technical secretary and, at
the panel's own wish, its chairman for the first
two sessions. Between sessions the work
consisted in sending circular letters with questions to Members and preparing syntheses of
replies received. Although Second Congress
agreed that WMO should accept responsibility
for those aspects that fell in the common
ground between meteorology and hydrology,
the panel simply could not visualize a meaningful programme within those limitations. lt therefore recommended that WMO assume similar
responsibilities in hydrology as it did in meteorology. At first the Executive Committee strongly
supported this proposal, but when it came to
proposals to amend the Convention to that
effect, some Committee members had second
thoughts. The recommendation ultimately
conveyed to Third Congress (1959) was that
WMO should accept responsibilities in all
aspects of hydrology that involved meteorological considerations. There was no mention of
amending the Convention, but there was general
support for establishing a Commission for
Hydrology. I was invited to serve as chairman of
the panel and conduct the affairs of the new
Commission until such time as a president
should be elected by correspondence.

H. T.-ln fact you yourself were elected
the first president of the Commission for
Hydrological Meteorology in 1960. But
what were the events that had led to this
acceptance of a somewhat expanded role
for WMO in hydrology?
M.A.K. -As well as the Executive Committee's
recommendations, Congress had been presented with a document by the Secretary-General
that discussed external support for expanded
responsibilities. The Administrative Committee
on Co-ordination (which is composed of the
executive heads of the United Nations and
Specialized Agencies) supported a proposal
that WMO should take on responsibility for
elements related to surface water (namely river
stage and flow, lake level, lake and river ice,
glaciers, sediment transport, the flow of
springs, water temperature and water quality).
The non-governmental sector as embodied in
the IUGG General Assembly also thought so.
Indeed, there were no reasons of an external
nature why Third Congress should not have
arranged for the Organization to assume
broader responsibilities and established a
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Commission for Hydrology. But since some
Member countries voiced strong objections,
many of those in favour nevertheless felt that a
compromise must be reached. That compromise was epitomized by the term 'hydrological
meteorology' that begs definition. Fortunately
the terms of reference of the new Commission
included the measurement and study of those
parameters in the hydrological cycle that involve
meteorological considerations, and sanctioned
the application of meteorology to hydrology in
such problems as river-stage forecasting, flood
forecasting and the study of seiches. I say
fortunately, because I cannot imagine how the
Commission could have pursued productive
work otherwise. Even so, there were endless
discussions on the intent of Congress in relation
to most items on the agenda of the first
session.
H. T.- Were you apprehensive about your
role as first president of the Commission
for Hydrological Meteorology?
M.A.K. - I must confess to a degree of apprehension on several counts. I had never been a
member of a technical commission before and
my knowledge of the workings of an international organization was limited, to say the
least. Then there was the ambiguity in our
terms of reference: Were we to limit our
activities to a branch of meteorology, or were
we to treat hydrological matters under a confusing title? What were the implications of working
in areas beyond the intent of Congress? Having
been elected by correspondence, there was not
the usual consensus of Commission members
to assist in making decisions. Until the first
session of the Commission in 1961 I did not
even have a vice-president to call on for ideas
and suggestions.

Washington, Apri/1961 -Professor L. J. Tison (left) with
Mrs Kohl er and Mr Kohler on the occasion of the first session
of the WMO Commission for Hydrological Meteorology

through the director of a sister agency. lt was
unfortunate that many of those in control at the
national level gave little consideration to the
broad question of where hydrology could best
be assigned within the United Nations family.
H. T.- What was your reaction to the call
by many hydrologists in the 1950s for a
specialized UN agency for hydrology?

M.A.K. -There were indeed discussions at
national level in the USA about instituting a
specialized agency for water resources including hydrology, and initially many hydrologists
were in favour. But there was no support at the
highest levels for establishing yet another
organization. Also, the discussions raised many
questions about the delineation of responsibilities. Which agency would operate the networks of precipitation and evaporation measuring stations? Which would issue flood warnings?
Problems of this nature had already been experienced at the national level, and duplication of
effort was not unknown.
H. T.- Who were your principal collaborators in the early days of the Commission
for Hydrological Meteorology?

H. T.- I suppose that not many Member
countries had combined Meteorological
and Hydrological Services in those days?
M.A.K. -Had combined services been the
general rule, there is little doubt that WMO would
have undertaken full responsibility for hydrology
when the Convention was first adopted. As it was,
some directors of Meteorological Services that
did not undertake any hydrological activities
were unwilling to see their role in WMO diminished, and also some directors of Hydrological
Services were probably unwilling to work

M.A.K. -As I just mentioned, I was president
of CHM for more than a year before the first
session in Aprill961, and there was no machinery for an Advisory Working Group as there is
today. I was thankful to be able to discuss matters
with the Secretary-General, Dr D. A. Davies, with
the Chief of the Technical Division, Dr K. Langlo,
and with Mr Ashford, who was the Secretariat
staff member serving as technical secretary to
the Commission. I cannot thank these people
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and others in the Organization enough for the
assistance and guidance they gave me. After
the first session I had the invaluable collaboration of Professor L. J. Tison of Belgium
who had been elected vice-president, and of
the working group chairmen; there was
J. P. Bruce of Canada, W. Friedrich of the
Federal Republic of Germany, E. G. Popov of
the USSR, A. F. Rainbird of Australia and
J. A. Rodier of France. Our main problems
were then concerned with delineating the
scope of our hydrological activities.

Congress in 1971 that the Organization's
scope was expanded to include all aspects
of operational hydrology, and the name
became the Commission for Hydrology.
Seventh Congress finally agreed to amend
the Convention, making one of WMO's
purposes 'To promote activities in
operational hydrology and to further close
co-operation between Meteorological and
Hydrological Services'. I should make it
clear that the motivation for these changes
was stimulated in no small way by the
Technical Conference of Hydrological and
Meteorological Services that took place in
Geneva towards the end of 1970. I was
asked to be chairman, and I think we were
successful in treating a lot of matters of
concern to both types of Service.

H. T.- Why was the name of the Commission for Hydrological Meteorology subsequently changed to Commission for .
Hydrology?
M.A.K. -At the first session, strong dissatisfaction had been expressed at the original
name. Many hydrologists were adamant that,
if they were to accept WMO as their intergovernmental agency for operational hydrology, the name must be changed. Remember
that at this time Unesco was assuming a
leading role with respect to the International
Hydrological Decade (1965-197 4), and many
delegates at the Fourth World Meteorological
Congress in 1963 were very sensitive about
this. Therefore Congress decided to expand
WMO's role somewhat to meet both the
meteorological and hydrological requirements
in respect of water resources and to change
the name to Commission for Hydrometeorology. But it was only at Sixth

H. T.- What was WMO's role in the International Hydrological Decade?

M.A.K. -Considering the limited funds at its
disposal, I think that WMO's contribution to the
IHD was commendable. A total of 60 projects
were successfully completed by WMO during
the Decade, and substantial support was given
to activities of groups of the IHD Co-ordinating
Council. A series of 21 IHD reports was given
wide circulation.
H. T.-1 believe there were some difficulties
concerning the delineation of responsibilities
between WMO and Unesco?

Geneva, May 1961- Presidents of technical commissions n1eet in the WMO headquarters. Left to right: P. M. A. Bourke
(CAgM); M. A. Kohler (CHM); J. A. van Duijen Montijn (CMM); C. C. Boughner (CC!); P. H. Kutschenrenter (CSM);
A. Perlat (CIMO); K. Langlo (WMO Secretariat); R. C. Sutcliffe (CAe)
Photo: WMO/Freddy BertJ·and
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M.A.K. -In early discussions on the IHD we
had more or less assumed that WMO would be
asked to undertake those projects that fell
within its field of responsibility, and there was
no opposition to this at preparatory meetings in
Unesco when programmes were proposed.
The way things turned out, however, was that
Unesco and the IHD Co-ordinating Council had
full control, and established their own groups
with terms of reference encompassing WMO's
sphere of competence. Naturally some jurisdictional problems arose, and so the Executive
Committee set up a panel of experts on the IHD
which met annually to review progress, to
propose projects and to make recommendations on the co-ordination of activities. This
was a most effective mechanism, but inevitably
there was some duplication of effort in spite of
the hours many of us spent in meetings of
different bodies and reviewing their reports.
Nevertheless, relations with Unesco and the IHD
Co-ordinating Council improved as the Decade
progressed; Professor J. Nemec of the WMO
Secretariat and Dr S. Dumitrescu of the Unesco
Secretariat both had a lot to do with this.
H. T.- You finished your two full terms as
president of CHM/CHy in 1968. Who was
your successor?

M.A.K. -lt was Professor E. G. Popov of the
USSR, with Dr J. A. Rodier of France as vicepresident. I remained a member of the Advisory
Working Group and I was head of the US delegation to the fourth session of the Commission
in Buenos Aires in 1972, so I continued to
follow what was going on in CHy until I retired
from the National Weather Service in 1973.
Then I served as special consultant to the WMO
Secretary-General, with the main task of drafting documentation on CHy and WMO's water
resources activities for Seventh Congress, but
I was given various other assignments such as
attending the typhoon conference in Sri Lanka,
the End-of-Decade conference and a session of
the IHD Co-ordinating Council in Paris.
H. T.- This brings us to the United Nations
Water Conference at Mar del Plata in
1977
M.A.K. - WMO and Unesco both had to
prepare documentation for the conference, and
I spent some months at the UN headquarters in
New York for that purpose. However, because

of other commitments I could not attend the
conference, although several recommendations
adopted at Mar del Plata were of direct concern
to WMO and CHy.

H. T.- The Hydrological Operational Multipurpose Sub-programme has become a
key element of WMO's Operational Hydrology Programme and a blueprint for application in other programmes. Although it
was introduced only after you had retired,
did you take any part in its conception?
M.A.K. -lt was proposed at the fifth session
of CHy in Ottawa in 1976. No, I took no part in
those discussions or in developing the scheme,
but HOMS has certainly proved highly effective
in transferring methods and technologies between Hydrological Services, and I believe it is
of great benefit to developing countries.
H. T.- What are your views on present day
meteorological products used for
hydrological purposes?

M.A.K. -Throughout most of my career it has
been my primary concern to improve the accuracy and timeliness of forecasts of river flow
and water supply and flood warnings, and
I think that demonstrable progress has been
made over the years. Hydrological models are
tremendously valuable for these purposes and
are constantly being improved. But rainfall data
are the crucial input for the models, and more
reliable and more timely information on the
areal distribution of rainfall would further reduce
forecast errors. However, developments in
applying weather radar for this purpose seem
to be rather disappointing, and I think I am right
in saying that meteorologists are as dissatisfied
as hydrologists with the very modest progress
achieved in precipitation forecasts.
H. T.- Do you think that hydrologists are
properly equipped to play their part in the
environmental problems that face the world
today?
M.A.K. -The main question this raises is water
quality, and it is a relatively new field of hydrology,
but one that is certainly assuming high priority in
national Services. I have not been very much
involved in this field, and therefore hesitate to go
into a detailed answer to your question. If the
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necessary funds are available, a network of
streamflow-measuring stations could analyse
samples for selected pollutants, and models
have been quite successful in predicting the
evolution of certain water quality elements in the
environment. But the number of substances that
give rise to pollution concern is increasing day by
day, and I feel that hydrologists' responses to
problems in this very specialized field of
environmental science will depend on how much
research we have been able to do.

H. T.- Can the main hydrological variables
be measured with the precision required by
today's users of such information?
M.A.K. -No. A case in point is discharge
measurement. Although flow velocity can be
measured with sufficient accuracy, these values
then have to be integrated over the crosssectional area in order to calculate the discharge,
and this presents problems that are too technical
to go into here. Discharge cannot be measured
frequently for reasons of cost, and so continuous
discharge records are only possible by establishing a correlation between discharge and
stage, and this relationship may be stable in
some channels but not in others. The problem is
aggravated when it becomes necessary to extrapolate for water levels at which there are no
associated discharge measurements.
H. T.- Perhaps you would say something
about the technical co-operation missions
you undertook. You said earlier that you
went to Yugoslavia in 1953.
M.A.K. -Most of the hydrological stations on
rivers in Yugoslavia had been located at bridges,
and during the Second World War many of these
bridges were destroyed and the hydrometric
equipment with them. At the time of my visit,
much of the hydrological staff's effort was
directed at reconstructing the station network
and deriving new stage-discharge correlations.
Forecasting procedures were still largely the
same as before the war. The purpose of my
mission was to advise on action to take in order
to improve hydrological services, and I gave a
series of lectures. Then, in 1962 I headed a
three-man WMO/FAO mission to East Africa to
prepare a proposal for a comprehensive survey
of the Lake Victoria catchment. This ended up as
a five-year UNDP/WMO project that began in

August 1967 and covered Lakes Albert and
Kyoga as well, involving Egypt, Kenya, the United
Republic of Tanzania, Sudan and Uganda. I gave
a lecture on evaporation and evapotranspiration
at a seminar on the project in 1972, and was
able to discuss technical problems with project
staff.
H.T.-Are you satisfied with WMO's role in
hydrology as it is now?

M.A.K. -My views on the role of WMO are still
the same as those voiced by the Panel on Water
Resources Development back in 1956, namely
that WMO should have the same responsibilities
in hydrology as it has in meteorology, because
the two sciences have so much in common and it
is difficult to place any logical boundary between
them. There has been slow but continuous
progress in this direction, but most directors of
Hydrological Services feel they should have more
say in the running of the Organization, and some
object to the fact that they are barred from being
designated permanent representative. I am
resigned to the fact that the problems in making
the necessary changes to the name of the
Organization and the Convention are such that
the equal status we seek is not likely to be
achieved in my lifetime.
H. T.- At the Second Scientific Assembly of
the International Association of Hydrological
Sciences in Budapest in 1986 you were
awarded the International Hydrology Prize.
Can you name some of the other laureates
before and since?
M.A.K. -The Prize was conceived by IAHS and
has the support of WMO and Unesco. lt has been
awarded each year since 1981 in recognition of
outstanding contributions to the science in an
international context. NationaiiAHS committees
make nominations, and the winner is selected by
a committee consisting of the president, first and
second vice-presidents of IAHS and representatives of WMO and Unesco. The first Prize went
to L. J. Tison (Belgium), the second was awarded
jointly to W. B. Langbein (USA) and V. Korzun
(USSR), the third to J. C. I. Dooge (Ireland), the
fourth to A. Volker (Netherlands), the fifth to
J. A. Rodier (France), the sixth to me, the seventh
to V. Yevjevich (USA), the eighth jointly to
S. Dumitrescu and J. Nemec, and the ninth to
J. E. Nash (Ireland).
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H. T.- With R. K. Linsley and J. L. H. Paulus
you wrote Applied Hydrology, one of the
classic textbooks in the field. If you were
still in the Office of Hydrology, would you
relish embarking on another?

the new State Department building in
Washington, D.C. To be chairman of an intergovernmental gathering in such splendid and
beautiful surroundings was a new and truly
memorable experience.

M.A.K. -The book you refer to was published
by McGraw-Hill in 1949. lt was followed in 1958
by Hydrology for Engineers which subsequently
came out in second and third editions in 1975
and 1982. There may be a fourth, but I shall not
take part in its preparation. I know from experience that each succeeding edition takes more
and more time because of the ever-increasing
volume of literature that must be studied, and
I have not been involved in the subject matter
since 1982. Even if I were still in the Office of
Hydrology, I am not sure that I would have the
energy to combine a full-time job with writing a
book. lt would cut down on the time available for
travelling and other things that my wife and
I enjoy doing. I am pleased to say that Professor
Linsley is still active in the field of hydrology, but
we were very sad to learn of the death of
Mr Paulus only a few weeks ago.

On the occasion of Mr Kohler's retirement from the US
Weather Service in 1973. Left to right: Dr G. P. Cressman;
Mr Kohler; Dr F. W. Reichelderfer; Dr R. M. White

H. T.- Finally, Mr Kohler, what would be
your advice to a young person who is
contemplating taking up hydrology as a
profe.ssion?
M.A.K. - I would strongly recommend anyone
considering a career in hydrology to obtain an
advanced degree in hydrology, or in civil engineering, depending on the type of employment
preferred. Times have changed since I took my BS
50 years ago; then it was difficult to find a threehour course in hydrology, let alone come by the
funds for an advanced course. Frankly, I know of
nobody who attended university in those days with
the intention of becoming a hydrologist.

H. T.- How do you spend your time these
days?
M.A.K.- Estella and I both seem to keep very
busy, but as the years go by it seems increasingly difficult to account for our activities.
We enjoy doing things with our three children and
their families, we usually take several long trips
in the car each year and one trip abroad. We get
a lot of exercise from going on long walks. Our
activities also include golf and bridge. I have
always liked gardening and doing woodwork and
other jobs around the house. Nevertheless, I still
read some of the technical journals and attend
the occasional scientific meeting when my busy
schedule permits.

H. T.-1 am really most grateful to you,
Mr Kohler, for answering my questions so
concisely and lucidly. Thank you very much,
and I hope that you and your wife will
continue to enjoy your present phase of
active retirement for many years to come,
and that you will have frequent occasion to
pass on the fruits of your experience to
younger generations of hydrologists.

H. T.-ls there an event in your professional
life that stands out above all others?
M.A.K. -That would have to be the first session
of the Commission for Hydrological Meteorology
which happened to be the first meeting to take
place in the international conference facilities of
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Professor P. Koteswaram
lt is said that to visit the state of Andhra Pradesh
is to tour India in miniature. lt contains a
synthesis of the diverse Indian cultures, it is
rich in minerals and has many important
industries. The state has a total area of
276 754 km 2 extending across the greater
part of the Deccan plateau and embracing the
waters of the Bay of Bengal. Its population
grew from 43.5 million in 1971 to 53.5 million
in 1981, and constitutes about eight per cent
of India's total. Incidentally, the estimated
population density in 1988 was over 242 per
square kilometre.
Vishakhapatnam is one of the most important cities on the eastern coast of India with a
population of approximately 600 000.
According to legend, a certain king chose the
site to build a monument to his favoured deity,
Vaisakha. The monument has long disappeared,
but the name remains. Of particular interest
are the Hindustan shipyard, the Dolphin's Nose
lighthouse and Andhra University which was
founded in 1929. This has now become one of
the nation's foremost, with five law colleges,
ten colleges of education, two of engineering,
medicine and music, one of nursing and
27 degree colleges.
As long ago as 1948 the university initiated a two-year M.Sc. course in meteorology
and was thus only the fourth in the world to
offer degree-level training in the subject, the
others being Imperial College London, the
Massachusetts Institute of Technology and the
University of Chicago. In 1954 the course was
extended by one year to include oceanography
as well, but from 19 74 separate two-year
courses have been run in each discipline.
A new 18-month MTech course for M.Sc.
graduates was introduced in 1988. The
Department of Meteorology and Oceanography
currently has no fewer than 18 professors and
lecturers.
Or H. Taba visited Andhra University early
in December 1989 in order to interview
Professor P. Koteswaram.
Pancheti Koteswaram was born at Ne/lore
in 1915. His education rather resembled that
of the late Professor K. R. Ramanatl1an (see
WMO Bulletin 32 (1) pp.3-14). He went as

research associate to the University of Chicago
in the mid-1950s where he worked with
Professor Herbert Riehl (see WMO Bulletin 35
(4) pp.297-307), and spent some months
the University of Hawaii and at the National
Hurricane Research Laboratory in Florida. He
was appointed Director-General of Observatories

at

Professor P. Kotc~wnram

and Permanent Representative of India with
WMO in 1969 and was immediately elected
member of the Executive Committee, also
serving as Third Vice-President from 1971
until his retirement in 19 75. He then joined the
UNDP/WMO project in Iran for three years.
Apart from the pleasure of talking to his
old friend once again, Or Taba enjoyed meeting
Professor Koteswaram's wife, children and
grandchildren at elegant afternoon tea and
refreshments.
We are very grateful to Professor
Koteswaram for agreeing to be interviewed for
the WMO Bulletin.
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H. T. - lt is good to see you again after so
many years, Or Koteswaram, and thank
you for the invitation to interview you
here. Please would you begin by saying
something about your family and early
years.

P.K. - lt is a great pleasure to welcome you
here. Well, I was born in the east coast town of
Nellore on 25 March 1915 in the former huge
state of Madras. Madras was subsequently
split into four, and Nellore is now in the south
of the state of Andhra Pradesh, about 160 km
north of Madras city. Unfortunately my father
died when I was only four months old, and in
accordance with Hindu custom my mother
never remarried, although she was only in her
teens. I was her only child. So we were taken
in by my maternal grandparents, where the
nearest in age to me in the household was an
uncle about 13 years older. He was not of a
studious nature and left school quite early to
go into a modest job somewhere. I started
school at the usual age of five, and, in spite of
my family circumstances that were hardly
conducive to intellectual prowess, I was lucky
enough to be unusually bright. In the early
years my mother did all she could to coach
me, but of course her own level of education
was not very high. So I was very much on my
own. My teacher found that I was far ahead of
my classmates in my first year at primary
school so I was able to skip an entire year, and
in fact won a government scholarship that was
financially a great help throughout my whole
period of education, and helped to overcome
the added hurdle of being from a rather backward caste compared with my fellow students.
Looking back over that time, I cannot help
feeling surprised that I was so regularly top of
the class. When I was in the twelfth standard
I even won the gold medal of Andhra University, meaning that I was top of all the junior
colleges in districts affiliated to the University.
But there was an event in 1927 when I was
twelve that left an indelible impression on me
and probably determined my future career.

nature unleashed that day. Much of Nellore was
destroyed, but by a stroke of good fortune our
house was somewhat less damaged than most.
That cyclone turned out to have been one of
the most intense this century; since the eye
passed over us there was a record of the central pressure to bear this out. I was profoundly
impressed by the destruction that an atmospheric phenomenon could wreak, and in later
years was all the more motivated to apply our
growing knowledge of meteorology to protecting mankind from the weather's excesses.

H. T. - When you came top In your last
year at junior college, what possibilities
were open to you for further study?
P.K.- There was nowhere to pursue advanced
studies in Nellore; I had to go to Madras with
its state university. On the strength of my
scholastic performance I got a place at the
prestigious Presidency College in 1931 and
took an honours degree course with physics as
my main subject, gaining my B.Sc. (Hons)
in 1934. lt was necessary for me to find a job,
so I became a demonstrator in physics for
B.Sc.-level classes, first at Guntur, then at the
University College of Science and Technology
at Vishakhapatnam, and later at the Hindu
College of Machilipatnam. I took advantage of
the available facilities to start some research
into the scattering of light, and in particular the
then recently discovered Raman effect which
the late Professor Ramanathan spoke about in
his interview with you. I obtained a D.Sc. from
the University of Madras on the strength of my
work on molecular association in liquids, and
had a dozen other papers published in this
field, both in Indian and foreign journals.
H. T. - lt is remarkable how closely your
career so far followed that of Professor
Ramanathan some 15 years earlier. When
did you join the Meteorological Service?

P.K. - In 1940 I saw an announcement of
three vacancies in the India Meteorologic<;ll
Department as assistant meteorologist. India in
those days included the territories that are now
Pakistan and Bangladesh, and, since the
vacant posts were in the civil service, one had
to be attributed to a Muslim and one to the
group of minority religions. This left only one
possibility for a Hindu like myself, but luckily

H. T. - What was that event?

P.K. An intense tropical cyclone crossed
right over the town of Nellore. At that time
I had no idea what a cyclone was, but l still
remember vividly seeing the violent forces that
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H. T. - Not long after the end of the war,
India and Pakistan became independent
states. Did this have any direct implications
on the way the Department was run?

I was chosen for it. I remember that in this
batch of recruits was Dr I. H. Usmani; he later
became head of the Pakistan Atomic Energy
Agency. There was also S. N. Naqvi and
M. Samiullah who each became Director-General
of the Pakistan Meteorological Department.

P.K.- One positive consequence was that
Pandit Nehru, our first Prime Minister, wanted
to promote science and technology in accord·
ance with his vision of a modernized India.
Otherwise things might have been much more
difficult for the Department. I was posted again
from Delhi to Bombay, but I consider that
meteorologists need to move around a lot in
order to experience the different ways the
weather behaves in different places. In 1949
we received a circular from headquarters
telling us of an inquiry about jet streams over
India. A year or two earlier, the polar jet stream
had been identified by Rossby, Palm€m and
others at the University of Chicago, and
Sir Frank Whittle, developer of the aircraft jet
engine, had taken an interest in the phenomenon and initiated the inquiry into the existence
of jet streams over subtropical latitudes. Now
all our data on upper winds had been obtained
by the old method of tracking pilot balloons by
theodolite-there was no rawin equipmentand the PIBAL records had not shown up anything
in the nature of a jet stream. Thus an answer
had been given that there was no evidence of a
jet stream over India. I was not convinced that
this was the correct conclusion, for one thing
because the pilot balloon would probably no
longer be visible from the point of launching if
and when it entered a jet stream. We were just
starting to make regular radiosonde ascents at
this time, and from the geopotential heights it
was possible to deduce geostrophic winds, and
these indicated that there was indeed a subtropical jet in the vicinity of latitude 27°N at a
height of about 12 km. To the north the polar·
front jet could also be distinguished. I published
my findings in the Indian Journal of Meteorology and Geophysics in 1953.

H. T. - The chief of the India Meteoro·
logical Department must still have been
Sir Charles Normand at that time. Did you
work directly under him?
P.K.- No. My first posting was to Calcutta
where I worked under Dr Sushil Pramanik who
was later the first WMO expert in Iran until his
death in 195 7, Our task was primarily to issue
warnings about tropical cyclones in the Bay of
Bengal and to supply forecasts for aviation.
lt involved shift work covering 24 hours a day,
of course, and, because the Second World War
was in progress, a large part of our work was
making forecasts for flights by aircraft of the
British Royal Air Force. I had graduated in
physics, and since there was no university in
India (nor in most other countries) that offered
courses in meteorology, much of my further
study in the discipline was in the context of the
job we were doing. One big problem (which,
incidentally, has still not yet been properly
solved) was the severe summer storms that
occur over north-eastern India, including the
area that is now Bangladesh. We called them
'nor'wester' storms and quite a number of RAF
aircraft crashed as a result of them. The IMD
organized a campaign to investigate the nor'westers, but the only resources available were
pilot balloons, some extra upper-air sounding
ascents and a network of untrained voluntary
observers such as schoolteachers. Well, the
data were collected and analysed by senior
officers in the IMD, but nothing came of it. The
current belief was that the storms were just the
haphazard result of convection. I decided to
look at some of those charts, and noticed that
squall-lines tended to be generated that might
move from the north-west, north, north-east or
east. At about that time I was transferred to the
meteorological centre in Delhi, and 1 gave a talk
on my findings to the officer commanding the
RAF contingent. Sir Charles Normand asked me
to write it up as guidance for forecasters, and
it appeared as an IMD technical note. That was
my first published paper in meteorology.

H. T. - Did this arouse interest among
your colleagues?

P.K. -Not just among my colleagues. What was
more important was that it came to the atten·
tion of Rossby and Riehl at the University of
Chicago, and I was invited to go there as visit·
ing research assistant, their first from India.
So my first assignment abroad was to work for
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a year in 1955/56 at the University of Chicago,
devoting my attention to the easterly tropical
jet which I was now able to analyse on a quasiglobal scale. I found that it was a constant
feature between the East China Sea and the
Atlantic, being strongest over the Indian peninsula. At Rossby's request I submitted my paper
to Tellus and it was published in 1958.
H. T. - Knowing the importance of the mon·
soon to the people of India, I am sure you
also did some research into the related
circulation?

P.K. - lt became clear to me that the summer
monsoon was a manifestation of much more
than a circulation peculiar to the Indian subcontinent. At a conference that I convened in Delhi
I put forward the theory that in summer the
thermal equator was transferred to the region
of the Tibetan plateau, this being the principal
heat source, so that in fact there is a reverse
Hadley cell that produces the south-westerly
monsoon flow. Well, that seemed good enough
in theory, but how were we to prove it when we
had no data from either the ocean or Tibet?
Just then the Americans let us know that they
were arranging a large-scale experiment in the

Indian Ocean with the participation of oceanographic research vessels. They had first addressed themselves to Professor Ramanathan
who was director of the Physical Research
Laboratory at Ahmedabad, but he referred
them to the Director-General of Observatories,
P. R. Krishna Rao, because although there was
then virtually no oceanography going on in
India, the Meteorological Department was
already interested in ocean-atmosphere
interactions. Naturally we jumped at the chance
of having oceanographic ships around that
could also serve as surface and upper-air
meteorological observing platforms. Mr Nehru
set up an Indian National Committee for
Oceanic Research and all the countries bordering the Indian Ocean were invited to augment
their meteorological observing programmes as
much as they could. So it was that meteorology rather belatedly became part of the
International Indian Ocean Expedition (IIOEl that
took place from 1960 to 1964 sponsored by
the ICSU Scientific Committee for Oceanic
Research. As director of aviation services in
the IMD I had set up extended analysis and
prognosis centres at Bombay, Calcutta, Madras
and New Delhi. Actually, the WMO Commission
for Synoptic Meteorology (as it was then called)

Signing an agrc~mcnt with the USSR for the instalhuion of an RH link between Moscow
and New Delhi. Seawd, left to right: Dr P. Subharayan, Minister of Transpott and Communications; His Excellency
Mr I. A. Benediktov, Soviet Ambassador to India; MrS. Basu, president of the Regional Association for Asia;
Mr P. R. Krishna Rao. Director-General of Observatories. Dr Kotcswaram, then director of aviation servlces, stands
behind the Ambassador

,\,·H· Delhi. Ocloher !I.J5CJ

Photo: Press lnj(!rnwtion Bureau. Nt•w Delhi
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Observatory eompound, Bombay. On the roof to the right is seen the APT reception antenna given by the USA
Photo: WMO

had held its second session in New Delhi early in
1958, and one of its main recommendations
had been to set up a network of five dataexchange centres for the northern hemisphere:
Moscow, New Delhi, Tokyo, New York and
Frankfurt. These circuits were the first filaments
of what became the Main Telecommunication Network of the World Weather Watch covering the
entire globe. Since we were getting all these data
at Delhi, the obvious thing to do was to establish
a northern hemisphere analysis centre, and this
turned out to be useful in support of the IIOE,
although the actual international analysis centre
had to be on the coast, Bombay being chosen
for this purpose.

among the criteria for his classification system.

H. T. - Did you have a computer to help
with data from the IIOE?
P.l<.. -All we had in the IMD was hollerith mechanical equipment. There was a first-generation
computer using therm ionic valves at the Tata
Institute of Further Research in Bombay, but it
was a clumsy affair that required a big cooling
system. Luckily, IBM came up with a secondgeneration transistorized computer just at that
time, and I was asked to go to see one in
operation at the University of California at
Los Angeles. I was impressed by it, and
Professor Ramage agreed that it was what was
needed, and so the only problem was finding the
funds to buy one. Ramage and I then went to
the United Nations headquarters in New York
and called on those responsible for the UN
Special Fund (which was intended for large-scale
long-term projects that might cost up to one
million US dollars). They agreed to put up the
money, but pointed out that the Special Fund
conditions stipulated that the cash had to be
channelled through WMO as the UN Specialized
Agency concerned. By another stroke of luck,
just as we were going out of that office in the
UN, who should we meet but the WMO
Secretary-General, D. A. Davies. When we explained the situation to him, he said 'No problem,
so long as it is an international expedition'.

H. T.- You spent some time at the University of Hawaii, I believe?
P.K.- Professor C. S. Ramage was professor
of meteorology at the University of Hawaii, and
he was specially interested in the effects of the
ocean on the atmospheric circulation pattern.
He was responsible for the meteorological component of the IIOE, and in 1961 he invited me to
go there to discuss collaboration between the
USA and India. By then the first pictures were
coming through from the Television Infra-Red
Observation Satellite - TIROS-1 - and I was able
to study the evolution of tropical storms, noticing
in particular that in the early stages the rain
bands were on one side only. Dvorak now has this
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H. T. - Tell me about your association with
the University of Miami.

H. T. - Did you already have radars for
storm warning?

P.K. The US Weather Bureau sent four instrumented aircraft to be based at Bombay tor
about a year during the IIOE with the object of
flying in the monsoon atmosphere over the
Arabian Sea. These were from the National Hurricane and Experimental Meteorological Laboratory at Coral Gables, Florida. I remember that
our Prime Minister was keen to see one of these
aircraft, so it was flown to Delhi and Mr Nehru
his daughter, Mrs lndira Gandhi, and all the top
brass went aboard to see what a flying meteorological research laboratory looked like. These
research flights proved to be successful, and
we also had an automatic picture transmission
receiver for satellite images that was provided
by the National Science Foundation. However,
I was not on hand to take part in analysing the
results because the Chief of the United States
Weather Bureau, Or R. M. White, wrote to the
Director-General of Observatories asking whether
I could go to work for some time at the NHRL
which is part of the University of Miami. So 1we~t
ther~ in 1964 and stayed a couple of years as
VISiting professor. There I studied the structure
and energetics of the hurricanes that affect the
Atlantic and Caribbean with the aid of reconnaissance aircraft. lt had previously been thought
that the circulation of the hurricanes was restricted to the troposphere, but with the data that
were collected by the NHRL I was able to show
~hat it penetrated the tropopause, overshooting
mto the stratosphere. Therefore they were
warm core features with a cold top. But apart
from the purely scientific aspects, my stay in
the USA showed me that the Americans had
taken steps to protect populations at risk from
the effects of hurricanes. I studied the quite
elaborate procedures that were prescribed and
saw that they could be replicated in my own
country without too much difficulty. One of the
most important things is to have the closest
possible co-ordination between the Meteorological Department responsible for issuing storm
warnings and the local authorities responsible
for telling the people what precautions to take.
A tremendous boon to the forecasters was the
APT satellite imagery that showed just where
the cyclones were located over the sea. When
they approached to within about 400 km from
the coastline they could be followed by radar.
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P.K.- My recommendations for cyclone
disaster prevention included an array of radars
along the coast spaced at intervals of about
250 km so as to have some overlap between
echoes. Unfortunately the India Meteorological
Department did not then have much influence
in governmental circles, and the necessary
funds were not available until much later.

H. T. - You mentioned just now that you
were director of aviation services in the
IMD, so I assume you took part in some
ICAO activities?

P.K.- At first I was mostly involved in the
air navigation meetings and the joint
sessions of WMO's Commission for Aeronautical Meteorology with ICAO's Met. Divisional
meetings. The first ICAO conference I attended
was the Middle East Regional Air Navigation
conference in Istanbul in 1950, then a South·
East Asia and Southern Pacific regional conference in Melbourne in 1953, and so forth.
At the Melbourne meeting, ICAO proposed that
tropic~! meteorology centres be set up to
1nvest1gate the tropical jet streams, and one of
the outcomes of this recommendation was the
creation of the Indian Institute of Tropical
Meteorology at Pune in 1963, with assistance
from the United Nations Special Fund as I said
earlier. I took part in preparing PANSMET
(Procedures for air navigation services: meteorology) and Part [C.3.1] of the WMO Technical
Regulations (Meteorological services for international air navigation), which also serves as
Annex Ill to ICAO's Convention. I was also involved in planning the meteorological facilities
required for supersonic transport. One of my
papers, 'Forecasting of upper winds and temperatures in tropical latitudes, with special reference.to jet streams', was published in the proceedmgs of the WMO Scientific and Technical
Conference on Aeronautical Meteorology that
was held in London in March 1968 *.
regi~nal

H. T. - By 1968 you had been made
Director-General of Meteorology
m charge of the IMD's centre in Pune.
If I understand correctly, this was not the
~eputy

' Technical Note No. 95 !WMO-No. 227)

Institute of Tropical Meteorology but a
branch of the Meteorological Department
that specialized in climatology?

P.K. -You probably remember that until the
Second World War the headquarters of the
Meteorological Department had been located
at Pune, but was later moved to New Delhi.
After spending some months at the USA's
National Atmospheric Research Center at
Boulder, Colorado, I took up the post of chief
of the Pune office on 1 January 1968. As you
say, in those days its main responsibility was
climatology, and there were masses of data
collected there but only the old hollerith machines to process them. Now in the IITM in Pune
there was an IBM 1620 computer, and my main
achievement during the year I spent in Pune
was to develop a computerized climatological
data centre of the IMD.
H.T. -In 1969 you became DirectorGeneral of Meteorology in succession to
Or L. S. Mathur, and presumably also Permanent Representative of India with WMO.

P.K. - lt was rather amusing. Or Mathur had
been a member of the WMO Executive Committee, and, although he had retired by the time of
the Committee's twenty-first session in June
1969, there had been no information from the
Indian Government about his successor. it was
assumed that I would be appointed, but the
Committee could only elect me acting member
if official notification of my designation as head
of the national Meteorological Service had
come through. Therefore the Indian Ambassador
was asked to provide the necessary confirmation, which he did, and I was elected acting
member at the beginning of the Executive
Committee's session. WMO cabled me in India
authorizing me to buy my own air ticket to
Geneva to attend the remainder of the session,
and, since I had in any case to move from Pune
to Delhi, I was able to get the ticket from
Bombay to Geneva via Delhi at no extra cost.
Therefore I broke my journey in Delhi long
enough to take over the reins as DirectorGeneral, and thereby saved my government the
expense of an air ticket from Bombay to Delhi.

P.K.- I think my answer would have to be the
study of the monsoon. The infrastructure of the
IMD was functioning quite well, and the World
Weather Watch was getting off the ground.
Although we had quite a lot of data from the
IIOE and from the IGY, they were not sufficiently
dense nor sufficiently accurate for monsoon
studies. Therefore, with the Global Atmosphere
Research Programme (GARP) becoming a
reality, I made it my mission to plead for
research into the monsoons since they can
spell the difference between life and starvation
for millions in Asia. You know that the inhabitants of China, India and the countries of SouthEast Asia together number more than half the
world's population. I went to the GARP Planning
Conference in Brussels in March 1970 where
I found scientific interest to be mostly focused
on the GARP Atlantic Tropical Experiment
(GATE) because of the insight it would likely
give into the development of hurricanes.
I accepted that, but observed that GARP was
supposed to be a global enterprise, and that
while the scientific community might regard
GARP as an intellectual challenge, other
communities were justified in looking to it for
help in palliating famine. My voice was heard,
and it was decided to include monsoon experiments within the scope of GARP. However, since
the available resources and facilities were
earmarked for GATE in 1974, it was agreed
that MONEX would be part of the First GARP
Global Experiment (FGGE) towards the end of
the decade.

H. T. -What about the Bay of Bengal
tropical cyclone warning and community
preparedness activities that had also been
one of your prime concerns?
P.K. -After the APT station given to India by the
U.S. National Science Foundation had been
installed at Bombay, we made our own satellite
picture receiving equipment and placed units at
Calcutta, Delhi, Madras, Bhubaneswar and
Vishakhapatnam. We also set up some coastal
weather radars. Now that we could track tropical cyclones not only in the Bay of Bengal but
also in the Arabian Sea, I advised the Indian
Government to create local cyclone distress
mitigation committees, comprising administrators, engineers and meteorologists, with the
task of drawing up contingency plans, educat·
ing the people and constructing shelters, dykes

H. T. - Where did you feel that the priorities lay when you took over the IMD?
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and other protective works. A regional cyclone
warning and research centre was established
at Madras serving as a facility for the WMO/
ESCAP panel on cyclones in the Bay of Bengal
and Arabian Sea. We had hoped to get a few
instrumented aircraft for studying the energetics and structure of the storms, but in this we
were unsuccessful. You will probably remember
that Sixth Congress took place not long after
the catastrophic storm surge on the coast of
Bangladesh (East Pakistan at the time) when as
many as 500000 people may have perished.
The official death toll was 200000. At the behest
of the United Nations General Assembly, Congress
launched the Tropical Cyclone Project, and the
Executive Committee designated me chairman
of a committee of experts to develop the plans.
I was grateful for the help of Dr S. N. Sen, who
was secretary to the committee and director of
WMO's typhoon project office in Manila.

leagu~s were Mr B. Retallack from Australia
and Dr D. Simidchiev of Bulgaria. As well as
advising the Director of the Iran Meteorological
Organization, Mr A. P. Naval, I lectured at the
Department of Meteorology of the University of
Tehran. I got on very well with Mr Naval, having
known him in the Executive Committee, and the
students seemed to be highly motivated to
learn, and some got very good degrees. I found
the women students to be the most assiduous,
as had been the case in India as well. Originally
I had intended joining the project in 1973 and
staying for five years in order to qualify for a
United Nations pension, but circumstances dictated otherwise. By special dispensation I was
appointed at age 60 and might just have made
the five years' service necessary for a pension
had not the revolution led by the disciples of
Ayatollah Khomeiny resulted in UNDP activities
in Tehran being discontinued in 1978.

Participants in the twenty-sixth session of the Executive Commillec in 1974
Photo: WMO!Bianco

H. T.
I believe that staff members of the
Indian civil service have to retire comparatively early. What did you do after leaving
the IMD?

H. T.
You had retired by the time that
MONEX took place, but perhaps you could
say something about it?
P.K. -Before coming to MONEX itself,
I should like to tell you what happened at the
Executive Committee session in 1972. I was
very concerned that MONEX was going to have
to wait until 1979 because I was sure that we
would suffer one or more severe droughts
before then. That was indeed what occurred in
1972. I told them in the Committee about the
plight of the Indian people, though of course
I quite understood that large internationally conducted scientific projects could not be implemented without a long period of preparation.

P.K. - I should have retired at the age of 58,
that is in 1973, but at the expressed wish of
the Prime Minister, Mrs lndira Gandhi, I stayed
on for two more years. Apparently nobody else
had ever been offered such a long extension.
I had the privilege of serving as Third Vice
President of WMO from 1971 until I left the IMD
in 19 75, my successor being Mr Y. P. Rao.
In November 1975 I joined the UNDP/WMO
project for the expansion and development of
meteorological services in Iran, where my col-
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During a lunch break I was approached by
Academician E. K. Fedorov of the USSR who
suggested a series of joint lndo-Soviet research
missions to study the Asian summer monsoon
until the time came for MONEX. I thanked him
profusely and we agreed on a mission every two
years, starting in 1973. With my retirement
the projected expedition in 19 75 fell through,
but in 1977 the USSR again came with four
vessels. Although I was then in Iran, as the time
for MONEX approached I felt I must do everything possible to lobby for a meaningful contribution by India to the international venture.
I wrote to senior scientists seeking their intervention with the Government, and in the end
I was very pleased when it was announced that
India would set aside Rs 250 million for MONEX.
This was most encouraging for Indian meteorologists. Unfortunately, as things turned out only
a little over half this sum was actually spent on
MONEX, the rest being returned to the Government. Nevertheless the campaign was a success;
there were satellites, ships and constant-level
balloons as well as enhanced conventional
observing networks. The main drawback was
that this intensive effort could not be kept up
long enough to describe the monsoon's evolution in time; there were just the short special
observing periods of about three weeks during
the period 1 May to 31 August 1979. This cannot help to explain why the monsoon should
differ from one year to the next. For that a
really long-term programme is necessary, and
it seems as if something along the right lines
may at last be realized through the World
Climate Research Programme where the
accent is on relations between the atmosphere
and the underlying sea.

Second World War in particular served to boost
the resources put into it for military purposes,
notably RAF operations. After the war we had a
large pool of trained personnel, and, rather
than lose it, Sir Charles Normand, the last of
the British Directors-General, created seven
regional centres (India at that stage still included Pakistan and Bangladesh). I happened to be
one of the young scientists there at that exciting time of growth. Civil aviation boomed
rapidly; India was a strategic staging post for
numerous long-haul flights. Moreover, we were
in a position to manufacture our own instruments and equipment. One of the first things
I did as Director-General was to adopt one
standard type and make of instrument for use
throughout the whole country, although even
then the accuracy left something to be desired
because precision in things like upper-air
measurements is much more important in the
tropics than in temperate latitudes. I also
placed emphasis on telecommunications;
a northern hemisphere exchange centre was
set up at Delhi for which the Canadian
Government kindly provided a transmitter and
the Netherlands Government a computerized
message-switching system. That led to the
northern hemisphere analysis centre and ultimately the WWW Regional Meteorological Centre
and Regional Telecommunication Hub. So you
see, there were a variety of reasons why the
India Meteorological Department is relatively
advanced for a developing country.

H. T. - Perhaps you would say something
about hydrology, because I know that
flooding is a recurrent problem in India.

P.K. -Hydrology is, so to speak, an endproduct of meteorology, so that meteorologists
naturally take an interest in both operational
hydrology and water resources. When I was
DGO {Director-General of Observatories),
I upgraded the hydrology section to a directorate and initiated projects to formulate rainfallrunoff relationships as an aid to river flood
forecasting. We lack sufficient S-band radars
for quantitative precipitation estimation, and
flood forecasting is still mostly subjective.
About the only exception is the pilot project in
the Yamuna River catchment in which WMO
provided technical input. I also initiated projects
in snow hydrology where satellite imagery of
the Himalayan snow cover is used to estimate

H. T. - When compared with the gross
national product, India has a rather good
Meteorological Service. Is this because
the Government is aware of the benefits it
brings to the national economy?
P.K.
Few meteorologists would affirm that
their government supplies its Meteorological
Service with all the support it needs and merits,
but things are beginning to get better. On the
whole I enjoyed good support. But you know,
the India Meteorological Department is already
116 years old and has had time to mature. For
the first half of its existence it was directed by
experienced men from Great Britain, and the
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snowmelt-runoff. We now have our own spacecraft, the Indian Remote-Sensing Satellite, that
does this. By the way, apart from the very real
danger of river flooding and the ever present
problem of water supply in some areas, more
and more hydropower generators are being
built near the foot of the Himalayas. That gives
an added raison d'etre to operational hydrology.
In 1973 the Government appointed me chairman
of a committee to establish a national institute
of hydrology, and this came into being at
Roorke in Uttar Pradesh in 1976. I am still
president of the Association of Hydrologists of
India.

H. T. - I think you said that little further
progress had been made on severe storms
research since the Nor'wester project?

P.K. -Just as I was about to retire I submitted
a five-year plan which incorporated a severe
storms laboratory at Calcutta similar to the one
in Oklahoma, USA. Nothing came of it, but
I believe that a year or two ago the Department
of Science and Technology looked into the matter
again, and there is a plan to have a joint programme between the IMD, the Indian Institute
of Technology, Kharagpur, and the University of
Calcutta, using Doppler radars.
H. T. - What is the history of numerical
weather prediction in the IMD?

P.K. -At the time that I became acquainted
with NWP at the University of Chicago in 1955
we had no facilities to introduce it in India no computer and a lack of accurate upper-air
observations. However, some meteorologists
such as Dr P. K. Das were trained abroad in
NWP. In 1970 I set up a national working group
consisting of experts in the IMD, the IITM and
certain universities, with the task of developing
NWP techniques using primitive-equation models,
and in 1973 an IBM 360/44 computer was
installed at the IMD headquarters in Delhi. With
this we began issuing aviation forecasts, and
later extended it to precipitation forecasts. But
although there are now several groups of modellers at various institutions in India, it.has so far
proved impossible to use NWP for other operational forecasting functions. In March 1989 a
national centre for medium-range weather
forecasting was created by the Department of
Science and Technology and it is equipped with

a Cray XMP-14 supercomputer, so I hope that
this will soon bear fruit. Modelling the tropical
atmosphere, and especially the Asian summer
monsoon, is a difficult problem that Indians are
having to tackle largely on their own. Incidentally, the principle motivation for the new centre
was the farmers' need for three- to ten-day
forecasts.

H. T. - Agriculture is a domain in which
the benefits of a Meteorological Service
are highly self-evident.

P.K. -Exactly. lt was back in the 1930s that
an agricultural meteorology division was
created in the IMD under the direction of the
indefatigable Dr L. A. Ramdas, one of the very
few such divisions in the world at that time.
He had no sophisticated equipment, but from
1945 he issued crop-weather bulletins for the
whole of India, and we have carried on ever
since. His idea was to relate the expected
weather (rainfall, cloudiness, temperature and
so forth) with the requirements at that particular stage of crop production. With an evergrowing population, urbanization and some
severe droughts, attention in the 1960s
focused on ways of increasing the yield of an
already intensive agricultural system. The
Indian Agricultural Research Institute embarked
on studies of various grain hybrids and strains
under the leadership of Dr M. S. Swaminathan
who later became director-general of the
International Rice Research Institute in the
Philippines.* This was all very well, but was
there not also a need to be sure that the
existing climatic conditions were exploited to
best advantage? In the tropics the primordial
climatic factor for agriculture is rainfall, and the
IMD had large quantities of precipitation data
on file. Therefore it should be possible to
choose the optimum sowing time by reference
to the rainfall probability statistics. I worked for
a time on this with Dr Swaminathan, and it led
to a study of droughts. So I set up a drought
research unit at Pune, and it is still doing very
good work.
H. T. - You were your country's delegate
at the UN Conference on the Human
Environment in Stockholm in 1972. What
has been done in India in connection with
environmental problems?
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P.K. -The Prime Minister had appointed me a
founder member of the National Committee of
Environmental Planning and Control, and at
Stockholm I stressed that the incipient UNEP
should not restrict itself to air and water pollution which was the main scare of the moment,
but should consider other forms of degradation
due to droughts, desertification, floods and so
on. In the IMD I created a new directorate on
environmental pollution and designated stations
to form part of BAPMoN. I also recommended
to the Government legislation to protect the
natural environment. Indeed, we have become
very environment-conscious in India.

H. T. - You have been connected with
several scientific journals and
associations.
P.K. -Yes, I was member or chairman of a lot
of committees and conferences related to
meteorology and hydrology. I should like to
mention in particular being for a time member
and chairman of the editorial board of the Indian
Journal of Meteorology and Geophysics, now
called Mausam, and being secretary and presi·
dent of the Indian Meteorological Society and
starting up its semi-popular magazine Vayu
Mandal (the Earth's [atmospheric] envelope).
I was elected Fellow of the Indian National
Science Academy in 1974, the Indian Academy
of Sciences and the Andhra Pradesh Science
Academy in 1975. In 1976 I was awarded the
title Padma Bhushan by the President of India.
The Andhra University here at Vishakhapatnam
was the first in India to open a department of
meteorology in 1948, and it conferred on me
an honorary doctorate in 1972 and appointed
me honorary professor for nine years. In 1981
I was elected president of the Association of
Hydrologists of India. At present I am honorary
professor at the Institute of Development and
Planning Studies, Vishakhapatnam.

H. T. -Among your former associates and
colleagues, who won your especial
esteem?
P.K.
I think I would have to single out the
first Indian Director-Ger;e~·C!I of Observatories,
Or S. K. Banerji. * Although he tended to be
• Photo WMO Bulletin 32 (4) p.99

Dr

Kotc~\\:aram

n..~c('i\e':> the Pmlnu1

Bhu~han

a\vanl

from the President of India, His Excellency
Mr Fakruddin Ali Ahmcd, on 22 March 1975

stern in his attitude towards his colleagues, he
was totally without social, religious or linguistic
partiality, and this is an extremely rare quality in
a multi-ethnic country like India. He gave me
tremendous encouragement at the start of my
career.

H. T. - How do you spend your time nowadays?
P.K. -My home is only a stone's throw away
from the University Department of Meteorology
and Oceanography; and the Cyclone Warning
Centre that I started in 19 74 is no more than
two kilometres distant. I go there each week to
attend map discussions with students and
professors of the University, and I do some
research work at home based on data I obtain
from the IMD. I had two papers published quite
recently in Mausam, and another, on the characteristics of the Asian summer monsoon, is in
preparation. I serve as examiner for M.Sc. and
Ph.D. courses in meteorology at several universities, and I attend scientific and technical
conferences if I am invited. So, in the evening
of my life I am still busy helping in the work
I believe to be so useful to the people of India
and the world.
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H. T. - Finally, what would be your advice
to a young person about becoming a professional meteorologist?
P.K.- The only advice I give to my students
here at Andhra University is to dedicate themselves to the science and try to emulate some
of the illustrious alumni such as T. N. Krishnamurti, D. 8. Rao, T. S. N. Murty, P. Krishna Rao
or G. V. Rao who have all distinguished themselves in America, or again people like
R. Ramanadham, L Subbaramiah, Bh. V. Ramana
Murthi, P. S. Pant, E. V. Chelam or B. Padmana-
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bhamurthi who have done good things in India
or in WMO missions elsewhere. Without
dedicated human effort, science cannot
progress nor the world evolve.

H. T. - Thank you very much for this
highly enlightening interview, Professor
Koteswaram. I hope you will continue for
many more years to imbue the young
aspiring scientists around you with your
own enthusiasm and ability.

Professor Marcel Nicolet

A glance through the list of his publications can
leave little doubt that Professor Marcel Nicolet
has made a pioneering contribution to our
understanding of the chemistry of the Earth's
atmosphere. His first works (1934-1938) were
in the field of astrophysics when he was able
to determine the molecular composition of the
sun, and he was the first to show that a rotational structure of CH molecules was needed
to understand the composition of comets. His
imaginative studies revealed the physical and
chemical processes in aurorae and airglow,
of which he made the first correct spectral
analysis. This work also led to an abiding interest in ozone.
He entered the Belgian Royal Meteorological Institute in 1935 and became a forecaster for aviation whilst still carrying on his
investigations into the high atmosphere and
beyond at the University of Liege.
During the Second World War when all
weather forecasting operations were restricted to the occupying German forces, Nicolet
took the opportunity to conduct theoretical
research in aeronomy, the study of the physics
and chemistry of the high atmosphere. After
the war, he became an authority on atmospheric
ion chemistry when he released for publication
a classic paper entitled 'Contribution a I' etude
de la structure de !'ionosphere'. The same
year-1945-he deduced the presence in the
upper layers of the atmosphere of nitric oxide,
important because this minor species plays a
leading role in the ion chemistry and neutral
chemistry of the Earth's atmosphere.
Perhaps his greatest service to the international scientific community was as
Secretary-General of the Scientific Committee
for the International Geophysical Year (CSAGI)
from 1953 to 1959. Here he needed much
more than scientific competence as will be
evident from his account of that exciting
period.
His background in aeronomy was of great
service to WMO in the mid-19 70s when the
depletion of the stratospheric ozone layer
became a matter of public concern and the
Organization decided to issue a statement.

Professor Marcel Nicolet

In more than five decades, during which
we have seen the dawn of the space age,
there is hardly any facet of aeronomy to which
Professor Nicolet has not made an important
contribution. He travelled widely and kept in
close touch with his colleagues in other
institutions, notably the Pennsylvania State
University (he says he has crossed the Atlantic
more than 200 times and still tries to go to the
USA at least once a year). He has published
more than 300 scientific papers, including in
1980 a 530-page review entitled 'Etude des
reactions chimiques de l'ozone dans la
stratosphere'. This study presents the fullest
available account of how our knowledge of
chemical reactions in the atmosphere has
advanced and contains a quantitative analysis
of the various chemical reactions in the stratosphere and mesosphere as well as a set of
equations that will be used in the future for the
numerical studies.
Professor Nicolet has numerous awards
and distinctions to his name. These include the
Guggenheim Prize of the International Academy
of Astronautics in 1963, the Hodgkins Medal
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of the Smithsonian Institution (1965), the
William Bowie Medal of the American
Geophysical Union (1984) and the Tsiolkowsky
Medal of the Astronautical Society of the USSR.
He is also member of the Royal Academy of
Sciences and Arts of Belgium, foreign associate of the French and U.S. National Academies
of Science and the Lincei
National Academy of Italy,
Fellow of the Royal
Astronomical Society and
the American Geophysical
Union, and many more. The
AGU has recently instituted
the Nicolet Lecture in
aeronomy which will be
given by invited speakers
at meetings of the Union.
Such is Nicolet's modesty
that Or Taba had to
approach Or Marcel
Ackerman, director of the
Belgian Space Aeronomy
Institute since 1985, to
learn that by letters patent of

19 March 1987, His Majesty King Baudouin of
Belgium had awarded Marcel Nicolet the hereditary title of Baron. Or Ackerman chuckled as he
recalled the secrecy with which the preliminary
inquiries had been made, and Baron Nicolet's
utter astonishment when he learnt officially
that he was to be made a peer of the realm.
He had to choose his own
motto - Haute science,
humble constance (which we do not try to
translate) and design his
coat of arms with professional guidance.

H. T. - Professor Nicolet, thank you for
inviting me here to conduct this interview.
To begin with, please would you say
something about the family into which you
were born.

had been a substantial emigration of Nicolets
to Geneva, Fribourg, Neuchatel, Liege, Paris
and Normandy. A Nicolet served as geographer
with the explorer Jacques Cartier (1491-1551)
who discovered the St Lawrence River, and a
Jean Nicolet founded the town on the right
bank between Montreal and Quebec that carries
his name. Later he put Wisconsin on the map
when he landed near Green Bay on Lake Michigan
which was then a large Indian settlement.

We are most grateful to
Professor Nicolet for
agreeing to give the following interview which took
place at his home on
28 March 1989.

M.N. - I was born on 26 February 1912 in the
small village of Basse-Bodeux that lies about
about 40 km SSE of Liege in the Belgian
Ardennes. lt was a pleasant mild day with the
sky about half covered by stratocumulus and a
moderate south-westerly wind. Solar activity
was particularly subdued; there was no sunspot
(indeed, none were observed in February 1912).
In spite of these circumstances, my mother
said that I was a nervous baby, a temperamental trait that has remained with me to this day.
My father had a brewery and also made effervescent lemonade using the perfectly pure water
from a local spring. There is a family tree that
traces our ancestry in this region back to 1600,
a line of master carpenters with the coat of
arms showing a griffin and woodworker's tools
such as mallet, chisel, saw, ladder and dividers.
The addition of the name Bred a indicated that
the first Nicolet had come from the region of
Grenoble in the sixteenth century when there

H. T. -Where did you have your early
education?
M. N. -When I was two-and-a-half years old
I started at a nursery school where in due
course I learnt to read, write and do simple
arithmetic. lt was during the First World War,
and I have never forgotten the first words
I wrote: le roi, la loi, la liberte (king, law and
freedom). In October 1918 I went on to primary
school. I was quite excited by history-to learn
how Julius Caesar had come here more than
2000 years ago and made the remark Fortissimi
sunt Belgae (the Belgae are the bravestBelgae being the original Celtic inhabitants), to
learn about the Franks and Emperor Clovis and
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later Charlemagne. But I was also interested in
arithmetic and grammatical problems which my
father helped me with in the evening. At the
end of primary school I took the cantonal examination and got very good results so that it was
suggested to my parents that I go straight to
high school and study the humanities. Thus
I spent the next six years learning ancient
Greek, Latin, French literature, history and
philosophy. I drew the conclusion that 'things
are not what they are but what they seem', a
reasoning that lives on today. At the age of 17
I had the culture of someone from a rural village
outside the ambit of the intelligentsia. I now had
to choose what field of study to pursue, and,
contrary to everyone's expectation, I opted for
mathematics because it was an excursion into
the unknown.

H. T. -So that was the subject you took at
university?
M. N. - I did two years of mathematics at the
University of Liege and passed the candidat
examination in 1932, but this had given me
time to discover that my true vocation lay
rather in physics. Therefore, by special dispensation I was permitted to sit for the candidat
physics examination in 1933, and obtained my
license (first degree) in physics the following
year. I developed a particular interest in spectroscopy and photochemistry which I had
studied under Professor Pol Swings and
Professor Victor Henri respectively, and that
was my reason for choosing astrophysics as
subject for my research. A joint paper on B-stars
with Swings in 1934 was published in the
Astrophysical Journal of the USA and in the
German Zeitschrift fiir Astrophysik. The classification of stars in decreasing value of effective
temperature (ranging from above 10 000 K to
about 3000 Kl has the mnemonic: 0, Be A Fine
Girl, Kiss Me Right Now, Sally. I was the first
to detect argon in B stars and wrote a short
note on this for the Astrophysical Journal
in 1936. Even before the end of 1934 it had
been agreed that I should study the molecular
composition of cold stars for my Ph. D., and
my father agreed to provide the necessary
financial support. The sun is a G (yellow) star,
and since its visible spectrum had been
studied in detail I used it as the basis for my
analysis. I found how the photosphere, chromo-

sphere, corona, spots, faculae, flares and so
forth make up a complex system that influences the atmospheres of the various planets.

H. T. - What were the circumstances that
led you to join the Royal Meteorological
Institute?
M. N. -Whilst I was working on stellar atmospheres, and solar-terrestrial interactions in
particular, I decided to take a course in meteorology given at the University of Liege by Jules
Jaumotte, then director of the Meteorological
Institute at Uccle. Jaumotte was well known for
his pioneering work in aerology and for having
introduced to Belgium the concepts of the
Norwegian school. He was gratified by the
interest I showed by my questions during the
course, and the last evening suggested that
I come to work at the Meteorological Institute.
I would have to learn the ropes as a weather
forecaster at Brussels airport for three or four
years, but after that he would get me to study
solar radiation in all its various aspects.
The prospect of a fixed salary was very attractive because I was anxious to get married.
In September 1935 I contrived to combine
working by night as an astrophysicist at Liege,
as a weather forecaster at Brussels airport
160 km away by day, and meeting my fiancee
at dusk. At the Meteorological Institute I made
the acquaintance of Jacques Van Mieghem
and Lucien Ponce let who later became respectively head of the aerology and climatology
departments.
H. T. - Was your work in meteorology
limited to aviation forecasting?
M. N. -Most of my time was spent in preparing
forecasts for local flights in Belgium and for
flights by Fokker, Junker and Savoia-Marchetti
aircraft to places in the British Isles, continental
Europe and North Africa. Their ceilings were
below 4000 m. This gave me an opportunity to
analyse changes in weather conditions at
ground level (touching on such phenomena as
fog and icy roads), in the boundary layer (clouds,
precipitation, thunderstorms), and in the troposphere (synoptic features such as pressure
patterns and fronts). At the same time I was
trying to learn something about climatology in
order to find out how it might be used for
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making medium-range forecasts. In spite of the
demands this work made on my time, I managed to finish my main thesis entitled 'Study of
the spectra and composition of stellar atmospheres' and a subsidiary one called 'Discussion
on the thermal inversion observed in the stratosphere' and gained a D.Sc. in 1937.

H. T. - I believe you did some work at Arosa
in Switzerland at about this time?
M.N. - I entered a national competition in
physics-the Concours universitaire-with my
work on stellar atmospheres, but also studying
in depth the spectra of comets and discovering
the presence of hydrogen in addition to carbon
compounds in their atmospheres. On 19 January 1938 I learnt that I had won first prize
which was a fellowship for nine months' study
abroad, and, with the blessing of Swings and
Jaumotte, decided to go to the Lichtklimatisches
Observatorium at Arosa to study ozone problems
as well as radiation climatology and the airglow
spectrum with Paul Gotz. I had been on a
preliminary visit in March 1937, and the idea
was that I should return with my bride after we
had been married. However, in March 1938
there was the so-called union (Anschluss) of
Germany with Austria, and the situation was
such that as a member of the Meteorological
Institute I had to stay in Belgium. With the
signing of the Munich agreement in September,
the crisis was believed to have lessened, and
so the following month we travelled to Arosa
and stayed for about eight months.
Dr G. W. B. Dobson was there, and with his and
Gotz's guidance I learnt how to make ozone
measurements of all kinds. At the time of the
new moon I made airglow observations using a
small uv spectrograph. In addition, Gotz,
R. Penndorf and myself made synchronous
measurements of uv-B at Chur (600 m above
sea-level), Arosa (1850 m) and Weisshorn
(2650 m); we found the maximum to be at
Arosa, but the results were never published
because the Second World War broke out.
Before we left Arosa in May 1939 I went over
to Davos to discuss solar radiation climatology
with Dr Waiter Morikofer. Back at Uccle I made
my first pyrheliometer and actinometer measurements of solar radiation.

H. T. -You remained with the Royal
Meteorological Institute during the war
and undertook a great deal of research in
solar physics, astrophysics and aeronomy.
What were your main findings?
M.N. -When the German forces overran
Belgium in May 1940, the whole of the Institute
was evacuated as the army's weather forecast
service to a place on the coast near Dunkirk
where we still had direct contact with the British
and French Meteorological Services, but the
situation soon became impossible. Jaumotte,
who had been a pilot during the First World War
and invented aerial photogrammetry for the
Belgian army, was wounded and did not return
to the Institute. With most of France quickly
occupied by the German army, there was
nothing to do but return to Uccle. There were
less than a dozen staff members altogether,
and only two scientists: Alphonse Van den
Broeck (who had been head of the forecast
office at the airport) and myself. Belgians were
forbidden to do any synoptic meteorology or
weather forecasting, so it was necessary to
find something for everyone to do that was
mostly based on research. At first we were not
allowed to enter the Meteorological Institute
headquarters, so, since I was the only one who
knew the exact distribution of offices in the
building, I was able to suggest a division of our
contingent into four groups, namely (a) atmospheric electricity and magnetism (under Edmond
Lahaye), (b) climatology (under Lucien Poncelet),
(c) aerology (under Jacques Van Mieghem) and
(d) radiation (under myself). We all worked
under the direction of Van den Broeck, but of
course a German official with a French-speaking deputy had been appointed to keep us
under supervision. We decided to develop
theoretical research in all fields of geophysics
and plan new projects for after the war. I wrote
a 138-page paper called Introduction a /'etude
des relations entre /es phenomenes so/aires et
terrestres: Le Solei/ (Introduction to the study
of terrestrial and solar relationships: The Sun)
published in 1943. This naturally led me to want
to study the effect of solar uv radiation on the
ionosphere, and although we were in the dark
as concerns work being done in other countries, with the help of some 40 pre-war publications I found in the library I elaborated a general
theory of the ionosphere. However, I did not
put it up for publication since the subject was
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top secret because of its relevance to short-wave
radio propagation. lt eventually appeared in
1945 under the title Contribution a /'etude de
la structure de /'ionosphere.

H. T. -What happened when you were
liberated from the Axis domination?
M. N. -The Allied forces reached Brussels in
September 1944, and a meteorological station
with radiosonde ascents was established in the
radiation tower. The next six months were
chaotic, but I managed to finish and publish my
ionosphere paper as well as two others, one
on ozone and its relationship with the atmospheric situation and the other on solar radiation
and its biological action. On VE-day-signifying
Victory in Europe (8 May 1945)- I was made
agrege at the University of Brussels.

hydrogen Lyman-a radiation at 121.6 nm going
through the absorption bands of molecular
oxygen. Ten years later this hypothesis was
validated by rocket observations of the sun,
laboratory measurements and in situ observations from rockets. lt was D. R. Bates and
M. J. Seaton who brought these results to international attention in 1950. *

H. T. -In 1946 you were appointed head of
the radiation division of the Royal Meteorological Institute and you became an authority on atmospheric ion chemistry. Would you
care to say a few words about this period?

M.N. -When the war finally came to an end, the
four divisions we had created on an ad hoc basis
in 1940 were formally established, but of course
the synoptic meteorology and weather forecasting functions were also rehabilitated. With the
help of about ten people - mathematicians,
H. T. - Can you please explain a bit more
physicists and engineers in mechanics and elecabout your discoveries relating to solar
tronics - we developed a solar radiation climatoradiation and the ionosphere?
logy with respect to extra-terrestrial irradiation,
M. N. -Before the first scientific rockets were
spectral radiation under a cloudless sky, direct
launched in 1946, the solar ultraviolet emission and diffuse radiation at the ground, on vertical
was considered equivalent in the visible region
and inclined planes, problems associated with
of the spectrum to a black body at about 6000 K. pyrheliometers and actinometers, parameterHowever, such a radiation temperature was far
ization methods and so forth. Thanks to the
too low to explain the presence of ionized layers enthusiasm and diligence of Lucien Bossy, the
reflecting radio waves at levels between 70 km Radiation Division made monthly forecasts of
and 300 km, with electron densities ranging
ionospheric conditions for short-wave broadfrom 103 to 106 electrons per cubic centimetre.
casting to and from the Belgian Congo (later to
But far-uv radiation emissions from the solar
become the Republic of Zaire), and this, of
chromosphere and corona were equivalent to
course, entailed making observations of the
black bodies from 7000 Kat 75 nm to 100000 K ionosphere. I was present at the general assemat 5 nm in the x-ray region. I had considerable
bly of the International Union of Radio Science
(URSI) at Paris in 1946 where I made the acquaindifficulty with the absorption cross-sections of
atmospheric constituents like molecular
tance of Edward Appleton, Sydney Chapman,
nitrogen and molecular and atomic oxygen,
Jack Ratcliffe and many others who had been
concluding that nitrogen was not dissociated
leaders in ionospheric research during the
since emissions of the ionized molecule N;
Second World War. The following year, I gave a
had been observed by Stormer in sunlit aurocourse at the Meteorological Research Centre in
rae up to altitudes of more than 800 km.
Paris on basic actinometric problems in solar
A more presumptive hypothesis concerned the radiation. David Bates and Harrie Massey invited
origin of the lowest ionospheric layer-the
me to speak to the Gassiot Committee in London
D-layer that reflects long waves- below 100 km; about my spectral analyses of the aurora and
I was convinced that the uv radiation that
airglow and my deductions on conditions in the
ionized oxygen and nitrogen was completely abupper atmosphere, and I was also invited to a
sorbed above the 100 km level and so attributed CNRS colloquium in Lyons to speak on solarthe effect to a trace constituent absorbing
radiation at a longer wavelength, more than
- * Bates & Seaton (1950): Theoretical considerations
100 nm, in some atmospheric window. I suggest- regarding the formation of the ionized layers. Proc. of
the Physical Society B 63, 2, 3628 pp.l29-140, 148.
ed therefore that nitric oxide was ionized by
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terrestrial relationships. The year 1948 was even
busier for me; I gave a course on problems in
solar physics at the Astrophysical Institute and
several lectures on atmospheric ozone at the
Meteorological Research Centre in Paris.
The International Astronomical Union met in
Zurich in August and IUGG held an assembly in
Oslo the same month. it was notable that there
was an overlapping of interests between the
Association of Meteorology and the Association
of Terrestrial Magnetism and Atmospheric
Electricity. Sydney Chapman was the retiring
president of the Association of Meteorology and
president-elect of the Association of Terrestrial
Magnetism and Atmospheric Electricity, and it
was agreed with him to (temporarily) constitute a
mixed commission, which eventually led to the
creation of the International Association of
Meteorology and Atmospheric Physics (IAMAP)
and the International Association of Geomagnetism and Aeronomy (IAGA). But that only came
about at the IUGG assembly in Rome in 1954
when Professor Ramanathan became president.
My activities corresponding to WMO's sphere of
interest centred mostly on problems of measuring radiation - such things as observational
procedures, standard scales, filters, turbidity and
aperture conditions for actinometers. I served on
the CIMO Working Group on Radiation and also
on the Radiation Commission under IUGG.

in Northern Ireland had a similar invitation, and
so had Daniel Barbier in Paris. With the enthusiastic support of Van Biesbroeck, my wife and
I decided to accept. There was a long and
stormy January crossing of the Atlantic in a
small boat, a week's break in Washington and
then a three-day crossing of America by train.
I met many famous physicists and astrophysicists at Caltech, UCLA and the Mount Wilson
Observatory: S. T. Epstein (molecular and
turbulent diffusion), 0. Wulf (atmospheric ozone),
R. A. Millikan (cosmic rays), Joe Kaplan (auroral
and airglow spectra) and Jack Bjerknes (ozone
and atmospheric dynamics). Sydney Chapman
and his wife Katherine had come from Oxford,
and with David Bates we spontaneously made
up a close-knit quintet. From David and Sydney
I learnt to be patient, and Katherine, with her
perfect knowledge of Greek and Latin, taught
me to be less of a sceptic. After long discussions with David and me, Sydney put forward
his proposed division of the atmosphere in
layers from the troposphere to the exosphere
that has now been generally adopted. When he
sought a name for the intermediate zone
between the stratosphere and the thermosphere, Katherine and I recalled our studies in
Greek and suggested 'mesosphere'.

H. T. -Were you all working on auroral
and airglow spectra?

H.T. -In 1950 you went to work for six
months in California. What were the
circumstances of this visit?
M.N. -In the Belgian Congo, several radiation
stations identical to that at Uccle had been
established, there was an ozone station and
three ionospheric stations. I served on the
three commissions (for astronomy, geophysics
and meteorology) of the Institute for Scientific
Research in Central Africa. it was planned to
set up a new observatory to study radioastronomy and provide a time service.
Dr George Van Biesbroeck, a former Belgian
who had emigrated to the USA and was then
working at the Yerkes Observatory of the University of Chicago, came to Belgium to discuss
this. it was while he was with us that I received
an invitation from Frank Roach to go to Pasadena
to work on the interpretation of airglow observations that he and Chris Elvey had made at
the McDonald Observatory in Texas. David Bates
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M. N. -it was David and I who mainly concentrated on this. We worked on a theoretical
determination of the altitude of the airglow
green line of atomic oxygen and the yellow
doublet of sodium. Thanks to help from the
observations made by A. B. Meinel and R. Tousey,
we were able to explain the presence of the
strong OH radical red lines in airglow by the
reaction of ozone with atomic hydrogen:
0 3 + H 4 0 2 + OH*. Before we left the
USA, Bates, Chapman and I received an
invitation to attend an international conference
on ionospheric physics at Pennsylvania State
University. Our host was Art Waynick, head of the
Ionospheric Research Laboratory, and we shall
never forget the particularly friendly welcome
he and his wife Lilian gave us. Before the meeting
had ended Art had invited me to become a
permanent 'Penn State Ionosphere Lab resident', a title I hold to this day through the
goodness of his successor, John Nisbet.

H. T. -In the WMO Bulletin for July 1982,
you were kind enough to contribute an
article on preparations for the lnternat. ional Geophysical Year (IGY}, so I know
that you were involved in this from the
very beginning. Perhaps you would remind
readers of the course of events?
M.N. - In May 1950, whilst I was still working
at Pasadena, we attended a meeting at an
isolated spot called lnyokern, in the Californian
desert near China Lake, to discuss problems
of the upper atmosphere in the context of the
dawning space age. Five years after the end of
the Second World War, geophysicists working in
this field had become very keen to expand their
knowledge and test their theories against observations, and Lloyd Berkner, whom I had met
when passing through Washington earlier in the
year, voiced their wishes by proposing a similar campaign just 25 years after the Second
International Polar Year (1932/33). This came
up at the meeting at Penn State and then at
the URSI/IAU/IUGG Joint Commission on the
Ionosphere which met in Brussels under the
chairmanship of Sir Edward Appleton in September 1950. The Commission noted that
195 7/58 would correspond to a period of
maximum solar activity and unanimously
supported the proposal. The three ICSU bodies
endorsed it, and WMO was invited to take part
in developing the programmes. In May 1952,
ICSU set up a Special Committee for an International Geophysical Year (CSAGI) (because, as
Sydney Chapman pointed out in his capacity of
president of IUGG, this time it would not be confined to the polar regions). The members of the
Committee were L. V. Berkner and W. J. G. Beynon
(representing URSI), J. Coulomb and V. Laursen
(IUGG), N. E. N0rlund and myself (IAU), J. M. Wordie
(IGU) and Jacques Van Mieghem who was subsequently eo-opted to represent WMO. Berkner,
Coulomb and I met in Brussels on 13 October
to draft invitations to academies and similar
scientific institutions, and the first full meeting
of the CSAGI took place in Brussels in
July 1953. Julius Bartels suggested using the
initials of the French title since this could be
punned to comite qui agit (committee that acts).

H. T. - I have been told that you consider
your role in the IGY as one of your most
rewarding scientific activities. Is this true?
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M.N. -Thanks to the support I received from
my country and from individuals too numerous
to mention, I think I can justifiably look back on
this period with considerable satisfaction. As is
usually the case with such large undertakings,
the real difficulties often lay behind the scenes.
Since whoever was chairman of the CSAGI held
the keys to the success of the IGY, there was
strong pressure on Sydney Chapman to stand
for election to this office, but because of an
unfortunate remark made by someone, he was
unwilling to do so. However, after a few months
the joint arguments of Bartels, Coulomb and
myself persuaded him to change his mind.
On 30 June 1953, Chapman was elected President of the CSAGI and I was elected SecretaryGeneral. The ten years I worked with Sydney
Chapman were richly rewarding; he was a truly
great scientist and an utterly honest man.
Among those who helped me prepare for that
important first session of the CSAGI was
Phil Mange, who had come from Penn State
after gaining his Ph.D. We had had positive
responses from 30 academies, and 22 national
committees had been created by the time the
CSAGI met. Political sensitivities were still
acute, but following the death of Stalin in
March 1953 and the subsequent rise to power
of Nikita Khruschev, a door silently opened to
improved scientific communication and cooperation with the USSR. it was at its fourth
session in October 1953 that the WMO Executive
Committee formally decided to participate in
the IGY, and the CSAGI Bureau met in
Washington the following month to explore the
new possibilities for collaboration and to
discuss practical and technical aspects of
planning.
H. T. - I believe that you were responsible
for designing the IGY emblem?
M.N. -After several ideas had been studied
and rejected, Berkner and Chapman readily
agreed to my design of an emblem that highlighted an orbiting artificial satellite, the terminator (between solar radiation and the night
sky) and the Antarctic. Of course, no spacecraft were as yet in orbit, but the President of
the Academy of Sciences of the USSR had
hinted in December 1953 that such an achievement was within reach.

H. T. -Please enlarge upon the preparations for the IGY.

of the USA's nationaiiGY committee, announcing
his country's intention to launch a scientific
satellite as part of the IGY programme.
I released this important piece of news in the
Brussels Palais des academies at 18.40, a few
minutes before the official announcement was
made from the White House. As I already knew,
at the inaugural session of the fourth assembly
of the CSAGI at Barcelona in September 1956,
Academician Bardin, president of the USSR's
nationaiiGY committee, had announced his
country's intention to launch a satellite to make
observations of atmospheric pressure and
temperature, cosmic rays, micrometeorites,
the Earth's magnetic field and solar radiation.
I am sure your readers will have read that the
Soviet Union put Sputnik-1 in orbit on 4 October
1957, about three months ahead of the USA's
Explorer-1.

M.N. - I have already mentioned the IUGG
general assembly in Rome in September 1954
when Professor Ramanathan succeeded
Chapman as president. A delegation from the
USSR came; the first time they had been
present at an ICSU gathering. An unofficial
meeting was arranged on 25 September
between Chapman, Berkner and me with a
delegation of Soviet physicists: V. V. Beloussov,

H. T. - I understand there were some problems before the IGY programme finally got
under way?

Rome, September 1954- The second plenary meeting of
the CSAGI. Left to right: M. Nicolet, S. Chapman,
L. Berkner and J. Van Mieghem

A. G. Kalashnikov, A. S. Monin and M. B. Cormoung
(who was acting as interpreter from and into
Russian). The difficult task of interpreting for
Cormoung from and into English (because he
only knew French) fell to me. lt was difficult for
Lloyd Berkner too because his countrymen did
not unreservedly welcome participation by the
Soviet Union. However, Chapman could always
be relied upon to find a way of smoothing over
difficulties. The second plenary meeting of the
CSAGI had been arranged in conjunction with
the IUGG assembly, and the end result was that
the USSR Academy of Sciences was represented at the final session of the CSAGI assembly.
A working group under the chairmanship of
Jean Coulomb was able to identify the major
gaps in station networks for various disciplines
and draft detailed recommendations. As predicted at the closing ceremony by the meteorologist, T. E. W. Schumann, the meeting was
indeed of great historical significance.

H. T. -What was the situation concerning
satellite observations for the IGY?
M.N.- On 25 July 1955 a special messenger
brought me a letter from Joe Kaplan, chairman
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M.N. -There were indeed problems on all
sides, and even a crisis within the Bureau of
the CSAGI. At my request, Serge Korff, a
cosmic ray physicist at New York University,
visited many Latin American countries to
assess the situation and analyse the possibilities of scientific participation. Then there were
the problems of overlapping claims for parts of
the Antarctic by Argentina, Chile and the United
Kingdom. Also the People's Republic of China
had shown interest in participating in the
CSAGI, and a complicated arrangement was
made for the delegation to the fourth assembly
at Barcelona to have entry visas to Spain
(virtually no western European country at that
time had diplomatic relations with the People's
Republic). Naturally the scientists were delighted at the prospect of such a vast country
taking part. Unfortunately, however, the attitude of Taiwan, which had political backing
from the major powers, resulted in the People's
Republic of China formally withdrawing, in spite
of Sydney Chapman's valiant efforts at mediation. All was not quite lost because the Chinese
scientists kept in touch with the USSR's national
IGY committee and programmes were carried
out. As for the CSAGI, Lloyd Berkner had now
become president of ICSU and tended to take
decisions over the heads of the other members of the CSAGI Bureau. This was apparent

to the membership in general, and voices were
raised at Barcelona demanding Berkner's
replacement as vice-chairman and member of
the Bureau. I was opposed to such a move and
tendered my resignation. The outcome was
that the IGY Advisory Committee (which comprised members of each of the national committees) held a special session at which it
unanimously adopted resolutions expressing
confidence in the Bureau and in myself as
Secretary-General, a position later endorsed by
the CSAGI. So, at the beginning of 195 7 the
membership of the Bureau was Chapman
(chairman), Berkner (vice-chairman), Nicolet
(Secretary-General), Coulomb and Beloussov,
and we were able to pick up the reins again
just in time for the start of the IGY.

H. T. -Which disciplines were programmed
for the IGY?
M. N. -Fourteen disciplines were formally
adopted by the CSAGI, a rapporteur being
designated for each. The subjects were:
(i) World days (A. H. Shapley); (ii) Meteorology
(J. Van Mieghem); (iit) Geomagnetism (V. Laursen);
(iv) Aurora and airglow (S. Chapman, F. Roach
and C. Elvey); (v) Ionosphere (W. J. G. Beynon);
(vi) Solar activity (Y. Ohman); (vit) Cosmic rays

(J. A. Simpson); (viit) Longitudes and latitudes
(A. Danjon); (ix) Glaciology (J. M. Wordie);
(x) Oceanography (G. Laclavere); (xt) Rockets
and satellites (L. V. Berkner); (xit) Seismology
(V. V. Beloussov); (xiii) Gravimetry (P. Lejay);
(xiv) Nuclear radiation (M. Nicolet). The Annals
of the International Geophysical Year have
been published by Pergamon Press in 48 volumes (actually 55 separate books because
some volumes are subdivided). Volume 48
appeared in 1970.

H. T. -You relinquished your post of
Secretary-General of the CSAGI in 1959.
M. N. -The last assembly of the CSAGI was
hosted by the Soviet Union in Moscow during
the summer of 1958. More than 500 people
were present, WMO being represented by its
Secretary-General, D. A. Davies. But Lloyd
Berkner was not there; he had resigned from
the CSAGI, a victim of the conflict between
politics and science that still characterized the
world situation at that time. I decided I had
neglected my scientific work for too long and,
as you say, resigned as from 31 October 1959.
The IGY had taught me how to remain a simple
scientist in spite of the constant politicizing of

Brussels, Apri/1987- The former members of the IGY secretariat were reunited in the Palais des Congres on the occasion of a symposium on comets held in Professor Nicolet's honour. Left to right: 'Mike' Baker, Paulette Doyen,
Professor Nicolet, Mrs Nicolet, Maurice Hautfenne, Delphine Jehoulet, Jean Falange and Phi! Mange
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scientific problems, and I cannot have been alone
in that because thousands of people from
67 nations had also succeeded in avoiding or
softening the rigid administrative strictures that
too often accompany international scientific
relationships.

H. T. - Everyone who has visited the Belgian
Space Aeronomy Institute agrees that it
was planned by a perfectionist. What can
you tell us about it?
M. N. -Before Jacques Van Mieghem became
Director of the Royal Meteorological Institute
in 1962, it had been decided to develop meteorology up to stratospheric levels and simultaneously to pursue space research. From this had
stemmed the Belgian National Space Research
Centre. I was head of the Space Aeronomy
Study and Research Group in the Meteorological
Institute. When I came back from a visit to Pennsylvania State University late in 1964, I learnt
that there was now going to be a Belgian Institute
of Space Aeronomy and that I was its director.
I already had experience in building additional
laboratories and the radiation tower for the
Meteorological institute, so it was not too
difficult to plan the new buildings and infrastructure: offices, library, printing unit, computer, electronic and spectroscopic laboratories,
workshop and so forth. There are four departments: mathematical, theoretical, experimental
and applied aeronomy, and sections to deal
with numerical analysis, fundamental dynamics,
atmospheric and interplanetary physics and
chemistry, ionospheric physics, photochemistry, optics and instruments. I was given a
staff of 60 instead of the 75 I had proposed.

H. T. - Notwithstanding your heavy
responsibilities with the Institute, you also
lectured in geophysics and space physics
at the Universities of Brussels and Liege.

M.N. -These courses were for graduate
students and developed according to their
common interests, and lecturing kept me up to
date in a broad field of research without being
too demanding. For instance, at Brussels
students might have graduated in mathematics, physics, geology or geography so that
I needed to adapt my lectures suitably and

Professor Nicolet meets the American astronaut
Frank Barman who was on the first manned space mission to circumnavigate the moon

follow all recent developments related to atmospheric research even when they were outside
my own field.

H. T. -You are widely known as an authority on atmospheric ozone. When did you
develop that particular interest?
M. N. -When I went to Arosa just before the
Second World War, I was lucky enough to be
with Paul Gotz and G. M. B. Dobson who were
at the forefront of ozone research. You will
remember that at the time my profession was
meteorology; through my astrophysical research
I was interested in spectroscopy, and from my
university studies I was interested in photochemistry, thus with so many unsolved problems in the domain of atmospheric ozone and
the expert guidance of G6tz it was not surprising that for me this became a challenging field.
To mark the centenary of Dobson's birth
I wrote an article entitled 'The atmospheric
chemistry of ozone' that was published in
Planetary Space Science in December 1989.
it was a tremendous pleasure for me when the
International Ozone Commission cited me as
'one of the few scientists who had continuously
made major contributions to the study of
ozone during the last three decades' on the
occasion of the thirtieth anniversary of the IGY.
H. T. - Perhaps you would care to comment on the threat to the ozone layer?

M.N. -There is no doubt that human activities
can affect the total amount and vertical distri-
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bution of ozone in the atmosphere. Increased C0 2
may lower the temperature near the stratopause
through infra-red emission and this would lead
to an increase of ozone in its region of photochemical equilibrium, but the presence of
various other minor species may bring about
different chemical reactions. Methane (CH 4)
originates chiefly from marshes, paddy fields
and ruminants, and is increasing at a rate of
between 400 and 800 Mt per annum, meaning
that an atmospheric load of 4 Gt might be
reached in less than a decade. Since CH 4 is
transformed into H20 through a chemical
reaction associated with solar uv radiation, the
stratospheric water vapour content could be
strongly disturbed at certain latitudes.
Chlorofluorocarbons (CFCs) that reach the
stratosphere can be dissociated photolytically
by solar uv to liberate chlorine atoms, and a
parallel reaction occurs with bromine compounds. Both these atoms are catalytic agents
in destroying ozone. The problem of NOx effectively boils down to nitrous oxide (N 20), of which
between 10 and 15 Mt (one per cent of the
current total) is released each year. There are
still large gaps in observations and understanding which means that it is impossible to give
quantitatively precise values to the various
species, sources, sinks and processes and the
impact to be expected on human health and
the environment. But in spite of these uncertainties, as scientists we know enough about the
potential risks to affirm that world-wide action
should now be taken to diminish the known
sources of contaminants. In addition, more
precise observations and more critical theoretical research work are needed which require
strong and continuous international support.

in 1980, the one hundred and fiftieth anniversary
of the independence of Belgium.

H. T. -Apart from the IGY, what other
contacts have you had with WMO?
M. N. - My first association with IMO or WMO
was in 1951 when I had to organize the joint
meeting at Uccle of the CIMO Working Group
on Radiation and the Radiation Commission of
the then IUGG Association of Meteorology.
As Secretary of the Radiation Commission
I was in regular contact with WMO, working in
particular with 0. M. Ashford and K. Langlo.
I was invited to WMO in 1963 to discuss
various aspects of the use of meteorological
satellites. Later, I was present at several
meetings on atmospheric chemistry related to
the ozone problem. An important statement
was drawn up by the CAS Working Group on
Stratospheric and Mesospheric Problems in
September 1975 entitled 'WMO statement on
modification of the ozone layer due to man's
activities and some possible geophysical
consequences' and released with the approval
of the Executive Committee soon after. I have
also been to WMO meetings as ICSU representative. My last meeting in Geneva was in
February 1990 and again concerned atmospheric ozone.
H. T. - In the light of your experience,
what advice would you give to a young
person who is contemplating a career in
atmospheric science?

M.N. -In his or her study of physics, the
person should try to understand the causes
and consequences of phenomena, to place
mathematical problems in their exact context
and appraise the difficulties of experimental
determinations. Meteorology must be one of
the most complex disciplines since all its
parameters are governed by astronomical,
astrophysical, geophysical or geographical
factors. There are the latitudinal zones with
their different characteristics and the irregular
distribution of land-masses and oceans. The
person's aspiration should be to acquire a
composite knowledge of the properties and
dynamics of the atmosphere in its various
layers and on various scales. Anyone using flat
maps of large portions of the Earth needs to
have a lot of imagination.

H. T. -Among the many awards and honours you have received, do some have a
particular meaning for you?
M.N. -In a way they are all souvenirs that
have accumulated over more than half a
century, and so each has a special meaning.
One particular item that I could mention is the
rocking chair in our sitting room that was
specially made for the Pennsylvania State
University and given to me to mark thirty years'
association with Penn State. lt came through
official diplomatic channels from Washington, DC
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H. T. -How do you spend most of your
time these days?
M.N. - I still work on scientific matters but
I am no longer subject to the constraints of
administration. I have resigned from all the
Belgian Academy of Sciences committees of
which I was a member, and I am trying to
develop research subjects that I was involved
in after 1970 with Ackerman (current director
of the Space Aeronomy Institute), Biaume,
Brasseur, Cieslik, Peetermans, Vergison and
others. Quite recently six papers that I wrote
with S. Cieslik and R. Kennes on problems of
molecular oxygen dissociation were published
in Planetary and Space Science. But I also reread old publications. For instance,as long ago
as 1963 Dobson had observed that 'the south
polar stratosphere is cut off from the general
world-wide circulation of air by the very intense
vortex of strong westerly winds that blow around
the Antarctic continent, enclosing very cold air
which is rather weak in ozone, ... This vortex
suddenly breaks down in November.' His con-

statation has now assumed much significance
in connection with current theories on the
meteorological factors that are associated with
the springtime stratospheric ozone depletion
over Antarctica. Incidentally, when I was
looking back over the total ozone measurements we made at Arosa in 1938 and 1939,
I found that these were years of below-normal
total ozone, minima being around 260 Dobson
units, much the same as the minima observed
in the years 1980-1982. And yet I read in the
New Scientist for December 1988 that
1938/39 corresponded to an ozone maximum
over Arosa! In fact it was in 1940 that an
exceptional maximum occurred.

H. T. -Professor Nicolet, thank you most
sincerely for such a stimulating account
of your long and interesting career. I hope
you will enjoy many more years of health
and strength to pursue your various
fruitful activities.
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Sir Arthur Davies
Just as we were going to press, we were
saddened to learn of the death of Sir Arthur
Davies on 13 November 1990. We extend
our deepest sympathy to Sir Arthur's widow
and family.
David Arthur Davies was born on 11 November
1913 in Barry, a seaport on the southern coast
of Wales in the United Kingdom. Dr H. Taba
says:
'I met Mr Davies for the first time in August 1957
when I accompanied Professor C.-G. Rossby to the
WMO headquarters in Geneva (I was then one of
Rossby's students). I was immediately struck by
the Secretary-General's personality, and Rossby
too was highly impressed by the thoroughness
with which he tackled his job and his ability to
express his opinions in a convincing manner.
Some three years later I joined the staff of the
WMO Secretariat and served under Or Davies until
his retirement at the end of 1979. Among the qualities that I particularly appreciated was his composure; he rarely showed irritation and anger was virtually unknown. All the time he was constantly
under political and other pressures from outside,
but he handled the issues with serenity and wisdom. Indeed, Sir Arthur had all the attributes that
the position of Secretary-General demanded. I was
proud, and happy too, to be considered a friend of
the Davies family. Lady Davies has immense
charm and their three children (now grown up) are
all a credit to them. I have a very pleasant memory
of the nearly two decades that I worked for Sir
Arthur.'

Sir Arthur Davies, KBE, M.Sc., Dr (h.c.), Dr esse. (h.c.),
D.Sc. (Hon.), Secretary-General Emeritus

This small group was an enthusiastic one,
fresh Ior fairly fresh) from university and each with
honours in mathematics or physics or both. Some,
like Arthur Davies, had a 'double first'. In the early
and mid-1930s, jobs for science graduates were
scarce, and we counted ourselves fortunate to
have found employment. This partly accounted for
our keenness, but the main generator was the
realization as our work progressed that the study
of meteorology and its application could not fail to
be of absorbing interest. All members of the group
went on to have successful careers: for instance
there was John Harding who later concentrated on
rainfall and related aspects of hydrology, Hubert
Lamb who achieved wide fame as first professor
of climatology at the University of East Anglia, and
Patrick McTaggart-Cowan who has already featured in the Bulletin interviews IWMO Bulletin 33 (1)
pp.5-17).
Davies would disappear for weeks at a time in
1936/193 7 on a project to study at first hand the
weather over possible air routes across the North
Atlantic, making frequent observations and measurements of upper winds by pilot balloon from the deck
of a cargo vessel, the SS Manchester Port, that plied
between Britain and Canada. At the time, those
upper-air observations were unique and made a most
valuable contribution to the investigation. Arthur experienced some of the worst Atlantic weather, and we
could not help noting how glad he seemed to be
when he rejoined us, and how he left for each new
journey with a look of grim determination.

But if 19 years are insufficient to judge a
character, here is the evidence of a colleague
of more than 50 years' standing, Mr Patrick
Meade:
'I have known Arthur Davies since January 1936
when, in company with some eight or nine other
graduates, we joined the United Kingdom Meteorological Office and assembled at Croydon, then London's airport for civil aviation. We naturally took an
interest in the forecasting work and day-to-day flying operations, but we were not involved in that.
We constituted a Training and Investigation Group
under the direction of a forecaster of great experience, MrS. P. Peters. His objectives were twofold:
(a) to give us instruction in meteorology, with particular reference to aviation forecasting, and (b) to
conduct, with our help, an investigation into the
meteorological aspects of introducing scheduled
airline services over the North Atlantic Ocean.
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The investigation mainly took the form of a
detailed analysis of about ten years' synoptic
charts covering North America, the Atlantic and
Europe. These charts were used to prepare route
forecasts for a choice of routes and to estimate
times of flight from the west coast of Ireland to
landfall in Newfoundland. The report of the study,
together with others in progress at the same period, encouraged Pan American airlines and Imperial
Airways to embark upon a series of experimental
transatlantic flights. Mr Peters, our instructor, took
a small team of forecasters to Foynes in Ireland to
provide a forecast service for the programme of
trial flights. Arthur Davies joined this group once
he had completed his report on the SS Manchester
Port project.
My next association with Arthur was in connection with the outbreak of the Second World War.
The Meteorological Office had a small nucleus of
forecasters in the Reserve of Air Force Officers
IRAFO) which Arthur and I had volunteered to join.
Towards the end of August 1939 we were mob~
lized into the Royal Air Force, and a few days after
the declaration of war on 3 September we were on
our way to France with the British Expeditionary
Force. Then Arthur was recalled to the United King·
dam and in due course led a meteorological group
in military operations in Scandinavia. After that
exciting experience, a posting to the RAF centre in
Iceland involved forecasting duties for air transport, including troop movements and flights by
large numbers of aircraft being ferried from North
America to the European theatre of operations. Air
transport became of even greater significance to
Davies when he was appointed Chief Meteorological Officer in RAF Transport Command which
operated routes not only over the Atlantic but also
out to the Middle East, Far East and South Africa.
That branch of meteorological work was ideal
preparation for the activities that followed the war.
High priority was given to re-establishing former
air routes and opening up new ones. Essential to
this was the rehabilitation of national Meteorological Services, many of which had suffered
severe dislocation during the war. In addition,
there was the need to revive the International
Meteorological Organization which served as the
focal point of efforts to integrate and co-ordinate
meteorological services into a world-wide infrastructure with common standards and technical
procedures. The Meteorological Office appreciated the value of the experience that Arthur Davies
had acquired. He was much involved in the provision of meteorological services for civil aviation
and gave special attention to the development of
overseas air routes originating and terminating in
the United Kingdom.
In 1949 the post of Director of the East African
Meteorological Department became vacant. This
was obviously an attractive appointment which
would carry challenging responsibilities. Applications for the post were many and from high-calibre
candidates, but there was little surprise at the
announcement that Arthur Davies had been selected. As director of a Meteorological Service he

would be involved in the objectives, policies and
programmes of the /MO which was then gathering
its resources for the task of ensuring full international co-operation in meteorology. Meteorologically speaking, Africa was fertile ground. There were
some well-developed Services, but there were
many countries preparing for independence which
faced major problems in developing their own
Meteorological Service; problems involving organization, finance, recruitment, training and equipment. lt was a testing arena for anyone concerned
with making progress in achieving the goals of the
/MO and its successor, the WMO. lt was also a
great opportunity to accumulate knowledge and
expertise in the varied and numerous aspects of
the Organization's activities.
At the First Congress of WMO in 1951 Arthur
Davies was elected president of the Regional Association for Africa. But more was to follow. Or Gustav Swoboda had expressed the wish to retire as
Secretary-General of WMO, and Second Congress
in 1955 voted to appoint Davies to replace him. At
succeeding Congresses in 1959, 1963, 1967,
1971 and 1975, he was re-elected until at the end
of 19 79 he retired with the honorary title Secretary-General Emeritus, awarded by a unanimous
vote at Eighth Congress.
With his retirement, Davies ceased to be an
international civil servant and the United Kingdom
could express its appreciation for his 24 years of
service at the head of one of the Specialized Agencies of the United Nations. Accordingly, in June
1980 Her Majesty Queen Elizabeth 11 made Arthur
Davies a Knight Commander of the Order of the
British Empire, one of the highest orders in the
country's honours system.
The quality of Sir Arthur's work for WMO
speaks for itself. However, memories fade, and
the interview that follows is intended to highlight
events in WMO during the time he was leading the
Secretariatfrom 1956 to 1979; such momentous
developments as the World Weather Watch, the
Global Atmospheric Research Programme, the
incorporation of hydrology into the WMO Convention and the World Climate Programme, to name
only a few. One expects to find among the qualities
of a Secretary-General of WMO objectivity, total
integrity, courage and that indispensable combination of intellect and experience that instils sound
judgement. He should ensure that decisions,
actions and considerations are all consistent with
that indefinable entity known as common sense.
All these qualities Sir Arthur demonstrated in abunant measure throughout his career.
Family life is an important element of a successful career in a top appointment. Arthur and
Mary Davies celebrated their golden wedding
anniversary in 1988. All the time Mary has supported him with dignity, elegance and charm. Their
three children are doing well in their respective
professions and grandchildren are now making
their mark in the close-knit family circle.'

Sir Arthur Davies accorded Or H. Taba the
following interview early last year.
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H. T. -Sir Arthur, your name will long be
remembered by meteorologists throughout the world for the skilful way you captained the World Meteorological Organization for nearly a quarter of a century, a
period which saw such remarkable
progress in the science and technology on
which national Meteorological Services
depend. What were the circumstances
that led you to take an interest in meteorology and subsequently to develop that
interest into a highly successful career?

H. T. - Do you ever regret not having chosen the humanities?
O.A.D. - Of course I sometimes wondered
what would have happened had I continued my
research project or had I specialized in Latin or
history. But to answer your question, I must
say that I have never had the slightest regret at
having chosen the fascinating subject of
meteorology for my career.
H. T. - What were your first duties in the
Meteorological Office?

D.A.D. - My first recollection of an interest in
meteorology dates back to my early schooldays when I was taught how to read simple
meteorological instruments -thermometers,
barometers, raingauges and the like. However,
it was to be many years before the wish to
take up meteorology as a career revealed
itself. The first important step in that direction
came when I was 16 years old. I had taken the
School Certificate examination in eight subjects covering a wide range of the arts and science, including Latin, history, English literature
and, of course, mathematics and physics. I
had done quite well in all the subjects, but then
I had to choose in which direction to go for my
higher education. My headmaster advised me
to continue with Latin or history; on the other
hand, my father, himself headmaster of another school, reminded me that science was the
thing of the future and that, as he put it, mathematics was the queen of the sciences. I followed his advice, and two years later entered
the University of Wales, eventually taking first
class honours degrees in mathematics and
physics. I also did a course in geology. (I
should perhaps mention that in those days
meteorology was not a separate subject either
in schools or universities.) lt seems that I did
particularly well in my hydrodynamics paper,
and my mathematics professor advised me to
stay on at university to do research on a subject he had chosen, namely 'Sound waves of
finite amplitude'. I accepted his advice and set
about my research with much pleasure and
enthusiasm, but then a few months later a scientific post in the Meteorological Office was
advertised, and this appealed to me even
more. I could not resist applying, and my
application was successful. Thus, on
1 January 1936, I embarked upon my career
as a meteorologist.

D.A.D. - I was told that plans had recently
been approved for the introduction of a transatlantic air service and that, in preparation for
this, a team of about ten graduates in mathematics and/or physics had been recruited.
They were to be given special training with a
view to taking responsibility for the meteorological support for this service. We were all
posted to Croydon airport south of London,
then the United Kingdom's main international
airport, for our initial training. I found those
early days at Croydon very stimulating for several reasons. A new world was opening to me
in the science of meteorology and its manifold
applications to human affairs. The particular
application on which I was to be engagedaviation-was itself exciting to me as a young
scientist. Then again, it was a novel experience
to work closely with young graduates from
other parts of the country, most of whom
became close friends and colleagues. I must
mention Pat Mea de in this context, not just for
his distinguished career in the Meteorological
Office but also for the prominent role he
played, and still plays, in WMO activities. But,
to return to my early days at Croydon, I had no
problem in following the training course. We
were taught that the atmospheric processes
were related to physical laws and mathematical
equations that had long since been established. The equations of motion of a compressible fluid (the atmosphere) on a rotating sphere
(the Earth) were well known, and the physical
processes in this compressible fluid as it
underwent changes in pressure, temperature
and humidity were likewise known. From this
knowledge, and from past experience and
research, certain techniques had evolved for
weather forecasting. In the context of civil aviation, these techniques provided a reasonably
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accurate basis for protecting aircraft on the
relatively short flights then being made. However, the subsequent 50 years of my life were to
show me that, true as this was at the time, the
problem of fully understanding atmospheric
processes and applying this knowledge in
order to provide weather services commensurate with modern day requirements is perhaps
the greatest intellectual task the human brain
has ever set itself-perhaps comparable in
complexity with understanding the processes
of the human brain itself.

North Atlantic, November 1936:
D.A. Davies aboard SS Manchester Port during a year's
research on the weather

H. T. - I am sure that every meteorologist
would agree with you on this point. But to
return to your own initial training, you said
it was linked to plans for developing a
meteorological service for transatlantic
flights. Did you yourself become directly
involved in the arrangements for these
flights?
O.A.O. -Yes, very much so. After about six
months at Croydon I was told that, as part of
the effort being made to provide an adequate
aeronautical meteorological service for
transatlantic operations, it had been decided
to place one of the newly recruited scientists
aboard a merchant ship that regularly crossed
the North Atlantic so as to study the weather
conditions at first hand. I was chosen for this
assignment (despite my protests that a more
experienced meteorologist would be a much
better choice), and in November 1936 (less
than a year after joining the Meteorological
Office) I sailed from Manchester aboard the SS
Manchester Port, a cargo vessel plying
regularly between Manchester and Canada,
charged with undertaking a research
programme. Special equipment was provided,
including cylinders of hydrogen for inflating
meteorological balloons and special pilot bal·
loon theodolites for use on ships at sea in
order to measure the upper winds. I knew very
little about such things, but I soon learnt. In
fact, since it was the first time a programme
of this kind had been undertaken, I found it
necessary on successive voyages to evolve
new methods and techniques for observing
the wide variety of meteorological elements
relevant to my task. I made eight return voyages in the year allotted to the project. My scientific activities aboard the Manchester Port
went ahead smoothly and became progres-

SS Manchester Port
Photo: Furness Withy Group

sively more fruitful. I was required to amass as
much data as I could and seek to interpret
them in terms of the methods and techniques I
had been taught, and deduce anything that
I could from them. This required adhering faithfully to a long and difficult observational routine. The first trial flights across the North
Atlantic took place while I was still doing my
stint on Manchester Port so that I could supply
detailed weather reports to help them.

H. T. -This was a remarkable beginning
to your career as a meteorologist. What
were your feelings when your year at sea
ended? What did you feel you had learnt
about meteorology, both as a science and
a profession?
D.A.D.- The research project taught me
many lessons that have stood me in good
stead. Naturally I learnt a lot about weather
conditions over the North Atlantic and wrote a
report on this. By today's standards it would
seem a very simple and rudimentary account,
but it was well received at the time (indeed,
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the University of Wales awarded me an M.Sc.
for my efforts). Then again, I learnt much
about the ways in which the Meteorological
Services functioned in Canada and the USA,
because each time the ship was in Canada I
was invited to the Canadian Meteorological
Service in Toronto, and on one occasion I also
visited the US Weather Bureau in Washington. I
was always warmly received on these visits
and the discussions that took place were
extremely helpful to me, relating as they did
not only to the project I was engaged upon,
but covering also the science and practice of
meteorology in general. I was greatly
impressed by the spirit of friendly international
co-operation so evident on these occasions,
and by the end of my year on the North
Atlantic fully realized that such co-operation
was essential to progress in our science, and
to the practical benefits deriving from such
progress. I was convinced that the career of
meteorologist would be fascinating and challenging, and hence one that I was very happy
to follow. Then again, those discussions with
distinguished and experienced meteorologists
in Canada and the USA were also of great
interest and benefit to me as a young meteorologist with virtually no on-the-job training. Yet
another benefit was that I learnt a great deal
about organizing a research project of this
kind and, perhaps more importantly, about
organizing myself to carry it out.

H. T. - This early research programme
clearly had an important influence on
your subsequent career in meteorology.
What was your next assignment?

H. T. - I suppose you refer to the outbreak of the Second World War?

O.A.O. - I was posted back to the Meteorological Office in London to write up the report
to which I have already referred. After that I
naturally wanted to put to practical use the
knowledge I had gained, and fortunately was
allowed to do so. As I mentioned earlier, trial
transatlantic flights had already begun.
A meteorological station had been set up at
Foynes, on the River Shannon in Ireland, and
as soon as I had finished my report I was
posted there. I found it particularly interesting
because, in addition to the usual types of flying boat, experimental flights were arranged
with other kinds. One idea was to refuel air*
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craft in flight, enabling a plane to reach a
certain height and then top up its tanks before
setting out on the long crossing of the
Atlantic. This is quite commonplace nowadays
of course. Another imaginative approach was
the famous Maia and Mercury combination: a
relatively small seaplane (Mercury) carried up
to cruising altitude on the top of a large flying
boat (Maia) and then released to fly off alone
across the Atlantic, its petrol tanks still full.
There was one successful flight, but I believe
the system was fairly soon discontinued. In
addition to providing meteorological advice
for such flights, my service at Foynes was
rewarding for another reason: a number of
newly recruited meteorologists in the Irish
Meteorological Service were posted to Foynes
and we were asked to give them some
instruction in their chosen profession and to
familiarize them with what was going on.
Some became good friends, and were later
quite well known personalities in WMO affairs:
the names of Austin Bourke and Shane Tierney come readily to mind in this context. I
should also mention that during this period we
had to work in close liaison with our counterparts in Botwood, the corresponding base on
the Canadian side. Your readers will no doubt
recall the interview you conducted some time
ago with Patrick McTaggart-Cowan* who was
in charge of meteorology over there. You can
well imagine that all this was highly fascinating to me as a young meteorologist but, alas,
like all good things it came to an end-an
abrupt end.

O.A.D. - By August 1939 it was pretty clear
that war was imminent; many activities came to
an abrupt halt and others had an equally abrupt
beginning. In my case, since I was a reserve Air
Force officer (the meteorological section of
course), I was called back to England for military service and spent the next seven years in
uniform. Many exciting and interesting things
happened during that long period, but I do not
feel that I should enlarge upon them here. Let
me just say that, by the time I was demobilized,
the United Nations Charter had been signed in
San Francisco and the IMO Extraordinary Conference of Directors had been held in London,
all of which made me very happy.
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H. T. - Sir Arthur, I can well understand
your feeling that to describe your wartime
service would not be appropriate in this
interview. However, since you were serving all the time as a meteorologist perhaps there were some particular events
that might relate in some way to your subsequent international career in meteorology. If so, a few words about these
would be of interest.
D.A.D. -One event which may be of interest
and which I shall certainly never forget was the
famous Yalta conference in February 1945.
I was then Chief Meteorological Officer of the
Royal Air Force Transport Command which,
inter alia, was responsible for flying important
people to wherever they had to go. For such
flights I usually made all the meteorological
arrangements in the United Kingdom, sometimes sending one of my officers to the overseas destination to make sure that all went
well. In the case of the Yalta conference, however, it was clearly necessary that I went
myself, taking my own staff with me. I knew a
good deal about weather over the North
Atlantic and western Europe, but very little
about Black Sea conditions. Therefore, before
we left a message was sent to Moscow asking
for the assistance of an experienced Russian
meteorologist. When I arrived I found in fact
two meteorologists awaiting me: Colonel
Berdanosov and Or Severov. They were most
friendly and helpful, but there was one initial
difficulty-that of language. Although interpreters were available, for detailed technical
discussions they were of limited value. We
soon solved the problem, however, by using
the IMO figure codes to explain our different
views, and found no difficulty in reaching
agreed solutions in this way. Since that time I
have always maintained that there are only
three truly international languages: mathematics, music and the IMO (now WMO) figure
codes. When the conference was over we
exchanged souvenirs in the form of books with
suitable inscriptions; I received a Russian
meteorological textbook with a suitable inscription in both Russian and English which I still
have. As everyone knows, the flights of Winston Churchill and President Roosevelt and
their retinues of advisers and staff took place
without a hitch, which was a great relief to me
because it had been snowing hard on the

Black Sea coast a few days before the date
scheduled for the arrival of the 24 aircraft
involved. Another interesting period of my military service was the eighteen months I spent in
Iceland in 1942/1943 forecasting for convoys
crossing the Atlantic or going to northern Russia.
Here I was greatly helped by a lady I was to
meet again later under different circumstances,
narnely Mrs Teresia Gudmundsson, then
Deputy Director and later Director of the
Icelandic Meteorological Service and Permanent Representative of her country with WMO. I
also remember that in May/June of 1940 I was
stationed at Narvik in Norway and was obliged
to fly up to Troms0 to rneet the meteorologists
there. Arnong them was the Norwegian
Dr P. Thrane, already well known, whom I subsequently met many times when I was with
WMO. I could go on for a long time reminiscing
in this way, but I think I have said enough to
show that, even in those troubled times, meteorologists could work together in a friendly
manner.

H. T. -You were doubtless glad to return
to civilian life after such a long period on
military service. What were the main
changes for you and what new duties were
you allotted?
D.A.D. -Yes, I was certainly very glad. I had
married in 1938 and at the time of my demobilization, we had two children. My duties during
the war had made a normal family life impossible and I now looked forward to spending more
tirne with my wife and children. As regards my
work, I was posted back to the Meteorological
Office in London, by this time with the grade of
Principal Scientific Officer, and was appointed
head of the branch dealing with overseas
flights. I settled down into this post with rnuch
pleasure. My duties were a logical follow-on
frorn my work during the war, and even before
at Foynes, although now of course flights
across the Atlantic had long passed the experimental stage. My duties also involved international co-operation, and hence the International
Meteorological Organization which was now
back in action after its quiet wartime period.
The Director-General of the Meteorological
Office, Sir Nelson Johnson, was President of
the IMO, the last person to hold that office
since plans were by then well under way for the
creation of WMO. On the aviation side, the new
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Provisional International Civil Aviation Organization (PICAO) was of direct concern to me. lt
was at a PICAO meeting in London in 1948
that I first met Gordon Cartwright who was
then on the staff of PICAO; he later became a
very familiar figure in WMO circles in Geneva,
and indeed he still is. So for me the post-war
period began in a very happy manner, both as
regards my official duties and my private life,
but once again a major change was about to
occur.

H. T. -You must have been very disap·
pointed to be moved again so soon after
settling down in London. Where were you
sent this time?
D.A.D. -This time it was not a question of the
Meteorological Office sending me on another
posting, the move was my own choice. Let me
explain. A meteorological service had been
operating for some time in Kenya, Tanganyika,
Uganda, Zanzibar and Seychelles. This was, of
course, long before they became independent
States. The service was known as the East
African Meteorological Department (EAMD),
and it was run by a different governmental
department in London and therefore not under
the direct control of the Director-General of the
Meteorological Office. Nevertheless, his advice
was always sought on important matters. The
post of Director of the EAMD became vacant,
and one day Sir Nelson Johnson sent for me
and asked if I was interested. I could be seconded from my post in London and return to it
if I so wished. By that time I had had many contacts with Sir Nelson and respected him greatly. After consulting my wife I accepted, on condition that my family could come with me. That
presented no problems, and so in August 1949
I became Director of the EAMD in Nairobi. lt
was a department of what was called the East
Africa High Commission which controlled several others dealing with, for instance, civil aviation, postal services, railways, harbours and so
forth.
H. T. - This must have been another major
upheaval in your life. What were the main
problems you faced?
D.A.D. -Yes, it was a major upheaval from
every point of view. In the first place I knew
nothing about tropical meteorology and had

therefore to give high priority to studying the
subject in all its many facets. Secondly, I had
to teach myself how to direct efficiently a
meteorological service covering vast tracts of
Africa and some adjoining islands in the
Indian Ocean with relatively modest resources.
Moreover, I was soon to have the added
responsibility of serving all African Members of
WMO as president of Regional Association I.
On the domestic side, I had to make adequate
arrangements for my wife and children in their
new surroundings, but on this point I can say
at once that no serious difficulties arose thanks
to my wife who seemed to be able to find solutions to all the family problems.

H. T. - Let us look into some of the points
you mention in a little more detail. You
said you had to learn about tropical
meteorology. How did you go about this?
D.A.D. - Initially by reading whatever relevant
papers I could lay my hands on and by talking
to meteorologists with first-hand experience of
tropical conditions. Once I arrived in East
Africa I was able to confirm for myself most of
what I had learnt, although I had to unlearn certain things. When preparing to carry out some
experiments into the artificial stimulation of
rainfall, I learnt by experience that most tropical rain is formed by the collision and coalescence process rather than the ice-crystal process. We discovered an easterly jet stream at
certain times in upper layers of the ITCZ.
Another fundamental element in the study of
East African weather is that Lake Victoria has a
major influence over the whole region, which is
hardly surprising since it is one of the largest
lakes in the world. Special studies of Lake Victoria, particularly its fluctuating water level,
had to be made during construction of the
Owen Falls dam, which is the link between the
lake and the White Nile. Turning now to the
domains for which routine meteorological information was required, first and foremost there
was agriculture, upon which the prosperity of
the whole region depended. Closely linked to
this was the subject of water resources;
indeed, I found this to be such an essential element in the work of the Department that I soon
created a separate hydrological section. Another application was civil aviation, and here the
demand for information increased enormously
after the war, this sector soon becoming a
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The first training course organized by the East African
Meteorological Department
with Dr Davies at the centre

major customer. A rather less usual application
was in assisting efforts to minimize the ravages caused by the desert locust. We found
that the simplest way of conveying to scientists in remote regions the information they
needed was simply to add it to the weather
forecasts broadcast regularly several times a
day for the general public. I should perhaps
add that the Department had long been responsible for maintaining a single seismograph at a
station in Uganda; these modest activities in
seismology presented no particular problem to
me since I had taken a course in geology at
university. Yet another responsibility that fell to
me was that of official timekeeper of Kenya. A
pendulum clock operating in a vacuum and
mounted in a special building to avoid excessive temperature variations had been in use for
many years before I arrived, but with the routine broadcast of time signals it had effectively
outlived its usefulness.

H. T. - You had evidently taken on a very
busy but fascinating job. You mentioned
just now that you had to try to become an
efficient director of the East African
Meteorological Department. Could you
enlarge a little on this?
D.A.D. - I should make it quite clear that the
Meteorological Service was already working
smoothly and efficiently when I arrived in East
Africa. A network of observing stations had
been established, some with records going
back many years. My task was to expand the
activities and functions so as to meet greatly
increased demands for meteorological advice
and information after the war. The first thing
I did was to study the staff situation with a view
to ensuring that the available manpower was

adequate both in numbers and training. Better
training facilities were found to be necessary
and were introduced. Arrangements for the collection of routine synoptic observations had to
be reviewed, as well as for the transmission of
the data to neighbouring countries in accordance with prescribed /MO procedures. Much
of this work simply resulted in endorsing the
procedures already in force, but in some cases
changes had to be made. I need hardly add
that money had to be found to make this possible. Another thing which I soon realized was
that any significant development of meteorological services would require greatly improved
premises for the Department. The headquarters was housed in a few rooms in the centre
of Nairobi, above a draper's shop and adjoining
a dentist's surgery. I found a suitable site on
the outskirts of the city and managed to obtain
financial support from London to erect a building with a wide area of open land around it for
observational work and to permit a subsequent
extension of the building. it was indeed extended after my time.

H. T. - Your comment about the routine
exchange of synoptic data with other
countries raises the question of your
responsibilities regarding IMO/WMO
procedures.
O.A.D. -Yes, from the outset there were important international responsibilities to be met. East
Africa was, of course, a Member of /MO, and the
exchange of meteorological information with
other Services had to be maintained and
improved. You may recall that in /MO the Members could be either independent States or
dependent Territories, a system that WMO
retained, thereby ensuring full participation by all
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in the work of the Organization and also ensuring that, as those territories attained independence (as most of them now have), their participation could continue without interruption or
confusion. Thus, when the First Congress of
WMO was held in Paris from 19 March to
28 April 1951, I attended as the principal delegate of the East African Territories and Indian
Ocean Islands. Naturally I was very interested
in the whole process of transfer from the nongovernmentaiiMO to the WMO, a specialized
agency of the United Nations. During First
Congress I found myself involved in various
groups, but the most time-consuming was
undoubtedly as chairman of the Drafting Committee. From the point of view of my future,
however, the most important development was
the decision to convene a brief session of each
of the regional associations whilst Congress
was still in progress, the sole purpose being to
elect a president and thereby enable each
association to start functioning immediately. To
my astonishment, the African countries elected
me the first president of WMO's Regional Association I, an honour for which I have never
ceased to be most grateful. As soon as
Congress was over, the first session of the
new Executive Committee took place, which
I attended as president of the Regional Association for Africa. On my return to Nairobi
I promptly began making arrangements for the
first proper session of the Association. lt took
place in January 1953 at Tananarive (Antananarivo) in Madagascar, when constructive decisions were taken and an appropriate role
approved for the Region within WMO. I was
honoured to be re-elected president of the
Association.

H. T. - You said earlier that when you
accepted the post in East Africa the door
was left open for you to return to London if
you so wished. lt seems clear that by 1952
you were not only busy in providing and
improving meteorological services in
East Africa, but that you had also become
deeply involved in international meteorology. What plans did you have in mind at
this stage concerning your future career?
O.A.D.- I had no specific long-term plans.
The prospect of returning to the British
Meteorological Office, then as now one of the
major national Meteorological Services of the

world, was always an attractive one. On the
other hand, my interest in both aspects of the
responsibilities I had accepted, r.amely in East
Africa and in WMO affairs, was by this time so
great that I felt it would be more useful for me
to remain at my post in East Africa, at least for
the foreseeable future. I was certainly very conscious of the need to assist in the provision of
adequate meteorological services in East
Africa in every possible way and, like other
meteorologists at that time, I was also very
conscious of the importance of getting the new
WMO into full working order. In the latter connection, the need for rapid progress in WMO
affairs was so evident that the second session
of the Executive Committee was convened in
October 1951, only a few months after First
Congress. lt took place at Lausanne where the
old IMO had been based during the Second
World War. The third session of the Executive
Committee in September 1952 was at the
Palais des Nations in Geneva, the Secretariat
having by then moved into temporary premises
nearby. I shall not attempt to describe all that
happened at these and the following Executive
Committee sessions except to say that appropriate steps were taken to enable WMO to
develop into an effective body serving its Members and fulfilling its role as a specialized agency of the United Nations. I attended Second
Congress (14 April to 13 May 1955) in the
same capacity as before, but now with much
more experience in WMO affairs. As at all Congresses, the appointment of the Secretary-General came up for decision and I was honoured
and delighted to be selected. Thus I relinquished my post with the EAMD and, on
1 August 1955, took up my new appointment
in Geneva. I must add that it was with some
regret that I left East Africa, but I was able to
keep in touch with the EAMD and later, when
independence came, with the three independent Meteorological Services of Kenya, Uganda
and the United Republic of Tanzania, now all
separate Member States of WMO.

H. T. - This was obviously an important
time in your life, and, for that matter, in
the life of WMO. You described your
appointment as Secretary-General very
fleetingly, but I am sure there were many
interesting factors that led you to consider applying for the post. Please could
you enlarge a little on this?
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D.A.D. -The idea of my becoming WMO Secretary-General had in fact been mentioned to
me during First Congress by some of the more
senior figures in the Organization. I was still a
relative youngster of 38 and very much a new
boy in international meteorology. I can only surmise that they were looking around for possible candidates and thought I might have the
necessary qualities. My election as president
of the Regional Association for Africa while
First Congress was still in session doubtless
also served to show that at least the African
countries had some confidence in me. During
subsequent session of the Executive Committee I had personal and informal conversations
which were encouraging, and by the time of
Second Congress I felt justified in putting my
name forward. I must confess that I was not
very optimistic because many of the other candidates were well known and highly competent
meteorologists with much longer experience
than I had had. However, in the end my name
came through and I was very happy. The minutes of that fourteenth plenary session of Second Congress record that:
'Mr Davies spoke briefly expressing appreciation
for his appointment. He stated that his feeling
was an admixture of humility and confidence.
He felt sure that he could profit by the wisdom,
experience and advice of the President, VicePresidents and members of the Executive Committee. He paid tribute to Mr Swoboda and the
high standard he had set as Secretary-General.
He also expressed his pleasure for the opportunities which his appointment would offer to serve
meteorology as the leader of the efficient and
hard-working members of the Secretariat.'

Those spontaneous remarks fully expressed
my feelings then and thereafter.

H. T. -When you took up your appointment, what were your feelings on your
first day in office, and what were your priorities as regards the work of the Secretariat?
D.A.D. - I had been asked to start as Secretary-General as soon as possible. lt was decided that my date of entry should be
1 August 1955, which gave me about two
months to clear up my official and personal
affairs in East Africa. I walked into the WMO
headquarters on the appointed day, but my
arrival was something of an anticlimax, since
everything seemed so very quiet both inside

and outside the Secretariat. I soon learnt that
1 August is Switzerland's national day, so that
the whole of Geneva and the Swiss staff members of WMO were quite legitimately taking the
day off. However, Dr Gustav Swoboda, the
retiring Secretary-General, was there. He had
agreed to stay on for a few days in order that
the handover could be as smooth as possible.
That first day therefore turned out to be very
useful since he and I were able to have long,
quiet discussions on the duties that lay before
me. I had great respect for Dr Swoboda; he
had rendered important services to IMO for
many years and then to WMO for its opening
quadrennium, and I had much to learn from
him. The talks we had during the next few
days were extremely helpful to me. But to
return to your question about my immediate
tasks, I think I may say that I had three basic
objectives. The first was to develop the Secretariat into a more efficient and effective element in the formulation and implementation of
the programmes of the Organization. My second objective was to ensure that every country participated fully in the approved operational and research programmes of WMO and
that each reaped the full practical benefits
resulting therefrom. Such an objective may
appear self-evident, but it is of particular
importance in meteorology, a science in which
no country can operate independently, either
for operational or research purposes. A corollary to this objective was the need to have
some form of technical co-operation between
countries to ensure that the necessary equipment and training was available to all. My third
objective was to ensure that WMO played its
full role in the United Nations system as a specialized agency and, in particular, that it cooperated with the other specialized agencies
whose programmes depended one way or
another on meteorological factors. Whilst
I always kept the three objectives in mind,
I was particularly conscious of the need to
achieve and maintain the first, namely an efficient Secretariat, which, in my view, was a
prerequisite to attaining the others. In other
words, I considered that however praiseworthy and well conceived the programmes and
activities of the Organization might be, they
could never be fully implemented if there was
inefficiency or maladministration at headquarters. My previous experience had taught me
this important lesson.
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H. T. - How did you set about achieving
those three objectives?

noticed the various items of furniture or
embellishment from different countries.
What was the background to this?

D.A.D. -In seeking to attain the objectives,
I soon found many points that first needed
urgent attention. The procedure for staffing the
Secretariat was one, although the problem was
one of quantity rather than quality-1 shall
explain that in a moment. The accommodation
in which the staff worked was another. The system of documentation used for meetings and
conferences was in urgent need of improvement as were arrangements for the publications that the Organization issued. There are
many other examples I could give. it is gratifying to report that, thanks to the support and
understanding shown by members of the Executive Committee and Member countries themselves at the quadrennial Congresses, it
became possible to carry out the necessary
changes. I think it is true to say that the overall
effectiveness of the Organization, and indeed
its status and reputation within the UN system,
rose steadily. As regards the Secretariat, its
strength was slowly augmented to meet the
expanding responsibilities, and new staff with a
high level of basic training and experience
were to be found, while still respecting the
staff regulation which stipulates that due
regard must be paid to the importance of
recruiting and maintaining the staff on as wide
a geographical basis as possible. As for office
accommodation, arrangements were soon
made for a new headquarters building to be
constructed to replace the temporary huts we
had been using. The Geneva authorities were
very helpful in this respect. They erected the
new building to WMO's specifications and then
rented it to the Organization on favourable
terms. We entered the new building
in June 1960. By the beginning of 1971 we
had constructed an extension with a loan from
the Swiss authorities. At that stage the Organization decided to invoke a clause in the agreement with the authorities whereby WMO could
purchase the original building at its original
price, money already paid as rent being set
against this price. This was a very advantageous arrangement from WMO's point of view.

H. T. - I am sure that all who have visited
WMO will have admired the building, and
the information as to its origin is very
interesting. But visitors will also have

D.A.D. -That is very simple. I think we all felt
at the time of constructing the headquarters
that its dedication to international service
should be brought out, and what better way to
do so than to invite each Member to present
something evocative of that country? lt would
take far too long of course to list all the items
received; we published a booklet on the gifts at
one stage which I am sure is still available. it
shows that the gifts included items of furniture
for offices or conference rooms and many
works of art. I recall that the wooden panelling
for the main conference room (Salle I) was a
contribution from a country that wanted to be
sure its gift always remained part of the building itself. Each item carries a small brass plate
indicating its country of origin.

H. T. - I should now like to take up a point
you mentioned earlier, namely documentation for WMO meetings. I must say I always
felt that our documents were of a very high
standard, a view that I think is shared by
many. Please let me have your comments.
D.A.D. - I am glad you raised that question
because it is a much more important matter
that most people think. I shall not attempt to
describe the old system. Suffice it to say that
one frequently finished reading a document by
asking oneself 'Who does what next, and why?'
I hasten to add that this was a shortcoming of
the documents of many organizations at the
time. In the system I introduced, each document comprised four basic sections: first an
INTRODUCTION which was as short as possible,
leading up to the next section PURPOSE oF DocuMENT that gave an explanation in a sentence or
two of why the document was being presented.
Then followed the D1scuss1oN which set out the
pros and cons of possible courses of action to
achieve the specified purpose. This then led
logically to the final section ACTION PROPOSED
which was again kept as succinct as possible.
The thread of the argument throughout the
document was carefully maintained by placing
any relevant but bulky material in appendices.
In this way readers did not have to ask themselves why the document had been written and
what one was supposed to do about it.
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H. T. - I see now what you meant when
you said that your first objective was to
ensure that the WMO Secretariat became
a fully effective element in the whole complicated machinery necessary for the fulfilment of the overall purposes and functions of WMO. Would you please say
something about your second objective achieving the highest standard of scientific and technical work of the Organization
as a whole.
D.A.D. -This objective hinged on the scientists and other experts from Member countries
who gave their services to WMO through the
various constituent bodies (technical commissions, regional associations and so forth), but
the real value of their work depended heavily
upon the efficiency of the Secretariat. it is
impossible to enumerate here all the benefits
that Members have derived through WMO from
progress in science and technology, but it was
indeed fortunate that when such remarkable
advances as Earth-orbiting satellites appeared,
WMO was able to apply them for meteorological purposes. In this case, WMO responded
promptly and effectively to two resolutions
adopted by the United Nations General Assembly. One led to the introduction of meteorological satellites and hence to the most important operational programme WMO has ever
undertaken: the World Weather Watch (WWW).
The second resolution led to that most significant exercise called the Global Atmospheric
Research Programme (GARP). There are many
other examples.
H. T. - Let us dwell a moment on these
two programmes, WWW and GARP. They
have been of such fundamental importance to WMO's progress that some further comments on the circumstances surrounding them would seem to be called
for.
D.A.D. -As I have just said, it was the advent
of meteorological satellites that made it possible to contemplate these new and ambitious
global programmes. The first artificial satellite
to orbit the Earth was launched by the USSR in
October 195 7. I remember that the ninth session of the Executive Committee was in
progress at the time, and even then remarks
were made about the enormous potential

value of this advance to meteorology. it was
the USA that developed the first meteorological satellite, TIROS-1 (Television Infra-Red
Observation Satellite), which was launched in
April 1960. In the meantime the United
Nations Committee on the Peaceful Uses of
Outer Space had been studying various practical applications of space technology, studies
in which WMO had, of course, participated
fully. it was at its sixteenth session in 1961
that the UN General Assembly adopted the
resolution to which I have already referred, no
doubt partly inspired by the memorable call
for action by the late President John Kennedy.
The resolution asked that a report be submitted to the Economic and Social Council a few
months later recommending the appropriate
organizational and financial arrangements necessary: (a) to advance the state of atmospheric science and technology so as to provide greater knowledge about the basic physical forces affecting the climate and the possibility of large-scale weather modification; and
(b) to develop existing weather forecast capabilities and to help Member States make effective use of such capabilities through regional
meteorological centres.

H. T. -That resolution was addressed
expressly to WMO?
D.A.D. -That particular clause of the resolution, yes. it called upon WMO to prepare the
report in consultation with various other interested governmental and non-governmental
bodies. Well, there were only two countries
which at that time had any real experience with
spacecraft, namely the USA and the USSR. So
in order to act on the UN resolution in an effective manner I invited each of these two countries to send a top-level scientist to work with
me in Geneva to prepare a report on the
advancement of atmospheric sciences and
their application in the light of developments in
outer space. The response was both prompt
and positive: Dr Harry Wexler and Academician
V. A. Bugaiev were sent by their respective
countries at no cost to WMO (not even travel
expenses or per diem). The report was well
received and its recommendations in due
course received the blessing of the United
Nations. In fact the report constituted the
blueprint for the WWW programme that soon
followed.
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H. T. -The WWW was in effect conceived
for operational purposes, to be complemented by the Global Atmospheric
Research Programme?
D.A.D. -it is safe to say that our report
impressed the General Assembly sufficiently to
convince it of the need for a joint, world-wide
approach to providing meteorological services
and for a major research effort. As you know,
the outcome of the Assembly's resolution
in 1962 was GARP, planned and executed jointly by WMO and the International Council of Scientific Unions. it would be difficult to enter into
greater detail here about either WWW or GARP;
simply, a very large part of my efforts during
the 24 years I served as Secretary-General
were devoted to their approval and subsequent
implementation. it is therefore a source of
great satisfaction to me that both programmes
were so outstandingly successful, and that
together they may be considered as marking
the introduction of a new era in the science
and practice of meteorology. Then, towards
the end of my term of office, WMO launched a
third major programme-the World Climate
Programme-which was enthusiastically welcomed by all countries. However, I leave it to
others to comment in due course on its success.
H. T. - I realize that you cannot possibly
comment on all the scientific and technical activities of WMO during your period
as Secretary-General, but I wonder if
there are not one or two specific developments that you would like to mention?

the perception grew stronger that WMO needed to involve itself in hydrology, and my personal feelings were that the decisions of
Congress and the Executive Committee to
bring hydrology back into the fold were the
right ones. I was convinced that the two subjects of meteorology and hydrology should be
treated together in both their practical and
scientific aspects. I would now go further and
point to the many geophysical topics that
have now become world problems: the ozone
layer, the greenhouse effect and environmental matters in general. I believe that in the
course of time the countries of the world will
find that the simplest way to deal with the scientific aspects of these problems on a global
scale will be to refer them to WMO, expanding
the Organization accordingly. Its name might
need to be changed to something like the
World Geophysical Organization, but that
would not be difficult. A number of bodies
associated with the United Nations could then
be dispensed with and the consideration of
the problems on a global scale would be simplified. Seismology could be included as it
was when I was in East Africa. I recall writing
a paper along these lines while I was still in
office, but I did not distribute it widely
because I felt my main duty at the time was to
place WMO in a position to meet the responsibilities it already had.

H. T. -We still have to discuss your third
objective, namely that WMO should play
its full role in the United Nations system.
What can you say about that?

D.A.D. -One of the most significant developments, and one to which I have not yet
referred, is in the field of hydrology. I was particularly conscious of this because, as I mentioned earlier, I had found that the East African
Meteorological Department could not adequately meet its local needs without including
specific functions in hydrology. it was therefore with great interest that I followed the discussions as to whether WMO should follow a
similar course. The first step in this direction
was the establishment of the Commission for
Hydrological Meteorology in 1960. In fact the
IMO had constituted a Commission for Hydrology, but it had not been maintained by First
Congress. During the 1960s and early 1970s

D.A.D. - it should be clear from what I have
already said that WMO developed a high
degree of co-operation with the UN system; the
General Assembly resolutions that spawned
WWW and GARP surely proved that there was
close and fruitful collaboration between us.
Another shining example has been WMO's participation in the United Nations Development
Programme, under which technical assistance
is provided where it is needed in developing
countries. I need hardly stress the importance
of this to WMO which depends on all countries,
large and small, playing their full part in implementing its programmes, and, of course, drawing in full the benefits that accrue from them.
All in all, this has been one of the most significant features of WMO's activities as a whole.
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H. T. -What about the other specialized
agencies?
D.A.D. -When their sphere of activity
impinges on meteorology or hydrology, the
agency concerned and WMO have signed individual agreements on collaboration and co-ordination which are to the benefit of both parties.
This co-operation is greatly facilitated by the
Administrative Committee on Co-ordination
(ACC) which comprises the executive head of
each Agency, with the UN Secretary-General as
chairman. I always found sessions of the ACC
particularly interesting and helpful. Moreover,
each agency is required to submit an annual
report to the UN Economic and Social Council,
thus keeping the New York Headquarters fully
informed of our activities. With all this I really
feel that my third objective has been achieved.
H. T. - Did you have any special role to
play in the ACC?
D.A.D. -The ACC did not normally divide itself
into small groups or rapporteurs. We were all
heads of agencies and had difficulty in finding
time even to attend the ACC sessions. In any
case our deputies would have preliminary
meetings as and when necessary. Occasionally
a study group would be appointed to report on
some specific subject. I remember that
in 1971 I was asked to serve as chairman of a
small group set up to study the environment.
You will remember that the UN Conference on
the Human Environment took place at Stockholm in June 1972 (this was the conference
that gave birth to the United Nations Environment Programme with which WMO has
engaged in many important projects). I
addressed the conference on behalf of the
ACC.
H. T. - Could you say a few words about
the different UN Secretaries-General with
whom you have served on the ACC?
D.A.D. -When I was appointed in 1955 the UN
Secretary-General was Dag Hammarskji:ild.
I consider it a great privilege to have known and
worked with this man. He was a person of high
intellectual ability who had the courage of his
convictions, yet at the same time he was very
modest. As I have already explained, as
UN Secretary-General he was ex officio chair-

man of the ACC, but he constantly reminded us
that this was a case of primus inter pares since
we had all been elected by representatives of
governments just as he had. Hammarskji:ild
showed a genuine interest in the work of each
agency, even the relatively small ones like
WMO. He always began each session of the
ACC with a closed meeting from which all ancillary staff were excluded. After explaining the
main features of the current work of the United
Nations he made a point of inviting each member of the ACC to explain any aspect of the
work of his own organization which might be of
interest or concern to the others. I well remember his tragic death in an air accident in Africa.
lt was in 1961 when the UN was trying to find a
solution to the rather chaotic conditions when
Zaire, (the Belgian Congo), was in the process
of becoming independent. I had been to that
country at his request in order to ensure that an
adequate aeronautical meteorological service
was available for the UN transport aircraft. lt
seems that the whole air operation was in danger of stopping because most of the aircrews
had no experience of tropical conditions and did
not wish to fly without a reliable meteorological
service. Shortly after my return I was required
to make another trip, this time to Cairo and
Addis Ababa. The flight from Cairo was during
the night and it was early morning when
I arrived at Addis Ababa. On the tarmac at the
foot of the aircraft stairway stood several sadlooking men; one was the Executive Secretary
of the UN Economic Commission for Africa
which has its headquarters in Addis Ababa, and
another was one of my own staff who had been
sent ahead of me. They informed me of
Dag Hammarskji:ild's death and said that a ceremony had been arranged that day. lt would be
an occasion to mourn his passing and pay tribute to his achievements. They had arranged for
me to speak on behalf of the specialized agencies, and I did so in all sincerity. lt was a very
moving ceremony. A few days later the coffin
arrived in Geneva where I attended a no less
moving tribute before his body was flown home
to Sweden for burial. Several weeks later when
I was visiting the country I made a special journey to Uppsala to see his grave.

H. T. -You clearly held Hammarskjold in
high esteem, and I have heard others
speak very highly of him and his attitude
to his job. His successor was U Thant.
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D.A.D.- He too was a man of many qualities,
but qualities which were, in my view, quite different from those of his predecessor. If he did
not have quite the personality of Hammarskjtild, he seemed endowed with a sense
of political acumen and judgment which served
him well in his work for the UN. As far as the
ACC was concerned, his unfailing tact and
courtesy allowed a spirit of friendly co-operation to prevail at all times. U Thant died
in 1974 shortly after he left the UN, and by a
strange coincidence I also took part in a ceremony to honour him. lt was decided to plant a
tree to his memory in the grounds of the Pa/ais
des Nations at Geneva, and since by that time
I was the doyen of the executive heads of
agencies I was invited to speak at the treeplanting ceremony. My impressions of U Thant
may best be summed up by quoting from my
remarks on that occasion. Having referred to
his work for the UN, I went on to say:

I left WMO. He asked to see me before the
opening of the ACC session. The General
Assembly was in session and the SecretaryGeneral had to be constantly available to join in
the discussion of a difficult political question.
I therefore saw him in an office close to the
Assembly Chamber and not in his usual office
on the thirty-eighth floor. Without any prior indication of his intention, and with just the two of
us present, he presented me with the United
Nations Peace Medal. I was quite astonished
since alii had been expecting were some kind
remarks about my 24 years as a member of
the ACC and the customary good wishes for
the future. it transpired that I was the first head
of a specialized agency to be so honoured.
The summary record of that ACC meeting
includes the following:
'The chairman said that he wished to express the
gratitude of the ACC to Mr Davies, retiring Secretary-General of the World Meteorological Organization, for his many years of important contributions to ACC and the United Nations system in
general. His dedication and support for their joint
endeavours had been tireless. Under his direction
the World Meteorological Organization had
achieved many significant practical breakthroughs. He had made constant efforts to
strengthen its relations with the United Nations,
and had greatly enhanced the effectiveness of
the system as a whole. One need only recall the
part he had played in the preparations for the
Environment Conference in Stockholm. He said
that he spoke for all members of the ACC in
expressing heartfelt appreciation to Mr Davies.'

'U Thant brought his great talents to bear in this
field [the ACCJ no less effectively and no less
conscientiously than in the activities of the United
Nations itself.'

And my closing words were:
'In many ways [a tree] symbolizes the man. His
feet were firmly placed in the good earth of reality like the roots of a tree; but his wishes and aspirations, like the branches of a tree, extended
ever upwards to the sky wherein the ultimate United Nations goals of world peace and social justice are to be found. Let us all hope that, high as
this goal may be, it will not be found to be
beyond man's grasp; and let us strive with all our
power to attain it.'

H. T. - You evidently had great respect for
U Thant too. I can assure you that his tree
is flourishing. Can you tell us something
about the next UN Secretary-General?

D.A.D. -This, of course, was Kurt Waldheim
of Austria. He took office in 1972 and was still
there when I left WMO at the end of 1979.
Since leaving the UN he has become Head of
State of his country. Like his predecessors he
was a man of many qualities. He certainly
brought to the office the knowledge, experience and skills of a well-seasoned and polished
diplomat. I have several personal memories of
Kurt Waldheim, all happy ones I am glad to say.
The occasion which comes most readily to
mind was when I attended my last ACC meeting at New York in October 1979, just before

Needless to say, these kind and perhaps overgenerous words made me very happy, especially as they had been spoken in the presence
of my colleagues from the other specialized
agencies, many of whom I had known and
worked with for many years.

H. T. - Being for almost a quarter of a
century at the head of the WMO Secretariat, you must have made many journeys to
the various Member countries. How did
you decide which countries to visit, and
how did you formulate the programme for
each visit?

O.A.O. -My previous responsibilities as president of the Regional Association for Africa had
already convinced me of the value of personal
visits to Member countries. Now, however, my
area was not just the African continent; it was
the whole world. Moreover, WMO was now my
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full-time occupation, and I soon found that a
good part of my time would need to be spent
in travelling. The reasons behind such visits
would vary, but the underlying principle was the
need to keep in close touch with individual
Member countries and discuss with the appropriate government representatives the ways in
which the country in question could assist in
furthering the programmes of the Organization,
and benefit from them. In many cases it would
also be necessary to discuss what assistance
was needed and what the Organization could
do to ensure that such assistance was forthcoming. lt would serve no useful purpose to list
all my visits, although I still have the files which
record every official journey I made. Long
before I retired I had already covered more
than a million miles (or well over a million-and-ahalf kilometres). Indeed, one of my daughters
suggested that a suitable alliterative title for
my memoirs if I ever wrote them would be
'A million miles for meteorology'. A visit to a
Member country would always be made at the
invitation of the country concerned, and each
year there were many more invitations than
could be accepted. The criteria I applied were
whether a visit would be of practical benefit as
regards the effectiveness of the national
Meteorological Service in aiding the economic
and social development of the particular country, and/or whether it would further the implementation of the global and regional programmes of the Organization. On arrival in the
country I would normally be met at the airport
by a senior officer of the Ministry of Foreign
Affairs and the Director of the Meteorological
Service .We would then all be taken to a government guest house or reserved suite in a hotel.
Meetings with ministers concerned, and in
some cases the prime minister or head of

state, would follow. Frequently the visit would
coincide with the opening of a conference or
seminar, and I would be required to make a
speech for the occasion. Such speeches were
usually carefully prepared beforehand. Most
would be in English, with French a good second. Quite a few had to be in Spanish (which
I could manage without undue difficulty) and
one or two very short pronouncements had to
be made in Russian. During my term of office
Arabic and Chinese were added to the official
languages of WMO, but I never found time to
aspire to those apart from the few words that
politeness demanded. A great feature of all
these visits to Member countries was the
warmth with which I was welcomed. This was
not only very pleasant, but also reassuring
since it confirmed my belief in the importance
of the work that WMO was doing and in the
spirit of international co-operation that prevails
throughout the Organization.

H. T. - Could you mention one or two
among your innumerable visits that were
of special significance or of particular
interest?

D.A.D. - One mission that drew a great deal
of attention at the time was my first visit to the
People's Republic of China soon after it had
been recognized by the United Nations and
WMO. I was, in fact, the first head of an organization in the United Nations family to be invited
to Beijing, as was noted in an article in
The Times of 18 March 1972. A diplomat from
the Chinese Embassy in Bern had come to see
me in Geneva and we had had a long discussion. A few days later I left on a mission to
Bangkok and on my arrival the official invitation
from China was awaiting me. I completed my

Beijing, 23 March 1972- At the Ministry of Foreign Affairs of the People's Republic of China. Left to right:
Mr Yeh Cheng-pa; Mr Pi Chi-lung; Dr Davies; Mr Chi Peng-fei, Minister of Foreign Affairs; Mr Yang Yu-gang, interpreter; Mr Meng Ping, Director of the Central Bureau of Meteorology; Mr Chang Nai-chao, Deputy Director
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business in Bangkok and flew on to
Hong Kong. Two days later I walked across
the bridge spanning the river that separates
Hong Kong from China, clutching my /aissezpasser and hoping that someone on the other
side would recognize the diplomatic visa that
had been inserted the previous day, apparently the first ever to be in a /aissez-passer.
I need not have worried. I was met by three
Chinese men whom I had never seen before
but who evidently knew me, and from that
moment until I left China a week later I was
treated with the utmost kindness and courtesy. I spent that night in a government guesthouse in Canton, having journeyed from
Hong Kong by train in a reserved compartment. The next day I was flown to Beijing
where the welcome I received was equally cordial. They were rather surprised that I had
arrived alone, without even a secretary. I
explained that, for various reasons (not least
the budgetary situation of WMO), this was my
normal procedure. Discussions began the next
day, and then I began to understand the reason for their comments about the absence of
a secretary. We met in a large room adjacent
to the suite allocated to me. Each morning
was given over to a discussion with a group of
my hosts, a few of whom were from the
Meteorological Service, the others being high
officials from other governmental departments. Some of the questions were on the
activities of WMO, and frequently on the activities of the UN system as a whole. The afternoons were set aside for visits to the many
places of interest in and around Beijing, including the Great Wall and the 'Forbidden City'. In
the evening there would be what they called,
with justification, a banquet. Then back at my
hotel I would write up the day's proceedings
and prepare notes for the following morning's
discussion. A secretary would certainly have
been very useful. U Thant took a great interest
in my visit and we had long discussions on the
subject, and the executive heads of the other
specialized agencies were no less interested.
As far as WMO was concerned, it was the
beginning of a propitious relationship, and
I hope for China too. Some 15 years later the
Director of the Chinese State Meteorological
Administration was elected President of WMO.
I made subsequent visits to China at the invitation of the Government, including one after my
retirement, and enjoyed them all.

H. T. -That was an interesting account of
what was, in many ways, a unique visit.
I quite see why you have such pleasant
memories of it. Were any other of your
missions as remarkable as that?
D.A.D. -A visit of a different kind was to
Antarctica in 1960. Because of the International Geophysical Year, and under the provisions
of the Antarctic Treaty, several countries had
established scientific bases down there, and
WMO was naturally involved in the meteorological programmes and for the regular transmission of observations. I was invited by the
USA to visit their Antarctic stations, and I readily accepted. The officer in charge of the US
activities in that region was, if I remember correctly, Admiral Tyree, a retired officer of the US
Navy. I had to report to Christchurch airport in
New Zealand where I was issued with an outfit
of polar clothing and was soon on my way to
McMurdo Sound aboard an aircraft sent by the
Admiral. lt had been explained to us that during
the flight the temperature in the cabin would be
allowed to fall and that we should put on our
polar clothing bit by bit to keep ourselves
warm. This was to avoid the dangerous shock
of stepping from a heated aircraft into temperatures of -30° or -40°C. So when we set foot
on the ice of McMurdo Sound we were completely clad in our special clothing, which
included face masks. The only way of distinguishing us was by the colour of labels pinned
on our outer garments. The warmth of the welcome when I entered the Admiral's Flag Quarters was a relief. The accommodation in the
Flag Quarters was simple but perfectly adequate. I recall that there was a notice stressing
the need for economy in the use of water. This
surprised me until it was pointed out that,
whilst the raw material for water was abundant,
to convert the ice and snow into water required
heat, and heat at that time meant oil shipped
from California. Moreover, if you had some precious water but failed to keep it in a suitably
warm place, it would quickly revert to ice and
all the energy used would have been wasted. I
was not surprised to learn later that some form
of nuclear power plant had been installed at
McMurdo for heating purposes. The journey
from New Zealand had been tiring and I went to
bed soon after my arrival. However, I had previously expressed the wish to visit the AmundsenScott base at the South Pole if possible, and
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after a few hours' sleep I was told that I could
join a flight that was taking off shortly. I should
have mentioned that all this took place at the
end of October, the southern spring season.
The Americans at Amundsen-Scott had been
there throughout the winter, and it was only
when daylight had returned but while the sea
ice in McMurdo Sound was still sufficiently
thick to bear the weight of heavy transport aircraft that supplies and mail could be airlifted to
the South Pole. At that time, it was not possible to land these aircraft actually at the Pole;
everything had to be dropped by parachute. I
am sure that this does not apply nowadays.
The aircraft I boarded was a C87 Hercules of
the US Army. The 1 400-km flight over the
Antarctic continent, rising from sea-level at
McMurdo to about 2 800 m at the Pole, was
breath-taking. During the drop I was able to
take a few photographs through the open
hatch in spite of being severely hampered by
face mask and two pairs of gloves. I keep
them as a precious souvenir of a remarkable
occasion. The round flight took over nine
hours. A few hours later I was in a helicopter
being taken to visit the base hut of the British
Antarctic Expedition of 1910/1913 under
R. F. Scott. The next day I visited a neighbouring station operated by Australia, but this journey was made by surface in one of the vehicles used by a previous trans-Antarctic expedition. There was some concern at base the day
after that because a crack had appeared in the
sea ice of McMurdo Sound and it was necessary to ascertain promptly whether this was
the first sign of the summer break-up (which
was not expected for at least another month)
because if it were, the operation of heavy aircraft on the sea ice would have to stop. The
scientists concerned (mainly glaciologists,
although they were polite enough to invite me
to take part) inspected the crack and discussed the matter, and, to everyone's relief,
concluded that the crack was superficial and
that aircraft operations could continue once
the crack had been filled in. The return journey
to New Zealand was not very joyous because
we were transporting a number of scientists
and aircrew who had been in a special research
aircraft that had crashed on landing at McMurdo, it being this accident that had drawn attention to the crack in the sea ice. I still recall the
ambulances and other vehicles awaiting us at
Christchurch. The date was 1 November 1960.

H. T. - I think that those two very different
examples show clearly how important
such visits are to WMO and how interesting they must have been for you. We
seem to have covered, or at least touched
upon, most of the significant aspects of
your work as Secretary-General. However,
I should still like to ask about your activities since your retirement.
D.A.D. - Certainly, but before leaving the subject of official visits, may I take the opportunity
to record my gratitude and appreciation to all
those who were involved in my innumerable visits. The list includes virtually every Member
country of WMO-some of them many
times-and the list of individuals concerned is
many times that number. In every case I was
treated with the utmost courtesy and respect.
Needless to say, I did my best to respond in a
similar manner and to be as helpful and constructive as possible. Well, when I retired I was
66 years old, and looking forward to a rather
less active life than that I had been obliged to
follow during the previous quarter of a century.
At the same time, I still wished to serve WMO,
and indeed the United Nations cause as a
whole, a wish reinforced by the decision of
Eighth Congress to confer on me the title 'Secretary-General Emeritus' and the award of the
UN Peace Medal. As regards my wish to continue serving WMO, my successors have allowed
me to keep in close touch with WMO and its
activities.

H. T. - I know from personal experience
the great assistance you have continued
to render to WMO since your retirement
ten years ago, but I shall leave it to you to
select an example.
D.A.D. - An example that readily comes to
mind, and to which you were yourself an important contributor, was the preparation of the
recently published book Forty Years of
Progress and Achievement - A historical
review of WMO. Some years earlier,
Professor Obasi and I had informally talked
about the idea of placing on permanent record,
but in an easy-to-read narrative, the increasingly significant services that WMO renders to its
Members. When various proposals were being
considered for marking the fortieth anniversary
of WMO, the preparation of a historical review
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was included as part of the formal anniversary
programme. The Secretary-General asked me
to be the editor of this work, and I readily
agreed. In order to ensure that the many different aspects of this project were given appropriate attention, a small group was set up, each
member of which had special knowledge and
experience in some aspect of WMO's activities.
The group comprised 0. M. Ashford, S. Gupta,
P. J. Meade, G. K.Weiss and yourself. The
names are, I am sure, well known to most meteorologists: four are retired WMO staff and the
fifth, Pat Meade, had a distinguished career in
the British Meteorological Office and also rendered, and still renders, valuable services to
WMO. Each member of the group made an
important contribution to the book, and I should
like to take this opportunity to repeat my appreciation and gratitude to them all. The book was
appropriately launched on 11 June 1990, the
opening day of the forty-second session of the
Executive Council in the fortieth year of WMO's
existence. The book has been well received and
I feel sure that all members of the group will
agree that the time and effort we put into it are
well justified. Another of my retirement activities
for WMO was to write some four years ago the
booklet entitled 'Meteorology-a model of international co-operation' which explained the benefits that WMO has derived from the remarkable
spirit of world-wide collaboration that has grown
up in the field of meteorology. This, too, was
well received.

courses and talks and receives distinguished
personalities who wish to show their support
for its work. For example, the present Secretary-General of the UN, Mr Javier Perez de
Cuellar, himself paid a visit in 1986, and Professor Obasi, Secretary-General of WMO, came
in 1988 when he also gave a lecture on
meteorology at University College and visited
local meteorological installations. The Secretary-General of the International Maritime Organization (IMO) (which is the only United Nations
specialized agency based in the United Kingdom) has visited the Centre and South Wales
shipping installations on several occasions. I
could cite many other well-known names in this
context.The Welsh Centre is also very much
involved in education, its activities being supported by all the local education authorities of
Wales. Operating through the International
Youth Service of the United Nations Association (Wales), some hundreds of UN Volunteers
give their services each year. The Centre publishes special papers on issues of current
concern and has a legal affairs committee that
holds biennial conferences in conjunction with
such bodies as the European Court of Justice
and the Human Rights Directorate of the Council of Europe. The very able director of the Centre is, naturally, a Welshman, Mr W. R. Davies.

H. T. -What exactly is your own connection with the Centre?
D.A.D. - I assist the Centre in any way I can.
Often I can help with such things as visits by
important people, especially those in the UN

H. T. - You also mentioned a continued
interest in the cause of the United Nations
since your retirement. Could you say
something more about this?
D.A.D. -lt was not until I returned to live in
the United Kingdom that I found I could do
something useful in this direction. Being a
Welshman, I made contact with the Welsh Centre for International Affairs. lt is housed in a
building in Cardiff appropriately named the
Temple of Peace, and happens to be very
close to University College that I attended as a
young man; it was then under construction and
recently celebrated its fiftieth anniversary. The
Welsh Centre operates on a non-governmental
basis and is highly active in many United
Nations programmes. lt sponsors numerous
projects in developing countries under the UN
Freedom from Hunger campaign. lt arranges
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Cardiff: 1986- Visit of the Secretary-General of the
United Nations to the Welsh Centre for International
Affairs. Left to right: the Lord Mayor of Cardiff; Sir
Arthur Davies; Mr Perez de Cuellar; Lady Davies

system. I write an occasional article, or give a
talk. I can offer comments and advice on questions referred to me, and so on. My official
designations are vice-president (of which there
are many) and honorary consultant (of which
there are few).

H. T. -lt is clear that the Welsh Centre renders valuable services to the UN cause and
I can well understand your willingness to collaborate. Turning now to a somewhat different matter, I believe that since you retired
you have received several honours and
awards. Please would you say something
about these-your knighthood for example?
D.A.D. - Perhaps I should first say a word
about some that I accepted prior to retirement.
The title Secretary-General Emeritus and the
UN Peace Medal I have already alluded to, and
need say no more than that I appreciate both
very greatly. A Secretary-General in office must
avoid accepting any honour or award that
could possibly be interpreted as denoting a
departure from the complete impartiality that
he must show towards every Member country.
Thus the only other awards I accepted when in
office were from a small number of universities
and academies of science, and honorary membership of meteorological societies of several
countries. On leaving WMO the situation
changed, and a few months later I was honoured in my own country by the award of a
knighthood conferred on me personally by His
Royal Highness the Prince of Wales at a ceremony where I was accompanied by members
of my family. I was very proud to receive this
honour which I have always felt carries with it a

mark of appreciation for WMO itself. Another
post-retirement distinction that I hold in very
high esteem is being selected for the IMO Prize
in 1985. lt is strange to recall that, as a member of the Executive Committee at its sixth session and as delegate to Second Congress in
1955, I was involved in establishing this Prize,
using financial assets inherited by WMO from
IMO. Little did I think that, some 30 years later,
I would be a recipient of the Prize. I must
explain that most of the resources taken over
from IMO were actually used to obtain better
pensions for the few long-serving IMO staff who
were transferred to WMO. Only a relatively
small sum was left over, and it was used to
commemorate the IMO through the award of
the annual Prize. I get a warm feeling inside me
when I read the list of recipients and see my
name among them. Before leaving the subject,
I should also add that the University of Wales
deemed it appropriate on my retirement to recognize my services in WMO through the award
of an honorary doctorate and fellowship of my
College. Finally, I was very happy in 1985 to
receive the Cleveland Abbe Award of the American Meteorological Society. I feel I should stop
there. I hope you have the information you
need.

H. T. - Sir Arthur, it has been a great privilege to conduct this interview with you and
to relive those many crucial years in the
growth of WMO. Thank you very much
indeed for contributing so freely to the
series of interviews. I am sure that all readers of the WMO Bulletin and staff members
past and present will join me in congratulating you on all your achievements.
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Dr Henry Stommel

The New England peninsula that culminates in
Cape Cod is low-tying with an irregular coastline made up of long beaches, bays and inlets.
The Pilgrim Fathers landed from the Mayflower
near here on 21 December 1620 and nostalgically named many of their settlements after
places they had known back in England: Plymouth, Chatham, Truro and Fa/mouth for
example. Conditions in New England were not
ideal for agriculture and much dependence
had to be placed on the harvest from the sea.
On a south-western promontory of the Cape
Cod peninsula convenient for crossing to the
nearby Elizabeth Islands and Martha's Vineyard
grew up the fishing village of Woods Hole.
Its situation in a region of contrasting
ocean currents made Woods Hole eminently
suitable for marine scientific research, which
started in 1871 with studies of fish and invertebrates, leading to the construction of the first
marine station in the USA in 1885. The Woods
Hole Oceanographic Institution (WHOIJ was
founded in 1930, complementing the Scripps
Institution of Oceanography that already existed
on the Pacific coast in California. it was given
a research vessel of its own, the RV Atlantis /1,
and the director for the first 10 years was
Henry Bryant Bigelow.
In September 1944, a new research
assistant joined the staff of the WHOI. Henry
Melson Stommel (then 24) had been giving
courses in mathematics and astronomy tor
service personnel at Yale University, but he
soon found that the marine activities at Woods
Hole were far more to his liking and he settled
down there without difficulty.
.
He had been at Woods Hole barely three
years before he made his mark in oceanography with the publication of a short but consequential paper entitled 'The westward intensification of wind-driven ocean currents'. His
distinguished colleague Arnold Arons wrote:
He {StommeiJ is diffident, almost apologetic
for what he regards as his "limited mathem~ti
cal capacity" _in dealing with the complexity of
oceanographic problems, yet in this "limitation"

Dr Henry Stommel with his wife, Elizabeth, on the occasion of his 70th birthday celebrations

perhaps lies much of his strength. With consummate artistry he constructs a model having
just the right idealizations to make it tractable
and just the right physical content to make it
illuminating; then with the simplest mathematical methods he extracts the deep and signif~
cant phystcalmstghts that hitherto had not
been attained.

In 1960 Stommel went to Harvard University as Professor of Oceanography but felt out
of place there. After three years at Harvard he
transferred to the Massachusetts Institute of
Technology (MIT) where there were more of his
colleagues: Jule Charney, Norman Phil/ips and
Victor Starr. He forged still closer links
between MIT and WHO/ where he spent the
greater part of his working week and actively
encouraged exchange visits by workers in geophysical fluid dynamics (GFD), often taking
them in his own car. From Woods Hole to MIT
is a little over 100 km and Stommel is known
as a slow and careful driver. F. C. Fuglister
recalls one occasion when Cari-Gustav Rossby,
stepped out of the car at MIT and, stretching
himself, was heard to remark: "lt seems like we
left Woods Hole only yesterday!"
He returned to WHO/ in 1978 and since
that time has been working as senior scientist.
Dr Stommel received the American Meteorological Society Sverdrup Medal in 1964, the
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Albatross Award in 1966, the Bigelow Medal in
1974, the Maurice £wing Award in 1977, the
Rosenstiel Award from the American Associa·
tion for the Advancement of Science in 19 78,
the Agassiz Medal of the US National Academy
of Sciences in 1979, the Huntsman Award of
the Bedford Institute of Oceanography in 1980,
the Monaco Grand Prix d'Oceanographie and
the AGU Bowie Award in 1982, the Crafoord
Prize of the Royal Swedish Academy of Sci·
ences in 1983, the Albert Oefant Medal of the
German Meteorological Society in 1986 and
the National Medal of Science of the USA in
1989. He is an honorary member of the Ameri·
can Academy of Arts and Sciences and National
Academy of Sciences, the USSR Academy of
Sciences, the French Societe de Geographie
and Academie des Sciences and the Royal
Society of London.

We are most grateful to Or Stommel for
having received Or Taba and according him the
following interview on 20 September 1990.
Or Taba says that after the interview he had an
interesting discussion with Or Stommel and
Or James Luyten on the attitude of oceanographers towards meteorologists and vice versa.
lt seems that Woods Hole scientists regret the
fact that meteorologists still fail to appreciate
the importance of processes taking place deep
down in the ocean, even though they now con·
template predicting climatic changes. They
also lament what they see as the absence of
any programme in the marine planetary bound·
ary layer at the Institution.

Institution commands considerable
respect in the meteorological community
and it is a great pleasure for me to visit it.
I feel it is particularly appropriate that
the WMO Bulletin should publish an interview with a renowned oceanographer at
this time when the attention of the world is
focusing on the Second World Climate
Conference that will soon take place in
Geneva*. But before we embark on scien·
tific matters, please tell readers a little
about yourself: your family background
and your upbringing.

H.M.S.- My father was a German chemist
who came over to the USA to work for the
Dupont Company at the time of the First World
War. He met and married my mother who was
American. Except for one ancestor from the
Micmac tribe of North American Indians in
Canada, my forebears on my mother's side
were mostly early settlers from Europe. I was
born on 20 September 1920 at Wilmington in
Delaware. In 1921 we moved to Sweden, but
my parents separated and my mother moved
back here. We lived with my great-grandmother,
grandmother, an aunt and her daughter. My
mother had to work terribly hard to support us;
by 1927 it became so difficult for her to find
employment that we moved to Brooklyn in New
York city and I started attending school there.
I was attracted to science, but in those days
the only intellectual nourishment for children in
this field had to come from books like
F. A. Collins's The Boy Chemist or magazines
like Popular Mechanics. This made me and a
few like-minded schoolmates want to make
some experiments, and we would take the sub·
way downtown and buy the chemicals we
needed. At that time there were no restrictions
on the sale of potentially dangerous reagents to
young people, so we had a great time and luckily avoided serious accidents. I took a certain
interest in astronomy too, but none of us had
any exposure to the theoretical and mathemati·
cal aspects of either astronomy or chemistry.

H. T. - But I understand that you won a
scholarship to Vale University?

H. T. - Dr Stommel, thank you for the
invitation to meet you here at Woods Hole.
I can assure you that the name of the

H.M.S. -I was thankful to have the scholarship because there was no way I could have
• 29 October-9 November 1990
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tory from time to time in connection with his
various research projects supporting the war
effort. His name was Lyman Spitzer, Jr.; he was
soon to become director of the observatory at
Princeton University and, later still, played an
important part in developing the Hubble telescope. One of Spitzer's fields of research was
submarine acoustics. He saw how I was floundering around, detected my awakening interest
in the marine environment through my celestial
navigation work, and suggested I ask for an
interview with the then director of the Woods
Hole Oceanographic Institution, Dr Columbus
lselin, to see whether I might get a job there.
This worked out, and I started at Woods Hole
in September 1944.

gone to university otherwise. At Yale I took a
scholastic aptitude test: the counsellor told me
I had no talent at all for science. He thought
I would make a good lawyer-his analysis was
probably influenced by my shortcomings in the
quantitative aspects of science.

H. T. -So did you follow his advice?
H.M.S.- No. I was convinced that I was emotionally better adapted to dealing with physical
laws than with human affairs, and so continued
studying chemistry for two years. Then I was
converted to physics. I felt better attuned to
physics because from a few basic laws one can
build up a whole structure of theories by reasoning and imagination. As a matter of fact I had
eye trouble when I was young which made
lengthy periods of reading difficult, so that
another reason I favoured physics rather than
law was that there would not be all those briefs
to read and digest. In short, the rules of physics
are precise and relatively simple, unlike those
of jurisprudence. So I graduated from Yale with
a BS in physics in 1942, having also done
some astronomy.

H. T. -What sort of work were you given?

H. T. - What did you do next?
H.M.S. - I continued at Yale, supporting myself
by teaching analytic geometry and celestial navigation. The United States had entered the Second World War and there were a large number
of students from the army and navy. Having to
give the analytic geometry course was extremely
useful to me in that it showed the various possible misinterpretations that can be made. Having
made all the mistakes myself, I became quite
good at perceiving the students' misconceptions, and I think I was an effective teacher in
that particular domain.
H. T. - I assume you were following a
graduate course in physics at the same
time?
H.M.S. - I had chosen astronomy actually, but
found the course to be almost entirely made up
of complex celestial mechanics and was looking around for an alternative. The war had
aroused in me a crisis of conscience. I tried a
term at the divinity school, but that was not the
solution. A brilliant astrophysicist only a few
years older than me visited the Yale Observa-

H. M.$. -I was assistant to Professor W. Maurice Ewing, a very energetic and ambitious geophysicist who before the war had taken upon
himself the task of obtaining seismic profiles of
the sea bed. During the war he turned his talent to research into how sound propagates
under water in different conditions. He carried
out a number of observational programmes in
the sea around here at various times of the
year. We only had small boats and could not
venture out very far because of the danger of
enemy submarines. I must confess that my
first six months with Professor Ewing were
fairly confused because I had no idea what he
was aiming at, and the equipment was completely new to me. Maurice Ewing was, in fact,
doing excellent work, but he did not have the
gift of explaining his activities and discoveries.
He had found the underwater 'sofar' channel
that enables sound to travel huge distances
across ocean basins. But if I remained largely
in the dark about his scientific revelations,
I learnt much about life and work aboard small
ships. In short, I found my feet at Woods Hole.

H. T. -What was your next project?
H.M.S. -An important feature of naval warfare in the 1940s was the smokescreen, and
research was needed to find out how long
smoke could be expected to hug the sea surface under given conditions, and when it was
likely to rise and dissipate through turbulence
in the lower layers of the atmosphere. Another
reason for investigating the atmospheric
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boundary layer over the ocean was to find out
more about the kind of turbulence that could
be dangerous for take-off and landing on an aircraft carrier. These military considerations
resulted in an old Catalina amphibious aircraft
being available for in situ observations; it had a
nice psychrograph as part of its instrumentation and we tried to build an accelerometer to
measure vertical motion. Dr Jeffries Wyman, a
physiologist at Harvard, was a very versatile
scientist able to work creatively in other fields.
With Alfred Woodcock he organized an investigation over the Caribbean in 1946 that
became known as the Wyman-Woodcock expedition. Unfortunately, the vertical accelerometer proved to be inadequate to give a detailed
description of the lowest layers, but Wyman
realized that there was an excellent opportunity
to study Cumulus clouds in situ since groundtruth was available from naval vessels operat·
ing off Puerto Rico. In about three weeks they
amassed a great deal of valuable data. Wyman
showed them to me, observing that the temperature soundings in clouds were not adia·
batic, indicating an entrainment of air from out·
side the cloud. He suggested that I should
make a study of this entrainment and its effect
on the immediate environment. This was a
completely new field for me, and it is perhaps
strange that my first scientific paper should
have been on Cumulus clouds. I owe Wyman a
debt of gratitude for having given me the
chance, and for having referred me to Rayleigh's
1916 paper on convection which was a splendid introduction to hydrodynamics.

H. T. - I interviewed Joanne Simpson in
1985 and I remember her saying that she
too had worked on data from the Wyman·
Woodcock expedition at Woods Hole, so
no doubt your paths crossed?
H.M.S. -Ray Montgomery, himself a very
academic type, thought I should get more education. He took me to a meeting in New York
city attended by Professor C.-G. Rossby, and
the upshot was that I went to the University of
Chicago for a term. That was where I met
Joanne and Victor Starr, and also Paul Queney
who was visiting. Rossby gave some very elementary lectures on topics such as rotating
systems in homogeneous fluids, the ~-plane
and wind stress. I felt reasonably confident in
myself and that I could make out all right at

Woods Hole without spending three or four
years at Chicago getting a degree, so I came
back. With Rossby's lectures still fresh in my
mind, I was receptive to a suggestion by Ray
Montgomery that I should study the reason for
the strength and narrowness of the Gulf Stream
flow off the coast of North America. So
I started thinking about this, first simply in
terms of a non-rotating rectangular ocean with
anticyclonic wind stress, then adding the Coriolis force and finally putting it all on the p-plane.
I found there was a strong westwards intensification, just what was needed to explain the Gulf
Stream phenomenon. My paper "The westward
intensification of wind-driven ocean currents"
was published in the Transactions of the American Geophysical Union in 1948 and it was this
which really launched me into oceanography.
Here again I owe a debt of gratitude to somebody else-this time Montgomery-for having
given me the initial idea.

H. T. -What about your book Science of
the Seven Seas?
H.M.$.- That book was a source of considerable embarrassment to me. When I was giving
my celestial navigation courses I read quite a
lot of literature about the ocean, and it occurred
to me that a sort of synthesis of what I had
read might be useful to people in the seagoing
community. By the time Cornell Maritime Press
published the book in 1945 I had already
started working at Woods Hole. I had written
the text in about three week-ends and the director did not think much of it, and neither do I.
Thankfully, I think the book has faded into obliv·
ion by now so I can be less sensitive about it.
Oddly enough, it sold about eight times more
copies than any of my other six or seven books
so it was quite a commercial success. The royalties from it permitted me to spend some time
in the United Kingdom, notably at Imperial College, with a trip north to visit Lewis Fry Richard·
son-we measured turbulent eddy diffusion
from the relative motion of pairs of pieces of
parsnip thrown into a sea loch.*
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*For further details of this experiment, readers are
referred to Oliver Ashford's biography of Richard son:
Prophet or Professor? (Adam Hilger Ltd.), 211-213
(£d.).

H. T. -You wrote another book together
with your wife, I believe?
H.M.S. - I married in December 1950 and
moved out of the Woods Hole rectory, which a
number of bachelors were renting, into a house
we bought in Sippewissett, then a very rural
area with cows in a pasture and few year-round
residents. We were quite isolated in winter. That
is atl changed now, of course. There must be
four or five hundred permanently occupied
houses around there now. But to come to the
book which was much more recent (1983):
I had been intrigued by the stories I had read
and heard about the extraordinarily cold year of
1816 in North America and Europe. So my wife
and I started ferreting around in all sorts of
libraries, museums and the like to build up as
complete a picture as possible of this anomaly.
The book we wrote puts forward some ideas as
to the causes, but also investigates the various
consequences: did the economic impact influence people to move away from the areas most
affected? I wanted to give it the title "1816:
The year without a summer", but the publisher
preferred "Volcano weather", so it combines
both (Seven Seas Press, 1983). My wife did
much of the historical research and I did the
scientific interpretation.
H. T. -Your book entitled The Gulf Stream
became something of a classic, I believe?
H.M.S. -lt did not sell in such large numbers
as my first but there has been an enduring
demand for it. Therefore one might say that it
had a certain significance. I knew that lselin,
the director of the Institution, was interested in
the Gulf Stream and he always impressed me
as having sound judgement as regards values
and priorities. I was working in Bermuda in the
summer of 1953 trying to find out how the wind
actually drives the surface water (at lselin's suggestion). This involved measuring shear in the
upper layers of the ocean, so with the help of
technicians I built some 20 drifting buoys with
radio transmitters and drogues suspended at
different depths. We tracked-the-buoys by direction-finding equipment. The project dragged on
and, when its cost reached US$30 000, lselin
began to worry. I had to admit that the results
we were achieving were not all that good. So,
instead, I started long-term hydrographic observations down to depths of 2 000 m at a fixed

spot off Bermuda, and I think that now this has
become the longest series of such observations
at a fixed location in a subtropical ocean. My
hopes for the drifting buoy programme having
been at least temporarily frustrated, I decided
to turn my hand to writing a survey book on the
Gulf Stream, and it came out in 1956.

H. T. -Perhaps Rossby had had a more
profound influence on you than you realize because I understand that you were
one of the prime movers of a series of
joint seminars on geophysical fluid
dynamics between Woods Hole and the
Massachusetts Institute of Technology.
H.M.S. -In the early days we were really isolated at Woods Hole and starved for intellectual
exchange. Scarcely any theory existed in
oceanography and no geophysicists interested
in the ocean circulation worked there; there
were mainly geologists and marine biologists.
Our only regular connection with science outside was a monthly seminar when Ray Montgomery went over to Brown University in Providence, Rhode Island. But in about 1955 Jule
Charney and Norman Phillips came up to MIT
from Princeton so that a nucleus of very good
people formed, and each week either we would
drive up to MIT or the MIT group would come
to us for an informal seminar. Those geophysical fluid dynamics seminars went on for quite a
few years. In 1959 a regular GFD summer programme was organized here at Woods Hole by
W. Malkus and G. Veronis.
H. T. - Observational data on ocean
dynamics being so extremely sparse, how
did you formulate and validate your
theories?
H.M.S. -When I was in Bermuda it struck me
that it was a wonderful spot for an observatory, located as it was in the centre of a subtropical gyre. Then I began to consider what
sort of observing programme I would undertake if I had a research ship of some sort, but
concluded thatthere was unlikely to be anysig·
nificant difference on a space scale of some
100 miles and that a better idea would therefore surely be to look at a long-term series of
observations at fixed places near the island.
The most important feature would certainly be
the thermocline-the interface between the
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warm surface water and the cold water of the
depths. Even around Bermuda the depth of the
thermocline is much less than that of the ocean
bottom, and I asked myself why this should
be. That called for a study of the structure of
the thermocline, and since the matter was
becoming complicated I was driven back to
fundamental principles with which it would be
necessary to use average variables. I had my
own rather primitive theory of the thermocline
where the problem reduced to an ordinary nonlinear differential equation. A graduate student,
Allan Robinson, now a professor at Harvard,
helped me with the mathematics-in fact his
thesis was on the theory of the thermocline.
I had been talking about it with Arnold Arons,
and when Arons went on a sabbatical to Stockholm he must have spoken about it there
because Pierre Welander came out with a nice
independent paper. Our two papers were published in Tel/us.

H. T. - I remember meeting Arons in
Stockholm. Did you collaborate with him
in other fields?

H.M.S. - Underneath the thermocline in the
abyss there is all this cold water which I thought
must be subject to some simple laws. I worked
out some ideas with Arons about the flow pattern of deep water. I deduced that the Gulf
Stream must have a counter-current at deep
levels, although there had never been any
observations to suggest this. John Swallow in
the United Kingdom had developed some marvellous floats that could be tracked in deep
water, and I asked him to come over to see if
he could detect this counter-current which
I thought should be best in evidence off Cape
Romain in South Carolina. My colleague Valentine Worthington is a first-rate observational
oceanographer, and he took one ship to make
measurements of the density structure while
Swallow took another to track his floats. My
grounds for supposing there was a counter-cur·
rent were pretty thin, and so astonishment was
general when it was found actually to exist
(although I did my best to kid everyone that it
came as no surprise to me!). I believe strongly
that when a scientist thinks he may have made
a discovery, he should be prepared to stick his
neck out and make a public forecast. it is a
gamble, but if the forecast proves wrong, not
much has been lost (in fact useful knowledge

has usually been gained), and if it is right, well,
he wins the jackpot. I was elated and went on
with Arons to try to vindicate the theory that the
cold water from the North Atlantic flows under
the Gulf Stream and then curves eastwards and
northwards, but we were confident that the current would be very slow. So John Swallow
decided to come over again in 1959 with longlife floats which would be tracked at intervals of
a few weeks to find the motion. The floats had
acoustic beacons with a range of about five
kilometres. To our great surprise, the buoys
moved much faster than expected and were
likely to be lost in less than a week if left on
their own. What we had not anticipated were
the intense eddy motions in the deep oceans
that mask the slow general circulation; with the
observational techniques available to us it was
not possible to detect the long-term average
motion. We had imagined that the flow at
those depths would not be fast enough to be
measured by moored current meters. This time
my forecast had not been right, but the theory
had not been disproved either, and the great
thing was that we had found that current
meters could be usefully deployed to measure
deep-water movement. That led to the development of moored current meters under the
supervision of William Richardson and Nicholas
Fofonoff here at Woods Hole. By the 1970s
they could be deployed anywhere and would
function reliably for periods of up to a year.

H. T. - I understand you moved to Harvard
University in 1960?

H.M.S. - With hindsight I realize I never
should have done that. George Carrier, an
applied mathematician from Brown University,
and Richard Goody, a meteorologist from the
United Kingdom, had recently gone to Harvard, and one day they came down to see me
at Woods Hole. lt was clear that the science of
oceanography was about to burgeon, and they
asked me to recommend someone who could
be professor of oceanography at Harvard.
I made a few obvious suggestions like Waiter
Munk. I suspected they had been sounding
me out, and when some time later they told
me that Munk was not inclined to leave
Scripps, I was not altogether surprised to be
offered the post myself. lselin was no longer
director of Woods Hole, the atmosphere was
not the same, and I thought that perhaps it
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Aerial view of the Woods Hole scientific complex looking out from Eel Pond towards Naushon and the Elizabeth
Islands. Woods Hole Oceanographic Institution marine facilities are in the centre
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was a good moment for me to change. The
prestige of being a professor at Harvard was
also alluring. With some misgivings I decided
to accept. I was treated perfectly well, but
I quickly found that the eminently academic
life that reigns at Harvard was not for me.
I get on much better with the people involved
in practical functions like ships' captains or
carpenters. I stayed at Harvard for three
years, but when Henry Houghton, chairman of
MIT, called me up seeking precisely the same
advice as Carrier and Goody, I did not hesi·
tate. "How about me?"! asked, and Henry
said "Fine by me". Jule Charney, Edward
Lorenz, Norman Phillips and Victor Starr were
still at MIT and I knew I was better cut out to
work there than at Harvard. So I took up the
post at MIT and was given a great deal of
freedom.

H. T. - I see that your interests were now
extending beyond the western Atlantic.
H.M.S. - I was fortunate enough to be able to
take part in the International Indian Ocean
Expedition, although my involvement was fairly
narrow. In the early 1960s I went with John

Knauss and Bruce Taft who were working in the
western part of the equatorial Indian Ocean.
Jule Charney was on that cruise too, and it was
his initiation to seafaring. He enjoyed it greatly,
as well as the visits to Kenyan game parks and
the Seychelles. I went on a second cruise
aboard one of the Woods Hole vessels to study
the Somali current, which in many ways resembles the Gulf Stream except that it varies with
the seasons, being strongest during the southwest monsoon over the Arabian Sea. John
Swallow and Warren Wooster were doing work
in this domain as well. But my next trip to the
Indian Ocean was not until the preliminary planning stages of the Global Atmospheric
Research Programme Global Weather Experiment (or First GARP Global Experiment). In
197 4/1975 we chartered a small vessel to
study the equatorial current from the Seychelles. In between I was involved in the MODE
(Mid-Ocean Dynamics Experiment) programme
which went back to investigating the me soscale eddies in the oceanic flow around
Bermuda. it was my first experience with the
administration of a heavily orchestrated programme although it was Allan Robinson who
really handled it. He did a fine job.
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H. T. -Your initial work on the Wyman~
Woodcock expedition data was the only
time you were really involved in the
science of the atmosphere?

H.M.S.- Apart from one or two atmospheric
soundings over lakes that I did with Woodcock
in 1950, yes it was. Rossby had taken an interest in Woods Hole in the 1930s, but the director of the day had more or less resisted any
excursions into fields above the sea surface.
Later on we did have meteorologists working
here, including Rossby himself during the summer of 1956. But at the present time I believe
that the Institution has not a single atmospheric
scientist on its staff, which is crazy when one
considers the current preoccupation with
air-sea interaction. We do have quite a close
connection with the Department of Meteorology
at MIT, but you would think that with a scientific
staff of a couple of hundred there would be one
or two meteorologists at Woods Hole.
H. T. -A moment ago you referred to the
problem of obtaining oceanographic data.
I suppose the situation has improved a lot
since the 1950s?

H. M.$. - lt has improved, yes. But of course
we have nothing like your system for exchanging
meteorological data in real-time. We usually have
to make our own observations tailored to the
needs of the research programmes of the
moment, and even though the data will eventually be collected, checked and published, they
do not immediately enter an active distribution
network in real-time. The Intergovernmental
Oceanographic Commission has done a lot
recently to promote more regular and standardized observing and data-exchange procedures.
There are now ICSU World Data Centres for
oceanography in the USA and USSR, several
countries have agreed to compile banks of data
in specific fields or for specific regions, and
there are national oceanographic data centres.
Nevertheless, there may still be a delay of many
months between the time oceanographic observations are made and the time they become public property. Let me finish with an anecdote. In
the early 1970s, when financial resources for
oceanographic research were relatively easy to
obtain, there was an international meeting of
geochemists here at Woods Hole (chemistry has
a strong potential role to play in understanding

the ways of the ocean). At that time the field was
dominated by half a dozen young scientists who
were pleasant enough individuals but who were
constantly squabbling in public about the way to
do this or to do that. We physical oceanographers never behaved like that, and it occurred to
me that these chemists would almost certainly
come to terms if they had to work together
aboard ship. I knew them all, and so was able to
put to them the following suggestion: "Say, you
guys, there's a lot of money around just now.
Why don't you all get together and ask for a ship
for three years or so to make measurements on
all the oceans?" Their reaction was that it was a
great idea and they went ahead and did it
(GEOSECS). I did nothing more. They produced
a splendid baseline data set.
H. T. - Progress in technology has opened
up new possibilities for acquiring oceano·
graphic data. Would you care to comment
on future prospects as you see them?

H.M.S. - There is still a great difference
between meteorology and oceanography in that
a meteorologist is assured that data are available from a fixed network of stations at fixed
times, whereas an oceanographer never is. He
has to make inquiries as to where and when
sections were made and hydrographic or geechemical observations carried out. There is little
that is routine in the way of in situ oceanographic observations. We do need a station network, but obviously it would be prohibitively
expensive to keep ships out permanently: at a
conservative estimate it would cost more than
US $10 000 a day just to maintain one modest
ship on station. Little by little things are getting
better. We have expendable bathythermograph
records along certain frequented sea routes and
satellite monitoring of the sea-surface temperature. But we still have a long way to go to
improve data acquisition from below the surface
of the ocean. Waiter Munk and Carl Wunsch are
working very hard to develop acoustic tomography and I think the prospects are good in that
direction: they measure the time taken for
sound to travel from one buoy to the next and
reconstruct a three-dimensional "sounding" (for
want of a better word) from that. Another technique for which I have some good hopes is
being developed by an engineer, Douglas Webb,
who has invented an engine that draws its
power from the thermal structure of the ocean.
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H. T. - Nearly 20 years ago you outlined
the future prospects for the science of
oceanography as you then saw them. How
have they matched up to reality?

The engine is 10 cm in diameter and 50 cm
long and it can pump ballast. The idea is to
allow a float to descend to the depths, then
pump the ballast out into a displacement volume to allow the float to rise to the surface
again when the data gathered at depth would be
transmitted to a satellite. The atmospheric pressure could then push the displacement volume
into the float which would sink once more. The
ballast consists of about 100 cc of oil, but it will
have to be pumped against a seawater pressure
that may be as much as four thousand decipascals. Because the float, which we call a Slocum,
has a programmable autopilot, its attitude and
direction of glide can be controlled, and about
six soundings could be made each day with the
float moving a horizontal distance of perhaps
15 kilometres. We estimate they would have a
lifetime of at least five years and a unit cost of
about US$100 000, or an average daily cost of
$50. lt is an exciting project, but there are still
many feasibility tests to be undertaken and
I doubt whether a firm proposal can be made
before 1997 or 1998. With a series of floats like
this plus the acoustic tomography I think we
have the first glimmer of a world oceanographic
observing system. There would still be a need
for research ships to make certain measurements that cannot be done automatically, such
as radionuclides. One thing in our favour is that
most of the Slocum observations will come from
international waters so that a quasi-global system could be operated without the need to seek
the collaboration of each national authority.

H.M.S.- Back in 1970 there was a lot of talk
about big projects in the oceans, but they were
not well thought out or co-ordinated. lt was the
time that the oceanographic community realized that it must come to grips with the problem of eddies in the oceanic circulation, and
there was some money available. My aim in
writing the article you allude to was to shake
up the establishment a bit and try to point to
shortcomings in certain of the proposed projects. I must point out that I was thinking
ahead only to the next two to five years, not
longer. I think perhaps my somewhat acid
remarks were of some use in that context.
H. T. -Looking back over your various
expeditions, is there one project that
stands out above all others as being
particularly successful or gratifying?

H. T. - So you are looking forward to
revolutionary discoveries in the science of
oceanography?
H.M.S.- With such powerful new observing
techniques in a medium like the ocean, I feel
sure we are going to have some surprising revelations. When you think that only just recently
geochemists discovered that helium-3 was
being emitted from vents in the east Pacific and
mid-Atlantic Ocean ridges-nobody really
expected to find evidence of continuous volcanic activity under the oceans-one asks oneself whether the heat emitted may not engender
some form of circulation in the deep ocean. I do
not believe we are going to discover something
that will completely shatter all our current theory, sketchy though it may be, but rather consolidate it.

H.M.S. -At this present moment (I might
change my mind tomorrow!) I think it would be
some work I did in the Mediterranean. We
knew there must be occasions of sinking surface water, but they were only localized and
relatively brief, never more than two or three
weeks. We had this boat going to the Mediter·
ranean and I was allowed to have some if its
time to study this phenomenon of subsidence.
John Swallow came with the British RRS Discovery and Henri Lacombe and Paul Tchernia
came with the French RV Jean Charcot. The
rationale was that cold air coming down the
Rhone valley in winter would cool the surface
layer until the water column became vertically
mixed, perhaps right down to the bottom. We
were there for the month of January; the
weather was pleasant but we found the water
to be stably stratified everywhere with no evidence of sinking. Finally, the mistral started to
blow, and soon we located a region where
there seemed to be some mixing and so concentrated our efforts there. The mistral
increased further and it became quite a problem to lower our instruments into the tumultuous sea, but we managed it and saw that the
mixed layer was getting deeper until after
about four days it had got down to the bottom.
For me it was a thrilling moment, to be on the
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ship in those stormy seas and to know we
were witnessing and documenting this local
phenomenon for the first time.
H. T. - A number of oceanographic ships
participated in special observing networks
for projects under the Global Atmospheric
Research Programme and there were
many other research vessels at sea for
the same purpose. Did this result in any
breakthroughs in oceanographic science?

H.M.S. - Not during the Special Observing
Periods, only in studies conducted outside
them. The amount of ship time offered was
insignificant in the context of the time scales
needed for oceanic research. We got some
funds for placing oceanographic ships in specified regions during the month-long Special
Observing Periods of the Global Weather
Experiment, although financially it was no big
deal for us because we have to pay for the
ships the whole time. What was rather more
attractive was the role our vessels played in
certain subprogrammes like the Monsoon
Experiment because we were able to convince
the National Science Foundation and other
funding agencies that we needed support not
just for the Special Observing Period but for up
to a year in advance in order to prepare and to
have a longer series of observations. One outstanding result during GARP was the discovery
of deep multiple jets beneath the surface of
the equatorial Indian Ocean by John Swallow
and James Luyten. Since GARP finished, the
interest of the meteorological community in
data from the oceans has sharpened a lot, as
witness the E/ Nifio/Southern Oscillation investi·
gations and the Tropical Ocean and Global
Atmosphere programme.
H. T. -Perhaps you would care to reflect
on· the status of oceanography today?

H.M.S. - Oceanography is in a process of
change which makes it rather difficult for all
concerned. The first people who did really useful work in oceanography were individual
observers, perhaps associated with a fisheries
programme or other maritime activity, who
went out, made their measurements and then
wrote reports. There were a few theorists, but
until about 30 years ago they had not managed to construct a theory of the general

ocean circulation. Then the advance in geophysical fluid dynamics applied to meteorology
sort of spilled over into oceanography, and
oceanographers found that they were willing to.
give up some of their individual autonomy in
order to work together on large projects-it
was much more economical for ocean physicists, dynamicists, geochemists and marine
biologists to go to sea on one ship than for
each to go their own way. Now we are looking
towards even broader co-operation in longterm programmes like the World Ocean Circulation Experiment to which participating scientists will be required to devote a significant
part of their career and their resources.
Oceanography has suddenly become an environmental science of prime importance; the
way of life of many maritime peoples is perceived to be threatened by over-exploitation
and pollution of the sea, and oceanographers
now have responsibilities that will augment still
further the demands made on their time. lt
has become clear that the tendency will be
towards some sort of scientific world ocean
monitoring system, resembling to a certain
extent the World Weather Watch.
H. T. -Among your fellow workers in
oceanography, whom do you hold in
particular esteem?

H.M.S.- Among those of my own generation, I think I esteem John Swallow the most.
He has devoted his life to working at sea,
making good and careful observations, which
I can assure you is very difficult and exhausting. He was never tempted to take a more
administrative job with better pay, but dedicated himself to making those splendid measurements at sea which benefit the whole
community. Of an older generation, I would
probably select George Deacon, but there are
many others.
H. T. - I am told you like to work with your
hands as well as your head.

H.M.S. -I do enjoy making things. I have a
small machine shop and I like doing practical
things around the house and garden. We used to
have a market garden and a stall on the street to
sell produce in the summer. I made a 35-cm
gauge railroad about 275m long for our children
and grandchildren with an electric motor pow-
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ered by a battery. lt is a problem to maintain
because the track needs frequent repair.

H.T. -Although you left MIT in 1978, you
still seem to be working on scientific
matters. What are you doing these days?
H.M.S. - I left MIT in 1978 because I felt
that my usefulness as a teacher was spent,
but re-employment at WHOI gave me the
opportunity to carry on with some field work
and I have been engaged in a number of
fields, most recently on vortex models relating
to ocean circulation. With the advent of personal computers a whole new field has
opened up to individuals like me to work on
problems it would have been hopeless to
tackle before.

H. T. - You have received a number of
awards and distinctions. Could you please
say something about them?

Dr Stununel on the 35-cm gauge railroad he made for hi;

children and grandchildren in the garden of his home

H. M. S. - I am a member of four national
academies of science. That in the USA is
important as a source of scientific advice to
the Government, and election to it is an honour, but it does not hold interesting meetings
or arrange any sort of social function. To my
great surprise I was elected to the USSR
Academy of Sciences; I do not know who put
my name forward, but I would like to thank
him. This is probably the most directly powerful of the national science academies because
it seems to control many large institutes and
has considerable resources. I am a member
of the academie of France: small, highly exclusive and I like the way one's name remains on
their list of members even after death. I guess
the one that I find most comfortable to be
associated with is the Royal Society of London; for anyone living in or near London there
is a constant programme of meetings where
one can go and learn about fascinating subjects from very good speakers, and enjoy
excellent company.

siderable private fortune. Most people would
regard him as a crank. He got interested in
oceanography and soon conceived some
unorthodox and unscientific ideas. He went so
far as to accuse the Admiralty of falsifying
data from the Challenger expedition of the
1870s, thereby concealing evidence of the
correctness of some of his theories. He was
a nuisance to the scientific community. But
then I discovered quite by chance that in fact
he had some admirable qualities, notably in
the field of mountaineering. Actually it was
John Swallow's wife who unearthed some
records in the Alpine Journal. His character
intrigued me, and a few of us got together to
write a short biography on Jordan. lt was then
that I had the malicious idea of instituting the
William Leighton Jordan Award for particularly
bad and misleading work by oceanographers.
it has never been bestowed on anyone; perhaps it serves its purpose as a warning!

H. T. - Perhaps you would tell readers
about the William leighton Jordan Award?

H. T. - My last question is the usual one:
What advice would you give to a young
person concerning a career in
oceanography or meteorology?

H.M.S.- If you would like a splash of levity,
sure I will. W. L. Jordan was an Englishman of
the last century with no great scientific education, a pretty contentious disposition and con-

H.M.S. -If someone has a genuine interest
in the sea or the weather from an early age,
I do not think they would need any advice. But
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to someone who is considering a range of
alternatives I would say: examine them all
and, everything else being equal, give preference to a field that is still relatively undeveloped. That field, ipso facto, may not be very
obvious and may need to be sought out. But if
young people can get in on the ground floor
of a subject, they can find that being there as
it develops is highly gratifying. You do not
need to learn so much at the start, and the

chances are you will be in on some quite fundamental discoveries.
H. T. - Or Stommel, I am sure that readers of the WMO Bulletin will have found the
views of an oceanographer of your stature
most edifying and interesting. Thank you
very much for your collaboration, and I
hope you will enjoy many long years in
these wonderful maritime surroundings.
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Mordehai Gilead

As the Eurasian ice cap receded northwards about 12 000 years ago and the
climate of the eastern Mediterranean
improved, the mesoJithic peoples contrived
to domesticate animals and cultivate
indigenous wild barley and wheat. They
were probably the world's first farmers, a
way of life that permitted them to settle in
one place rather than be constantly on the
move. Naturally enough, this civilizal!ion
flourished first and foremost along the
principal rivers: the Tigris, Euphrates,
Jordan and Nile.
About 4 000 years ago, Abraham,
regarded as the first patriarch of the
Hebrews, led his people to a new home in
Palestine (they called it Canaan) where
they thrived for about a millennium, the
Jewish empire reaching a zenith under
King Solomon around 950 BC. Then it
divided into Judah and Israel which were
subsequently conquered by the Babylonians and Assyrians respectively, followed
by Alexander the Great in the fourth
century BC and the Romans in the first
century BC.
A central range of hills runs northsouth through Israel with fertile valleys in
the north, but extending into the desert
regions of the Negev in the south. The
average annual rainfall over the country is
between 400 and 600 mm, mostly occurring between November and March, but in
the Negev it is only 50-100 mm. Largescale irrigation projects now permit crops
to be grown even in semi-deserts, and
foodstuffs have became an important
export. This development of agriculture in
an unfavourable environment called for
much agroclimatic research, and Israel has
acquired a high level of expertise in this
domain, as well as in the management of
water resources in general.
A small meteorological service had
been set up near Tel Aviv as early as 1936
and, when the State of Israel was pro-

Mordchai Oilcad

claimed in 1948, a national Meteorological
Service was constituted. The first Director
was Mr Mardehai Gi/ead who held the post
for two decades and saw the creation in the
early 1960s of the Central Meteorological
Institute with support from the United
Nations Special Fund and WMO (see photograph on page 191 ). One activity of the
Institute of particular importance to developing countries was the organization of a
series of postgraduate courses in agricultural and hydrological meteorology.
Some 14 of these courses have taken place
so far (see photograph an page 192).
In this interview, Mr Gilead recounts
his career in the service of meteorology
and of his country. Or Tab a has known him
for many years and remarked on his very
great helpfulness, modesty and courtesy.
Those who were present when Mr Gilead
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addressed Congress cannot help but
remember his sometimes passionate interventions when occasionally, and quite
unwittingly, he would switch from one language to another, to the great confusion
of the interpreters. At 85 he continues to
enjoy good health and has plenty of interests that range far beyond the science of
meteorology.
We are most grateful to Mr Gilead for
according this interview-which took place
in Tel Aviv in March 1989-and wish him
many more years of pleasant and active
retirement.

H. T.
To start with, Mr Gilead, please
would you tell. readers something of your
background. Your family and your early
education.

M.H.G. -In 1927, I was given the opportunity
to continue my formal education at special
courses in Berlin that were arranged by the
Berlin-Neukolln municipality in collaboration
with the trade unions, paying my way as an
unskilled employee of the municipality. This
allowed me to obtain the high-school final certificate in the summer of 1929, and thus qualify for entrance to university. Accordingly,
I started studying mathematics and physical
geography at the University of Berlin in October 1929, and six months later gained a full
fellowship from the Studienstiftung des
Deutschen Vo/kes. I continued studies at the
Universities of Freiburg-im-Breisgau and Frank·
furt-am-Main, obtaining my first high-school
teacher certificate early in 1932 and the right
to pursue Ph.D. studies in pedagogy, However,
this was the time of the 'Great Depression' with
fierce civil strife in Germany that brought the
National Socialist (Nazi) party to power in
1933. Being a Jew, my fellowship was abrogat·
ed and I lost the right to follow the Ph.D.
course as well as to work in Germany.
H. T. -What was there left that you
could do?

M.H.G.
I was born on 10 Apri11906 in the
small industrial town of Luckenwalde, some
50 km SSW of Berlin in Germany. I was the second of three children. My mother died when
I was only a little over one year old. I inherited a
love of nature from my father; I was very happy
in the extensive woods interspersed with mead·
ows and small lakes, and the moraines, a relic of
the Ice Age. I developed an early interest in the
plants and animals that inhabited the area. I was
at high school during the First World War and
experienced the desperate shortages of food
and other necessities of life. After the war there
was the revolution that overthrew the Emperor of
Germany and established the Weimar Republic,
but the period of democracy was short-lived.
The devastating inflation of the early 1920s left
my family financially ruined and we children had
to leave school in 1922 and try to earn a living.
I was taken on at a metal factory, but continued
studying in my free time, mostly languages. Like
everyone else of my age I joined a youth movement and soon became an instructor.

M. H. G.- After some months of giving private
tuition to Jewish children who had been thrown
out of their public schools and trying to find
other employment in Germany, I joined my erst·
while professor in pedagogy, Professor Dr
Hans Well who moved to Italy to set up a
school for Jewish children from Germany at
Florence, and later at Recco on the Gulf of
Genoa. When I left Germany in October 1933,
I took with me six children whose parents had
decided to remain in Germany hoping for a
change in the racial policy of the Nazi regime
(my own family had emigrated to Palestine). At
Recco I was responsible for the management
of the small school and I taught mathematics,
natural sciences and English. In 1934 I married
the school's sport and French teacher who was
another refugee from Germany, and part of
whose family had also gone to Palestine.

H. T.
You nevertheless managed to
have a university education. How did this
come about?

H. T. - So I suppose the most hopeful
prospect for you both was to do as your
parents had done, and go to Palestine?
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M.H.G. -Before leaving Germany I had applied
for a worker's immigration certificate for Palestine and, when Italian forces invaded Ethiopia,
I foresaw difficulties for the likes of us. Therefore we emigrated to Palestine in October
1935, one of the few places left where the
doors had not been closed to Jewish refugees
from Nazi Germany. I was highly motivated by
the challenge of creating a Jewish state there
to which each individual would contribute,
according to his or her abilities. We were ready
to perform any useful work, not necessarily
commensurate with our educational and professional qualifications. I found work in the
computation section of the Survey of Palestine
in the topographic map division.
H. T. What were the circumstances that
brought you into meteorology?

a useful service for the community and its
diverse activities. We recruited and trained
immigrants from different countries and dif·
ferent backgrounds to become observers,
instrument and telecommunication techni·
cians, draughtsmen, chart-plotters, climatolo·
gists and forecasters. We established a network of surface and upper-air synoptic stations, climatological and rainfall stations; we
created a climatological division and data
archive to which were added observations
made in the past by various institutions and
by individualstravelling in the Holy Land. In
due course we started research on such topics as evaporation, dew, building climatology
and the effect of radiation on the human
being. Palestine joined the IMO in 1939.

H. T. - What were the consequences of
the outbreak of the Second World War
for you and the Service?

M.H. G. In December 1936 I was offered the
chance of a lifetime. Palestine was then under
British mandate, and it had been decided to
build an international airport at Lod, near Tel
Aviv, which would serve as a stopover for Imperial Airways long-distance flights. Therefore an
aeronautical weather forecast service was needed. In the days before the Third Reich, Mr Rudolf
.Feige had been head of the Meteorological
Observatory at Krietern, near Breslau (now Wroclaw in Poland), where he had introduced the
polar front concept for forecasting developed by
the Bergen school in Norway. He was friends
with such illustrious personalities as Bjerknes,
Bergeron, Weickmann and van Everdingen. Now
he was designated chief of the new Palestine
Meteorological Service and he recruited, as second-in-command, another refugee from Germany
who already had experience in forecasting for
aviation, Lothar Juliusberger. I was lucky enough
to be offered the third post that carried the official title of scientific officer. Feige and Juliusberger had both been forecasting for zeppelins
towards the end of the First World War.

M.H.G. - Soon after the Secood World War
broke out, the Palestine Meteorological Service was incorporated in toto into the British
Royal Air Force, becoming its Meteorological
Unit No.2, Levant area, with headquarters
first at Ramla and later in Jerusalem {Unit
No.l was at lsmailiya in Egypt and No.3 at
Habbaniyah in Iraq). For the duration of the
war, Mr Feige's place was taken by an RAF
officer, but the other members of the staff
were taken over with the object of making
aeronautical and maritime forecasts in connection with the Middle East theatre of war.
In April 1943 I was promoted to Assistant
Government Meteorologist. At the end of the
war, our efforts shifted to forecasts for transport flights for troops returning from the Mid·
die and Far East, and Mr Feige was reappointed Government Meteorologist in charge
of the Service in 1946. Unfortunately, he was
killed during a bombardment of Jerusalem in
April1948.

H. T. - So you were present at the birth
of the national Meteorological Service,
so to speak?

H. T. -With the end of the war the
Meteorological Service was separated
from the Royal Air Force?

M.H.G.
lt was a daunting challenge, but
tremendously satisfying to be able to create

M.H.G.- Yes. When the State of Israel was pro·
claimed in May 1948, I was appointed Director
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of the Meteorological Service which, although
under the Ministry of Transport, was no longer
subordinate to the Department of Civil Aviation
but co-ordinated with it. I had requested this in
order to be able to serve equally all the other
weather-sensitive activities of the State such as
agriculture, water-resources management and
town and country planning. Our budget was
therefore independent of the quickly expanding
requirements of national and international air
transport. Do you know that our esteemed former Prime Minister, David Ben Gurion, was a
voluntary weather observer for two years at a
kibbutz in the Negev?

wide progress in relevant domains. We introduced rawinsondes in 1949, followed by IBM
card systems, facsimile transmissions, automated chart plotting, computers (we issued
our first computer-produced forecast in April
1958), radars for storm warnings and
receivers for satellite automatic picture transmissions. Thanks to support from the United
Nations Special Fund which paid nearly 40 per
cent of the cost, it was possible to create the
Central Meteorological Institute at Bet Dagan
during the period 1960-1964. This was a
major step forward and gave us the wherewithal to bring the fruits of operational meteorology
to bear on the problems of social and economic development. I should mention that we had
the benefit of several experts from other countries to help us, for instance Professor Halstead (USA) on micro- and mesoclimatology,
Mr Parmelee (USA) on indoor climate measurements, Mr Treussart (France) on rawin sounding, Professor Bleeker (Netherlands) on upperair forecasting methods and Professor Monteith
(United Kingdom) on evaporation and radiation
measurements. From about 1965 we were
able to stand on our own feet. As for the WWW
Global Telecommunication System, we established a direct link with Offenbach (Germany)
as our Regional Meteorological Centre in 1968.
We built our own automatic weather stations,
extended considerably our rainfall station network and set up a network of Penman evaporation- and evapotranspiration-measuring stations.

H. T. - Indeed, you are well known for
your work in the field of water resources.
Mr Ben Gurion served as a weather ob»erver at the
synoptic station in Sede Boqer in the Negev area

H. T. What were your main problems in
bringing the new Meteorological Service
into operation?
M.H.G. -Israel had no need to establish a
new Meteorological Service because it already
had one with ten years' experience. However,
we did undertake a redistribution of the workloads of the various divisions. The early years
saw a considerable extension of technical facilities and of scientific and technological expertise to keep pace with the rapidly growing
needs for meteorological advice and world-

M.H.G.
The territory of Israel lies in the
semi-arid and arid zones, and we were always
extremely conscious of the crucial importance
of water resources. In fact the first research
undertaken by our first Director, Rudolf Feige,
was to collect all available rainfall data with a
view to studying the precipitation climatology.
The war interrupted this work, but the Rainfall
Atlas of Palestine was subsequently published
with the collaboration of N. Rosenan. From
1948 our country was represented on the
Unesco Committee for Arid Zone Research,
and I was a member of the Israel Arid Zone
Research Group (part of our National Research
Council) for many years. We hosted our first
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international scientific symposium in May
1952; it was on 'desert research' and was
sponsored by Unesco. As early as 1950 we
started experimental cloud seeding with the
purpose of stimulating precipitation under the
guidance of Prof. J. Neumann and later by
Prof. A. Gagin, who died in 1987 at the early
age of 54. These experiments were meticulously planned and scientifically evaluated and
served as a pattern for WMO's Precipitation
Enhancement Project. The Meteorological Service also tried its hand at making seasonal rainfall forecasts as far back as the mid-1950s,
although it was not until about five years ago
that these forecasts were deemed sufficiently
reliable for routine publication.

H. T. -You were, I believe, anxious for
WMO to assume a greater role in the
domain of water resources?

butzim, or farming communes, were very progressive and keen to have the scientific and
technical advice that the Meteorological Service, inter alia, could provide. Therefore, we
arranged to issue 10-day climatological bulletins so as to reach the farmers as quickly as
possible. We took part in irrigation research
and prepared special maps that showed areas
with a relatively high risk of ground frost-in
fact we studied methods of frost prevention
through irrigation and ventilation. Intensive
research was carried out into the water needs
of different crops at different stages of their
growth in different parts of the country. Finally,
in close co-operation with the Ministry of Agriculture we arranged lectures and courses for
practitioners in agriculture to acquaint them
with their local climatic conditions and with the
use of our specialized forecasts.

H. T. - Now perhaps we could turn to climatology and its applications?
M. H. G. - I was one of those who felt that
hydrology was sufficiently important to merit
a place in one of the specialized agencies of
the United Nations. At First Congress in 1951
and again at Second Congress four years
later I asked that the whole of the water cycle
be included within the province of WMO so
that the development of hydrology and water
resources should be a matter for governments and properly co-ordinated throughout
the world. This was not accepted, but I was
designated member of the Executive Committee Panel on Water Resources Development
which met in 1956 and 1958 * and eventually
resulted in FAO being given responsibility for
the domain of groundwater, a decision that
I still regret.

H. T.
I believe that the circumstances
under which you had to work also led to
an interest in agrometeorology?
M.H.G. -Israel is not a large country and
much of it is desert. With a constant flow of
immigrants, the importance of agriculture for
food production is primordial, and, ipso facto,
irrigation is essential. The people of the kib* See

WMO Bulletin 39 (2), p. 84.

M.H.G. -We were always very much aware of
the value of climatological data for a variety of
activities relating to the social and economic
well-being of the country and people. We proceeded to create a data archive, first on
punched cards and later on computer tapes,
and then went around endeavouring to con"
vince potential users of the benefits to be
gained from applying our data at the planning
and design stage of their projects. Since it first
appeared in 1952 I have been on the editorial
board of the comprehensive atlas of Israel, the
third edition of which was published in 1986.
Renewable energy is perhaps a relatively new
term, but for us it is not a new concept; for
decades we have been using solar energy for
domestic warm water supplies and harnessing
wind energy for supplementary electric power.
lt was in about 1965 that the Meteorological
Service started contributing to the solution of
problems of air pollution. We undertook
research into the transport and dispersion of
particles, advising on the design, location and
height of smoke stacks for power stations and
other industrial effluents. One of our regular
tasks today is to warn the electricity authority
of temperature inversions in summer so that it
can change to burning oil containing less
sulphur.
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H. T. - You were appointed director of a unit
to prepare a master plan for the Ministry.
What did this entail and what came of it?
M.H.G.- When I retired as Director of the Service, I was placed in charge of an ad hoc
meteorological planning unit consisting of two
university professors of meteorology, a statisti·
cian and an economist. Our brief was to prepare a report that took stock of the rapid
development of meteorology during the previous decade, including the spread of automation and improved telecommunications, find out
what users and the general public thought of
our performance, and map out what the
Meteorological Service should do during the
1980s. I was able to visit the Meteorological
Services of France, the Federal Republic of
Germany and the United Kingdom to discuss
how they carried out cost/benefit analyses and
to learn about their own plans for the future,
and I received similar information by correspondence from Australia, Canada and the
USA. The outcome of our three-and-a-half
years' work was one thick report and two
somewhat smaller volumes. Some recommendations were accepted and some were not;
others were probably overtaken by events and
already obsolete by the time the report
appeared. But I am convinced that it was a
very useful exercise.

tant technical assistance missions for the
benefit of developing countries?
M.H.G. -In 1965, at the age of 59, I saw a
WMO announcement for a post of expert to
organize and develop a Meteorological Service
for the Kingdom of Nepal. I had always been
attracted to the region of the Himalayas, and
I felt that my recent experience in building up
the Israel Meteorological Service could be put
to good use, so I applied and was accepted for
the job. The Meteorological Service of India
operated a few climatological and rainfall stations in Nepal plus a synoptic station at Kathmandu airport, and one Nepalese meteorolo·
gist, Mr S. P. Adhikary*, had been trained at
the Civil Aviation School in Bangkok, but that
was the sum total of the existing infrastructure.
So it meant starting from scratch: going to
ministries to try to convince them of the
potential benefits of meteorological advice,
training meteorological observers and techni·
cians, setting up observing stations. Travel
was either by small aircraft, jeep or on foot.
I enjoyed many days' walking in that enchanting
environment and meeting such pleasant people. it was an arduous two years work but highly rewarding. Nepal became a Member of WMO
on 11 September 1966. Incidentally, the opening of the meteorological station at Namche
Bazar coincided with World Meteorological Day
that year.

H. T. - You have every reason to be satis·
fled at the way the Meteorological Service
developed during your term as Director?

M.H.G.- Looking back over my years in the
State Meteorological Service, I realize that
everything that was achieved during those 35
years was thanks to the unwavering support of
the scientific and technical personnel. The
senior staff worked as a close-knit group in full
harmony even though most of them were
acknowledged experts in their particular field.
They were always highly motivated, knowing
that meteorology had a valuable role to play in
the socio-economic development of our nation.
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On the way to Mt Everest. From left tn right: Mr Gllead
(WMO expert), a local trainee part-time observer, and
S. P. Adhikary, meteorological officer

*

H. T. -Even while you were still head of
the Service you undertook some impor-
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Today, Dr S. P. Adhikary is Director-General of the
Department of Hydrology and Meteorology in
Kathmandu, Nepal.

Mr Gilead outside the Central Meteorological lnstilule,
Israel
a joint project of the Government oflsrael and
the UN Special Fund

H. T. - What was your next mission?
M.H.G.
In 1968 I went on a similar assignment
to Cyprus, and here my task was less difficult
because the British Royal Air Force had maintained a small network of synoptic stations. The
main problem arose from the then recent division
of the country into Greek and Turkish parts;
although I was free to travel in both parts, there
was no Turkish Government authority on the
island at that time to support my mission so that
my report had to be restricted to the Greek part.
H. T.

And after that?

M.H.G.
My third technical co-operation job for
WMO was as the Organization's representative in
an interdisciplinary study mission connected
with the Niger River Basin development in west·
ern Africa. This involved travelling in seven riparian States from Mali in the north to Chad and
Cameroon in the south. lt was hard but interesting work, although I never learnt what action
was taken after I had submitted my report and
recommendations. I might have said earlier that
in 1962 my Government had sent me on a bilateral mission to Nigeria, which had recently
gained independence, in order to pass on the
fruits of my experience to the new Director of
the Meteorological Service, Mr N. Akingbehin.
I was there for about six weeks, and we visited
observing stations and agricultural research
centres in different parts of the country.

H. T. - You must have been very sensitive
to the need for education and training in
meteorology and hydrology?

M.H.G. -Indeed, the steady progress both in
the science of meteorology and the means to
apply it in various spheres of human endeavour
require that scientific and technical staff are
given sound basic instruction and kept abreast
with developments. We tried to ensure this by
arranging regular seminars and courses given by
suitably qualified lecturers from the Service or
from universities, by encouraging staff members
to continue their education in parallel with their
daily work (we actively helped to set up a
meteorological department in the Faculty of
Physics at the Hebrew University of Jerusalem in
the mid-1950s, the first in Israel), and by taking
advantage of visiting scientist schemes and fellowships through WMO or other United Nations
programmes. I remember that at Second
Congress in 1955 I proposed a mutual technical
assistance fund in addition to UNDP, the idea
being that fellowships could be given or received
for courses in specialized fields that some
countries were in a better position to offer than
others. If I remember correctly, Congress put a
meagre US $1 000 into the budget for this, but
at least a start had been made.
H. T. - You mentioned national projects for
precipitation enhancement a while ago.
I gather that this was a venture not of the
Meteorological Service but of the Hebrew
University of Jerusalem?
M.H.G. Actually, the Israel Meteorological
Service initiated and took an active part in the
programme but the scientific research aspects
were guided by the Hebrew University and the
administrative and financial side was handled by
the Israel Water Authority. As I think I already
made clear, every drop of water is precious in a
semi-arid country like Israel, and it was considered worth making long-term investments in
research leading to operations in artificial rain·
making. I am glad that the carefully planned and
scientifically evaluated projects that were carried out in Israel were useful to the WMO weath·
er modification research programme.
H. T. - Israel has always been particularly
willing to help developing countries in
respect of agrometeorology.
M.H.G. -Well, agriculture during the past 50
years has been Israel's success story. We have
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gained a lot of experience in making farming a
viable pursuit in spite of the marginal weather
and water-supply conditions in which many of
our most valuable cash crops have to grow.
This we ascribe to the meaningful part played
by meteorologists, and as meteorologists we
feel it is our duty to share the knowledge we
have gained with developing countries facing
similar problems. Our first course in agrometeorology was for a group of Nigerians who came
to Israel in 1961. The 1988 course was attended by students from more than 30 countries.
But in addition to the classes here in Israel, we
also have agricultural experts working in the
field under projects sponsored by WMO or one
of the other UN or bilateral programmes.

lsmd. !Jncmher 198/ii./mwwy /98Y --Participant> in
the 14th international postgraduate course in agricultural
meteorology

H. T.
What are your recollections of the
former IMO and the inception of WMO?

M.H.G. - I was lucky in that my guide to operational meteorology was the first Director of
the Meteorological Service (of Palestine),
namely Mr R. Feige, because he hailed from
Europe and regularly attended the Directors'
Conferences of IMO. He was convinced of the
need for a global approach to operational
meteorology and trained us to follow the WMO
rules and procedures strictly. Israel became a
Member of !MD in 1939. In 1945 I took part in
the first post-war meeting of meteorologists of
what was still known as the British Empire, and
a year after that I accompanied Mr Feige to
Paris to attend sessions of the International
Commission for Aeronautical Meteorology and
the Commission for Synoptic Weather lnforma-

tion (at which completely new codes for transmitting meteorological observations were
adopted). I well remember Mr Feige renewing
acquaintance with his former friends and colleagues after the years of separation during
the war, and through him I was introduced to
many famous meteorologists who until then
were only known to me by name and repute.
I met Dr Swoboda, Secretary-General of IMO,
who had contrived to keep the Organization
alive during the war years. I learnt a lot, and
was able to interest people in my own experience in Mediterranean meteorology. In 194 7
I again accompanied Mr Feige to Toronto and
Washington to take part in the historic final sessions of !MO commissions and the Conference
of Directors at which the WMO Convention was
signed by 31 countries. Aside from these
important events, I took the opportunity to
attend a symposium of the American Meteorological Society at which Vincent Schaeffer
spoke about ice nuclei produced in a cloud
chamber, and also to visit the Blue Hill Observatory near Boston where I had an unforgettable
discussion with its director, Prof. C. F. Brooks.

H. T.
I assume that you were also at
Paris in 1951 for the First WMO
Congress?

M.H.G.- Between the Washington Conference
of Directors and the Congress, the State of
Israel had been declared and I had been
appointed Director of the Meteorological Service. Therefore I attended Congress as the
Principal Delegate of Israel, with N. Rosenan as
Alternate. Thereafter we participated actively in
technical commissions and regional associations. By virtue of Israel's location at the meeting point of continents, although we are a
Member of the Regional Association for
Europe, we also like to attend sessions of the
Regional Associations for Africa and Asia in the
quality of observer. I personally attended the
first six WMO Congresses, four sessions of
Regional Association VI, two of Regional Association I, three of CAgM, two of the Commission for Hydrological Meteorology, and one
each of the Commissions for Aeronautical
Meteorology and Synoptic Meteorology. I was
elected to the Executive Committee panels of
experts on the role of hydrology in WMO which
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met in 1956 and 1958 and on the structure
and functioning of WMO which met in September 1968 and March 1969.
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M.H.G. - I am afraid my reputation is exaggerated. My mother tongue is classical German, that of the time of Thomas Mann
I sometimes have difficulty in understa~ding
modern (post-1933) German. At school
I learnt Latin and French for seven years and
English for four years (although I carried on
with English afterwards). I took lessons in
Spanish between 1922 and 1927. For my
Abitur (school-leaving certificate) in 1929
I got high marks in English and Russian, the
two languages then required. Living in Italy
from 1933 to 1935 I naturally became quite
fluent in Italian. I started learning Hebrew
already in 1932, but it was only from about
1945 that I became quite fluent. Summing
up, I have forgotten most of my Latin, French,
Spanish, Italian and Russian although I can
still read in these idioms. I read, speak and
write fluently enough in English, although not
elegantly, and even my Hebrew is not always
grammatically perfect.

From 1<:/i ro ri;;hr:

Mr R. Schneider, Director of the Swiss Bureau of
Meteorology, Mr N.A. Akingbehin, Director of the
Nigerian Meteorological Service, and Mr Gilead

H. T. - What are your views on the future
of meteorology?
M.H.G. --Please remember that I retired from
the Meteorological Service 20 years ago and
so I am not as much in the picture as I was.
We are confronted now with the problem of climatic change, and some of the scenarios are
really frightening. Meteorologists have a
tremendously exciting challenge; they should
carefully review historic measurements and
observations and decide on the observing
requirements for the future, making best use
of the recent technological wizardry but understanding its limitations. This will give them the
expertise they need for an optimum manmachine mix approach which I feel sure will
continue to be necessary for the next two or
three generations. They will be armed with the
proof necessary to convince governments
that some human activities are, without a
shadow of a doubt, responsible for global
changes, and the governments must act without delay to minimize adverse effects on the
atmosphere and prepare to adapt to expected
new conditions.
H. T.
I believe you are reputed to be
something of a polyglot. How many languages can you speak?

H. T. - I feel sure that someone who had
such a full professional life as you cannot be idle in retirement. How do you like
to pass your time nowadays?

M.H.G. - I am still extremely interested in
the question of climatic change, pollution of
the atmosphere and water and waste disposal. I read as much about these questions as
I can get hold of, and as my eyesight permits. I also developed an interest in the
history of the Middle Ages, the Crusades and
the Inquisition. I do some voluntary work
councelling pensioners and widows and I give
talks at senior citizen societies and other
community groups. But I leave enough time
for correspondence with old friends in Israel
and abroad, for my large and wonderful
family, and to listen to classical music.

H. T. - Mr Gilead, I am really most grateful
to you for your frank and explicit answers to
my questions. Thank you very much indeed,
and I hope that you will be able to enjoy
these pursuits for many more years.
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Miss Anna Mani

Miss Anna Mani
Photo: H. Taba

Bangalore is known as a garden city. it is a
picturesque, bustling conurbation of four million inhabitants with world-renowned institutions
of higher learning and research in the arts and
sciences, with high-technology industries specializing in the manufacture of aircraft,
machine tools, precision watches, electronics,
radar and telecommunication systems, electrical motors, generators and switchgears, computers and computer software and earthmoving equipment. The headquarters of the
Indian Space Research Organization is also at
Bangalore. There are excellent hotels and
tourist attractions such as gardens, temples
and palaces. Bangalore is the capital of the
Indian state of Karnataka (formerly Mysore),
lying equidistant from the Arabian Sea and the
Bay of Bengal at about the same latitude as
Madras but at an altitude of 1 000 m so that it
has a healthy climate. We shall leave Dr Taba
to introduce this interview:
'When I was invited to go to Bangalore to
interview Miss Mani I was delighted, but at the

same time rather apprehensive on two counts:
the hours I would spend at airports waiting for
connections and the fact that I hardly knew
Miss Mani for our professional paths seem
never to have crossed.
'At 9 a. m. on Wednesday 3 April, after a
journey of more than 20 hours, I found myself
standing outside my hotel waiting for a taxi to
take me to the Raman Research Institute. A
three-wheeled motor-scooter the like of which I
had never seen before (unique to India so I am
told) drew up in front of me. The barefoot
driver announced that this was a taxi, and
before I had properly sat down in the narrow
seat we were off at high speed. For some 20
minutes we zigzagged our way among cars,
lorries and animals until suddenly he stopped
and asked where I wanted to go! In another
20 minutes he had brought me safely to the
Institute.
With its beautiful gardens and extensive
lawns, it is one of the most impressive campuses I have ever seen. There are only a few
buildings but they are very handsome, surrounded by literally hundreds of flowering trees.
The Institute was founded by the great Sir C. V.
Raman and it was where he worked from the
time he retired from the Indian Institute of Science in 1948 until his death in 1970. I was
directed to the library block which is where
Miss Mani's office is located. She greeted me
with the burst of laughter for which she is
famous and took me to her office where we
got down to recording the interview, which she
thoughtfully supplemented with some notes.
'How was I to introduce this energetic
woman, so full of gaiety and yet so serious
about her profession? Then I had a brainwave.
Why not ask someone else to write the introduction, someone who knows Miss Mani and who
writes well? So I asked Oliver Ashford, my chief
in the Secretariat back in the early 1960s.
Mr Ashford writes:
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' "You can but do your best". This is the
precept which I associate with Miss Mani: she
not only quotes it, she also lives up to it. And,
in her case, the best is an enviably high
standard of honesty, loyalty, hard work and
achievement.

I first met Miss Mani in 1946 when she came to
study at Harrow in that branch of the British
Meteorological Office responsible for the
development of new and improved instruments.
She proved to be an apt pupil and, clad in a
colourful sari, she impressed us with her skill in
carrying out experiments, including the testing
of instruments in a wind tunnel. She rapidly
became friendly with my family and we have
remained close friends ever since.
In 1955 I had the opportunity of seeing and
admiring her activities in the instruments
branch of the India Meteorological Department
at Pune (Poona). it was here that I failed to live
up to her high standards by arriving late for a
meeting of the Pune staff at which I was the
guest lecturer. The instrument laboratories and
workshops were a hive of industry with Miss
Manias the highly respected queen bee.
During the next 20 years I had occasion to
attend many specialist meetings of WMO and
IAMAP at which Miss Mani was also present.
She would report the results of her own work
quietly but effectively and only occasionally
would she display the Amazonian side of her
nature when trying to persuade other delegates
to accept her point of view as, for example, on
the adoption of Davos as the World Radiation
Centre.
Miss Mani has always stood up for her native
country. She would react rapidly and forcefully
to any adverse criticism of anything Indian, but
would be the first to admit that there was still
room for the kind of improvements to which
she herself devoted much of her effort. Thanks
largely to her enterprise, India is now in the
forefront of countries where meteorological
data, especially of solar radiation and wind, are
being presented in the most convenient way for
studies of alternative sources of energy.
Now.}n her seventies, Miss Mani is still actively
engaged in scientific work and a much loved
lecturer at national and international gatherings.
it is most fitting that she should be the first
meteorological instrument expert to be
included in Or Taba's series of Bulletin interviews. My only regret is that with her expertise
over such a wide range of measuring devicesradiosondes, ozone and radiation instruments,
anemometers, to name but a few-we do not
yet have an eponymous instrument; how
I would love to make some observations with
an Annamaniometer!'

We are most thankful to Mr Ashford for
this introduction and we are most grateful to
Miss Mani for having accepted to be interviewed by Dr Taba.

H.T.- Miss Mani, it is a special pleasure
for me to have this chance to conduct an
interview with you. You know, I have interviewed no less than 44 people in this

series for the WMO Bulletin but, so far,
Dr Joanne Simpson is the only other
woman. So may we start with my usual
question about your family background
and early years?

A.M. - I was born on 23 August 1918 at a
small town called Peermade in the Western
Ghats less than 200 km from the southern
extremity of the Indian peninsula. At that time it
was in the state ofTravancore, but in 1956
most of Travancore, Cochin, North Malabar
and South Kanara was amalgamated into the
new state of Kerala. My father was an engineer
of the Travancore Public Works Department in
charge of roads and bridges. The concrete
bridges he built over the many rivers in the
region and the roads he laid out have made
him quite famous. I was the seventh of eight
children, five boys and three girls. My father's
job meant that we moved quite often and so
I had frequent changes of school. Although we
belong to an ancient Christian church, said to
have been established in the year AD 52 by
St Thomas, Apostle of the East, my father was
an agnostic. He was also a rationalist, and
taught us always to be objective in our thinking
and not to accept any statement unless we had
tested and proved it for ourselves. I was particularly lucky to have been born into that family,
and also in that Indian state because Travancore is one of the beautiful places on Earth,
with its mountains and tropical rainforests,
rivers and backwaters that run along its whole
length. Our holidays were spent in entrancing
places in the mountains or by the sea. Our parents took us swimming, riding and shooting.
We used to take long walks in the forests
studying the trees and watching birds and wild
animals. My father owned cardamom estates in
the high ranges of the Ghats-cardamom is
grown in the virgin tropical rainforest after the
undergrowth has been cleared. The fruit is
dried and used as a spice. The view from our
house in the Elavanam estate overlooking the
mountain ranges is perhaps the most beautiful
scenery I have seen anywhere in the world. The
love of nature in all its glorious manifestations
that I still enjoy was, I am sure, due to this
early exposure. Another remarkable fact about
Travancore was that it was one of the few states
with the matriarchal system, so that women
were not only respected but looked up to as
head of family.
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H.T. -If the woman is head of the family, I
assume that girls have the same opportunities for education as boys?

ment of Physics which was headed by none
other than the great Sir C. V. Raman.

A.M. -Yes, of course. A very enlightened Maharani who ruled Travancore saw to it that education was free for all and more or less
compulsory up to high school level. Kerala has
the highest rate of literacy in lndia-about
100 per cent according to the latest indications.
My early schooling was at His Highness the
Maharaja's School for Girls at Trivandrum, capital
of Travancore. I later attended the Christava
Mahilalayam High School for Girls at Alwaye in
the north of the state. For my higher education I
went to Madras; the first two years at the
Women's Christian College and then a three-year
honours degree course in chemistry and
physics, plus a little mathematics, at Presidency
College. For physics I was taught by Professor
H. Parameswaran and for chemistry by Professor B. B. Dey, both very well known in their
fields.
H. T. - You were following in the footsteps
of some highly eminent scientists. Was not
Sir Chandrasekhara Venkata Raman a former student?
A.M. - Indeed he was. I think he was there from
1902 to 1906, and the story goes that he knew
so much already that his professor suggested
that he need not attend any lecture classes. Professors Ramanathan and Koteswaram, both of
whom you have interviewed, were also among
the illustrious graduates of Presidency College.
There were only about six students to a class
instead of the usual 20 or 30, so that tuition was
concentrated on the individual with consequently
excellent results. lt was wonderful to be actually
doing things in workshops and laboratories
under those conditions.
I obtained my B.Sc. (with honours) in 1939
and then spent a year as demonstrator in
physics at the Women's Christian College. Only
then did I feel I was really learning the subject!
H. T. - Were you inclined to continue academic studies after getting your degree?

H. T. - Before we go on to your work under
Professor Raman, perhaps you would
record some details about the man and his
character?
A. M. -He was an intellectual giant with a personality to match. He achieved in one lifetime
what others would take many lives to accomplish. The personal example of his dedication to
a scientific career, the brilliance and originality of
his research work, his success as a teacher in
training students who now themselves guide
schools of research, his gift of eloquence that
stimulated widespread interest in science, his
achievements as a scientific administrator in creating facilities for research and establishing new
schools for science, and his success in founding
journals for the publication of scientific work in
India are among the factors that have profoundly
influenced the progress of science in India. He
was a wonderful teacher and a splendid public
speaker, very widely read and with a remarkable
command of languages. And yet in spite of his
wonderful abilities and wide renown, he cared for
his students like his own children. He was most
concerned that, when the time came for us to
leave his Department, we went into a job we
would enjoy and be successful in. Certainly I felt
I was like a daughter to him and Lady Raman;
their house was a second home to me, not only
while I was a research student at Bangalore, but
also in later years.
Sir C. V. Raman died in November 1970. I
do not think you would wish me to catalogue his
scientific discoveries here, enough has been
written elsewhere. His work in optics that led to
a description of the Raman effect* won him the
Nobel Prize for physics in 1930 and he had
many other honours at home and abroad. I just
want to add that his broad culture made him a
luminary in more fields than physics.
H. T. - Please go on and tell us about your
research at Bangalore.
A. M. - Professor Raman was at that time
greatly interested in the structure and physical

A.M. -My desire then was to do research, and
one of the professors suggested I apply to go to
the Indian Institute of Science at Bangalore. I got
a scholarship and in 1940 entered the Depart-
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* Scattered monochromatic light contains some light at

different wavelengths from the original due to photons
gaining or losing energy by interaction with molecules of
the medium through which they pass. (Ed.)

properties of crystals, and notably of diamonds, which he called the prince of solids.
We were a team of nearly 20 investigating various aspects. My initial work was on the fluorescence and absorption of light in rubies. We
were told later that we had just missed discovering the ruby laser-electronics had not yet
progressed sufficiently. My first paper was published in 1942 *. Then I graduated to work on
diamonds. There were two types, one with fluorescence in the blue and one in the green, and
these we could relate to the crystal's vibration
spectra. One of our major discoveries was the
mirror-image symmetry of the fluorescent and
absorption spectra.

H. T. - Clearly you were enjoying your work
and making good headway. What were the
circumstances that led you to leave the
Institute and turn to meteorology?
A. M. -lt was entirely by accident. The Second
World War had just ended. Like most Indians
I was for Mahatma Gandhi and freedom for
India, so that my feelings were then anything
but pro-British. Therefore when the Government
offered scholarships for study in the United
Kingdom and the USA my first reaction was
one of rejection. However, a colleague at the
Institute managed to persuade me to apply,
pointing out that it was our money (the sterling
balances) that was being spent on the scholarships and I might as well get something out of
it. So I applied and went for an interview in
New Delhi. No scholarships were available in
my chosen field of physics, but there was
apparently a need for expertise in the domain
of meteorological instrumentation. So I agreed
to go to the United Kingdom in order to learn
something about this. lt was thus not entirely
of my own choice that I came into meteorology, but I shall always be grateful that things
turned out as they did.

I went first to Imperial College, but Professor
Brunt told me that no courses were given on
instruments and sent me to the Meteorological
Office. There I was taken to the office of the
Director General, Sir Nelson Johnson, and from
there handed down through the echelons to
Mr Pace who was in charge of the laboratory of
the Met. Office instruments division located at
Harrow. I spent about a year there learning
about all types of surface and upper-air instruments. They arranged visits to a number of
meteorological stations in England and Scotland, including the magnetic and seismological
installations at Eskdalemuir.
Next I spent three months at the National
Physical Laboratory at Teddington learning
about standards and standardization. Finally,
for three more months, I went round visiting different meteorological instrument manufacturers. When I returned home in 1948, India had
become independent.

H.T. - I assume you now joined the staff
of the Meteorological Department?
A.M. -Yes. I joined the instruments division at
Pune as 'meteorologist grade 2' where an
ambitious programme to design and manufacture our own instruments was just beginning.
Mr S. P. Venkiteshwaran was my chief. Up to
1945, all our instruments-even the barometer
backboards-had been imported from Europe.
But although I had actually seen many different
instruments being made, tested, calibrated and
used during my tour in the United Kingdom,
when I came up against the conditions in India
I realized that I still needed experience and that
this could only be gained by going ahead and
attempting to do things for myself.

H. T. - So when did you make this first trip
abroad?
A.M. -lt was in 1945, and the voyage was
aboard a troopship with lots of other Indian
scholarship students. When I arrived in London

Miss Mani shopping in Bangalore

* Proceedings of the Indian Academy of Sciences,

XV, p. 52.

Photo: H. Taba

142

barometers with the primary ones at Pune and
Calcutta.
As for your second point, it is true that the
role of women was a lot more circumscribed
by public opinion than it is today. Even so,
through his freedom movement Mahatma
Gandhi had done a lot to emancipate women,
and already in 194 7 there were female ministers, governors and members of parliament.
For myself, I must say that at no time did I
experience professional discrimination as a
woman in what was considered largely a man's
world. I did not feel I was either penalized or
privileged because of being female. Selection
for the scholarships at Bangalore and in the
United Kingdom had nothing to do with one's
sex. I had worked hard to gain my academic
qualifications and was judged fit to carry out
the work that was needed. The British Meteorological Office showed no prejudice in making
available facilities for me. Perhaps the
instrument manufacturing companies I visited
hoped for some big orders from India, but I am
afraid they were disappointed. In newly independent India we had to be able to fend for
ourselves.

The instruments division of the India
Meteorological Department had quite good
workshops and laboratories and made fan-type
radiosondes and ground equipment as well as
raingauges, anemometers and wind-vanes.
Rainfall measuring glasses and liquid-in-glass
thermometers were made by a firm in Calcutta.
My first job was to construct recording raingauges, then hygrographs, thermographs,
barographs, barometers, anemographs and so
forth. We set up our own tool room, foundry,
smithy, and sheet-metal, carpentry and assembly shops, and prepared detailed engineering
specifications, drawings and technical manuals
for all the 100-odd different kinds of instruments that eventually the Meteorological
Department made. Surface instrumentation is
now done in the workshops at Pune, upper-air
instrumentation at New Delhi and hydrogen is
produced at Agra.

H. T. -With the British colonial staff having left India, I suppose there was a great
need for highly competent scientists in the
Meteorological Department?

AM.- As a matter of fact, there were no
British people in the IMD in 1947, the last having been Sir Charles Normand who had retired
as Director General in 1944. Many of Professor Raman's former physics students had been
recruited into the Meteorological Department.
This was largely because in the 1930s and
1940s there were few good openings for them
at universities. Dr S. K. Banerji was the Director General and Professor Ramanathan was on
special duty planning the reorganization of the
Department. They were both former students
of Sir C. V. Raman. I was one of the last of his
students to enter the IMD.

H. T. -With its high level of scientific expertise, India was able to play a very important
part in the International Geophysical Year
that took place in 195 7/1958.

H. T. - So the India Meteorological
Department made itself self-sufficient as
regards instrumentation. Surely it was
rather unusual in those days for a woman
to be given such responsibility in a governmental department?
A. M. -We did become virtually self-sufficient
as far as instrumentation was concerned. We
established primary standard instruments and
techniques for measuring pressure, temperature, wind speed and so forth. I greatly enjoyed
conducting comparisons of regional standard

AM. -Professor K.R. Ramanathan had retired
from the Meteorological Department in 1948
but was then appointed Director of the Physical
Research Laboratory at Ahmedabad. The International Geophysical Year was already on the
horizon and, as president of the IUGG International Association of Meteorology (that soon
became IAMAP), he was much involved in organizing and planning the IGY. With the growing
interest in atmospheric physics that the IGY
brought about, it was decided to set up a network of radiation stations in India, but as we
had not yet had time to develop adequately our
own radiometers we had to buy the pyrheliometers and pyranometers we needed from
Europe for the first four stations.
However, it was not long before we were
constructing our own, and today there are
nearly 35 stations in the network making regular observations. Then we also developed sondes to observe vertical profiles not only of
radiation but also of ozone and atmospheric
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electricity which were important parameters in
the context of the IGY. I am proud to say that
we collected very reliable data from all these
newly instituted stations and the results have
been published.
Initially there was a problem of units,
because in India we had many different units
and scales for stating weights and measures. lt
was agreed that the Meteorological Department should adopt the metric system in
advance of the IGY, and the rest of the country
followed suit in 1959. lt was a major operation
to replace all the existing instruments-literally
thousands-by instruments reading in the metric system. lt involved the preparation of drawings, specifications and manuals for each new
instrument.

H. T. - You set much store by standards
and standardization?
A.M. -Yes. I believe that wrong measurements are worse than no measurements at all.
Unless instruments are properly designed and
built, accurately calibrated and correctly
exposed and read, meteorological measurements have no meaning. This is where WMO
plays a crucial role. In a science like ours,
whose subject matter knows no national
boundaries, standardization is of the utmost
importance if we are to be able to make meaningful analyses over large areas. I told the
Indian Standards Institution that we needed
national standards for all meteorological
parameters, and so they appointed me chairman of a committee to prepare specifications.
Of course I realize that measurements in the
free atmosphere can never be as accurate as
measurements carried out in a laboratory, but I
have always felt that unless these meteorological soundings are as accurate and homogeneous as possible we shall never properly
understand atmospheric processes.
H. T. -Therefore you presumably set
great store by international instrument
comparisons?
A.M. -Exactly. This is where I have been able
to help and influence WMO to some extent.
I have been directly or indirectly associated with
international instrument comparisons since
1956. We have been able to undertake interna-

tional and inter-regional comparisons of almost
all types of instrument: pyrheliometers, pyranometers, net pyrradiometers, sunshine
recorders, radiometersondes, atmospheric electricity sondes, ozone sondes, Dobson ozone
spectrophotometers, raingauges, anemometers,
instrumentation for aeronautical meteorology
and so forth. We have been able to designate
international and national standards for almost
all meteorological parameters.

H. T. - I believe it was mainly through your
work in the field of radiation that you first
made your mark in the community of
international meteorologists?
A. M. -As I said just now, it was mainly
through Professor Ramanathan's influence as
a prime mover of the IGY that systematic radiation and ozone observations were started in
India. I had been put in charge of the Instruments Division at Pune in 1953 and nominated Director in 1960, so that I was
fortunate to be at the forefront of these developments. As chairman of the CIMO working
group on radiation instruments and as a member of the International Radiation Commission,
the International Ozone Commission and the
International Commission on Atmospheric
Electricity, I could play a useful role in the
development of atmospheric instruments and
measurements. You will remember that the
IGY was timed to coincide with a period of
maximum sunspot activity, just as some six
years later there was the International Quiet
Sun Year (IQSY) when the sunspot cycle
reached its nadir. We undertook intensive
observations throughout both periods, and
maintained a good solar radiation monitoring
programme at other times. I had been much
impressed by the radiation station at Davos
when I had visited it in 1956 after the
radiosonde intercomparison at Payerne, so I
had no difficulty in agreeing to it as the site of
the second international pyrheliometer comparison in 1964.
In 1963, at the request of Dr Vikram
Sarabhai who laid the foundations of India's
space programme, I had the honour to set up
meteorological facilities at the new International Equatorial Rocket-launching Site near
Trivandrum in the south of India. I shall never
forget the excitement of the first launch and
our jubilation when everything went well.
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Payerne, Switzerland, 1956- International radiosonde comparison

H. r - Were you also involved in the International Indian Ocean Experiment in the
early 1960s?

AM -Yes. We were involved in equipping two
ships, the Kistna and Varuna, with the requisite
instrumentation. Some of my colleagues went to
sea to take observations. I would have loved to
have gone, but in those days women were not
allowed on ships of the Indian navy. Things have
changed since then, and nowadays they even
work on Indian bases in the Antarctic.
H. r - What were your other associations
with WMO?

AM - I was elected a member of the CIMO
advisory working group in the mid-1960s, the
radiation advisory group to the WMO/ICSU Joint
Organizing Committee, the CIMO working groups
on atmospheric electricity and on precipitation,
the COSAMC* working group on radiation climatology and, while I was chairman of the working
groups on radiation of CIMO and Regional Association 11, we were able to put world-wide radiation measurements on a stable basis. WMO has
designated not only standard instruments but
* The former Commission for Special Applications of

Meteorology and Climatology became the Commission for Climatology and Applications of
Meteorology in 1979 and the Commission for
Climatology in 1983 (Ed.).

also world, regional and national centres where
individual instruments can be calibrated against
a standard one. As the world centre I favoured
the observatory at Davos, and the then Director
of the Swiss Meteorological Institute, Mr Raymond Schneider, agreed to accept the responsibility of setting it up and running it at minimal
cost to WMO. The offer of the USSR had earlier
been accepted to create a world radiation data
centre at Leningrad, and their offer to set up a
second World Radiation Centre there was also
accepted. So now we have a three-tier hierarchy
of radiation centres analogous to the World
Weather Watch infrastructure: world, regional
and national centres. I must congratulate WMO
and the World Radiation Centre at Davos for having organized comparisons of radiation instruments regularly every five years since 1970. A
group of absolute cavity radiometers at Davos
was accepted as the world reference in 1980
and henceforth used as the basis for calibrating
regional and national radiometers. Incidentally,
my successor as chairman of the CIMO radiation
working group was Dr C. Fri:ihlich who is the
director of the Davos observatory.

H. T. - Your country has long been among
the leaders in the measurement of atmospheric ozone.
AM. - Until fairly recently, most Meteorological Services took little or no interest in
ozone since it had nothing to do with forecast
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ground so that we have an idea of the absolute values, or 'ground truth'.

H. T. - Did you receive any national or
international awards for your work on
atmospheric ozone?
A. M. -Well, I received the K. R. Ramanathan
Memorial Medal from the Indian National Science
Academy and a citation for my work over 30
years from the International Ozone Commission.
Davos, Switzerland, August!September 1964- International standard pyrheliorneter comparison

H. T. - Perhaps you would say something
about measurements of other atmospheric parameters?

ing the weather. Professor Ramanathan
bridged the gap most effectively between the
national Meteorological Services and non-governmental bodies in ICSU, and it is thanks to
his wide-ranging interest in atmospheric
physics that regular ozone observations in
India can be traced back to the early 1940s. In
fact, Dr Dobson himself had organized some
observations here during the period 1928 1929 when studying the latitudinal variation of
total ozone around the world.
In 1964 Professor Ramanathan handed
over the Indian network of Dobson spectrophotometer stations to the Meteorological
Department, and that was when I started
being involved in the programme. At Pune,
my colleague Dr C. R. Sreedharan developed
an electrochemical ozone sonde. We took
regular ozone soundings from three stations
in India. In the meantime I had taken over as
Deputy Director General (Instruments) at
New Delhi.
After our ozone spectrophotometers had
been modernized to incorporate up-to-date
electronics in the 1970s and gave highly reliable results, we worked back through the earlier observations applying a correction factor
to make the whole series of data comparable.
I have recently been involved in analysing
ozone data from Indian stations for the period
1960 to 1990 and have found no apparent
decrease in total ozone in the tropics during
the past 30 years.
Now that we have ozone sensors aboard
orbiting satellites we have the advantage of
global coverage by one single instrument
which gives a good relative distribution of
total ozone, but it remains essential to have a
network of good observing stations on the

A.M. - In the domain of atmospheric electricity, we have made regular observations in India
since 1952 using potential gradient and conductivity sondes, not to mention similar soundings with ozone and radiometer sondes. We
published a number of papers on the results
we obtained and on the radiation climate of the
Indian subcontinent and the Indian Ocean with
its adjoining areas. I forgot to mention that in
1959 I spent six months in the USA under what
was called the Point Four Programme to see
what more I could learn about meteorological
instruments. Mr Gordon Cartwright was at that
time in charge of the technical assistance programme at the Weather Bureau and both he
and Dr Reichelderfer were most kind and cooperative, letting me travel all over the USA to
see and learn about whatever I wanted. This
freedom of choice allowed me to learn much
more about recent developments in the application of electronics and computerization to
instrumentation than if I had followed a s~t
course. lt also shattered some rather bigoted
preconceptions I had of the country and its
people. On my way home I also visited Canada,
Hawaii, Japan, Thailand and Sri Lanka.
H. T. - In 1976 you retired from the
Meteorological Department in accordance
with the rules of the Indian civil service.
What was your next appointment?
A.M. - I joined the Raman Research Institute
in Bangalore as visiting professor for three
years and was given the task of selecting a
site for a new millimetre-wave telescope that
was being designed and built. This involved taking detailed measurements both at the Institute
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campus at Bangalore and at Nandi Hills, about
60 km to the north and about a thousand
metres higher. So we set up a first class observatory at both locations. Using a newly
designed infra-red spectral hygrometer calibrated by data from radiosondes, we measured the precipitable water content over both
sites. Whereas the mean precipitable water
content at Bangalore was 35-40 mm, at Nandi
Hills it was only 5-6 mm. The telescope has
now been constructed, and there are plans to
install one at Nandi Hills also.
The Department of Science and Technology of the Indian Government, anticipating a
need for instrumentation to assess potential
resources in solar radiation and wind energy,
asked the Raman Research Institute to develop
the requisite instruments. This was done, and
the know-how passed on to two companies
that are now manufacturing them. Again at the
request of the Department of Science and
Technology, two volumes on solar radiation
over India were prepared:the Handbook of
Solar Radiation Data for India (1980) and Solar
Radiation over India (1981). The first volume
gives observed data at 18 stations, whilst the
second gives computed data for 145 stations.
Two approaches were employed: one using
regression techniques to calculate global,
direct and diffuse solar radiation from records
of sunshine or cloudiness, and the other using
a theoretical model to compute radiation
received at the ground, taking account of scattering and absorption by known concentrations
of oxygen, ozone, C0 2 and water vapour in the
atmosphere.

H. T. -You have also been researching
wind data for the purpose of harnessing
energy I believe?

rology at Pune has established a field research
unit at Bangalore to look after this extensive
national programme. Recently we published
Wind Energy Resource Survey in India that presents three years' accumulated data from 21
sites equipped with 20-metre masts (sensors at
10 and 20 m). Our major tasks at present are to
help in identifying potential sites throughout the
country for wind farms for the large-scale generation of electric power and to compile a wind climatology over the whole country based on the
existing 500 wind-measuring stations plus 500
new ones. In the light of the results of our survey, wind farms that generate over 36 MW of
electric power have been set up in a number of
states; 50-MW and 100-MW systems are
planned for Gujarat and Tamil Nadu respectively,
in the framework of a national target of at least a
gigawatt of aeolian power by the year 2000.
I have recently become a climatologist,
therefore, in addition to being an instrument
expert. But I have always felt that climate is far
more important than weather. it is mainly in midlatitude temperate zones that the accent has
been placed on short-term weather forecasting.
Since there is an inherent limitation on the timerange of deterministic weather forecasting, it is
beyond my comprehension, though, how anyone
can contemplate predicting the climate.

H. T. -Which of the many scientists you
have met during your career left the
greatest impression?

A. M. -it has been my privilege to meet many
outstanding scientists both at home and
abroad. Your question puts me in an invidious
position because obviously I can name only a

A. M. -This is currently my main interest and
responsibility. At the request of the newly-established Department of Non-conventional Energy
Sources, all the available wind data from the IMD
stations were published in a third volume, Wind
Energy Data for India (1983). Realizing that the
meteorological observatories did not give a correct picture of the country's wind-energy potential, we have since (at the request of the
Department of Non-conventional Energy
Sources) organized wind measurements at over
600 sites using 20- and 5-metre instrumented
masts. The Indian Institute of Tropical Meteo-
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Tokyo, Japan, 1965- CIMO-IV: Miss Mani with
!from left to right) Messrs Wallen, Rockney, Hinzpeter,
Treussart and Kronebach

sent they are not. I am currently involved in the
publication of a series of textbooks by Indian
meteorologists which should, one hopes, fill
the lacunae that exist in books on Indian
weather and climate.

few. Professor Raman, of course, had the
greatest influence on my whole life and outlook. Professor Ramanathan has been a great
source of encouragement and advice, demonstrating what can be achieved in meteorology.
Then there were, inter alios, A. Angstrom,
M I. Budyko, G. M. B. Dobson, A. Drummond,
H. U. DUtsch, H. Landsberg, F. Moller,
W. Morikofer and C. D. Walshaw. Among my
other Indian colleagues, I should like to mention P. R. Krishna Rao and Professor P. R.
Pisharoty. I owe far more than I can say to
Mr S. P. Venkiteshwaran and to all my present
and former colleagues in the instruments divisions at Pune and New Delhi who worked with
such loyalty, devotion and enthusiasm.

H. T. -What are your chief interests outside your professional activities?

H. T. - I believe you worked for WMO for
short periods?
A. M. -For two periods of three months each:
in 1967 at the WMO headquarters to revise the
WMO Guide to Instruments and Observing
Practices; and in Egypt in 1975 as expert on
radiation. I am just back from the Region 11/
Region V training seminar on the presentation
and use of meteorological data for solar and
wind energy that took place at Kathmandu,
Nepal, in March 1991. lt was an exhilarating
experience since there were 30 lively participants from 16 Asian countries.
lt is amazing how radiation measurements
are still not being made using instruments recommended by WMO. lt is crucially important to
have reliable observations, and not only to
serve as ground truth to validate satellite data.
So, the sooner all countries start using reliable
instruments, the sooner they will have a firm
data base for assessing their solar energy
potential.
H. T. - How do you feel about meteorology
today in India and elsewhere?
A. M. -We still have a long way to go-particularly in forecasting the monsoon-despite
more than a hundred years of concentrated
effort. I still place measurements first. Neither
models nor supercomputers can give reliable
short- and medium-range forecasts unless their
input of observed data (especially for the upper
air) is reliable. I would also like to see better
education and training in meteorology-the universities should be leading in this, but at pre-

A.M. - I am very lucky because work in my
professional capacity has been a hobby and
joy to me. I should be most unhappy to wake
up without the prospect of some work to do.
But when I have done it, I enjoy reading and listening to music. I love going to the mountains
and to the sea; in short, I love nature and try
to do some bird-watching and learn about trees
and flowers and plants. I used to do a lot of
photography, but nowadays cameras seem to
get heavier and heavier. Finally, I have my dog
to ensure that I keep active.
H. T. - How do you see the future of
meteorological instrumentation? Are the
technological advances keeping pace with
scientific theory?
A. M. -Never forget that there can be no synoptic meteorology, no weather forecasting and
no climatology without measurements. To a
considerable extent, technological developments determine the rate of advance of scientific theory because they provide a wider
range of the raw material, namely data. Any
measuring system consists of a sensor, a signal-conditioning unit and a recorder or display.
We have made tremendous progress in the latter two, but less in the case of sensors. The
sensor is, after all, the heart of the instrument,
and if the data it acquires are wrong, the processor unit cannot correct them. In some
cases the expenditure on data-processing and
-logging is not justified by the quality of the initial data acquired. I have already referred to
the reliance we place on ground truth for
attributing absolute values to the radiometric
patterns obtained from satellite data. Radiometry from satellites is one of the greatest gifts
to meteorology this century. Most of the Earth
can be scanned by one and the same radiometric sensor, whether it be for temperature
or precipitable water profiles, cloud-top or surface temperatures, ozone mapping, or other
purposes. So all sensors (both the radiome-
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ters and the ground-based instruments) must
be accurate, reliable and robust.

vision of nature and the universe around us.
But there is nothing mean or lowly in standing
in the valley below and awaiting the sunrise
over Kangchenjunga."

H. T. - Finally, Miss Mani, have you any
advice to offer a young person thinking of
meteorology as their future profession?
A. M. -Young people nowadays neither seek
nor need advice, least of all from someone of
another generation. But since the question is
framed in an impersonal way, I feel I can venture to say: 'We have only one life. First equip
yourself for the job, make full use of your talents and then love and enjoy the work, making
the most of being out of doors and in contact
with nature'. Professor S. Chandrasekhar once
gave a talk entitled 'The pursuit of science; its
motivations'. He concluded:
"The pursuit of science has often been
compared to the scaling of mountains, high
and not so high. But who amongst us can
hope, even in imagination, to scale Everest
and reach its summit when the sky is blue and
the air still; and in that stillness of the air
survey the entire Himalayan range in the
dazzling white of the snow stretching to
infinity. None of us can hope for a comparable

Bangalore, India, May 1991- Miss Mani with Dr Taba
Photo: H. Taba

H. T. -That is a picturesque thought on
which to close this interview. Thank you
very much indeed, Miss Mani, for your
frank and interesting recollections of a
career in which so many opportunities
were taken to benefit the community.
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Professor Malin Falkenmark

About 9 per cent of the Kingdom of Sweden
consists of inland water bodies. it is not surprising therefore that hydrology ranks high among
the various environmental sciences in that
country, particularly when it is recalled that
hydrological problems are compounded by the
presence of ice during a considerable part of
the year.
Until the Swedish Meteorological and
Hydrological Institute received and accepted in
the early 1950s an application by a young lady
called Mrs Mafin Fa/kenmark for a post in the
Ice Department, hydrology in Sweden was an
all-male preserve. Mrs Fa/kenmark had graduated in mathematics, chemistry, physics and
mechanics in 1950 from Uppsa/a University
(even had she decided on a career in hydrology
from the start, there were no university courses
in the subject in those days). In addition to
performing her official duties and caring for two
young children, she found time to study for a
licentiat in hydrology, following a curriculum
specially prepared for her by Or Aft Nyberg,
Director of the SMHI, and Or Gunnar Nybrant,
who was in charge of the Ice Department. Her
licentiat thesis of 1963 was on the load-bearing
capacity of fake ice, a matter of great importance in countries where road transport uses
the ice to cross rivers in winter.
it was the inception of the International
Hydrological Decade (1965/1974) that brought
Mafin Fa/kenmark into contact with the international community of hydrologists. She served as
secretary of the Swedish /HO Committee, in the
course of time transferring from the SMH/ to
another governmental agency, the Swedish
Natural Science Research Council.
This institution is generally known by its
Swedish acronym, NFR. it is housed in an
impressive complex in Stockholm built by the
Foundation for Scientific Research, financed
jointly by Or Axe/ Wenner-Gren and the Government. Its aim is to foster research by Swedish
and foreign scientists in all scientific disciplines.
The complex comprises three buildings. The
principal one, a 24-floor skyscraper, is called
the Pylon, and provides office space for many
Swedish scientific research organizations as

Professor Malin Falkenmark
Photo: H. Taba

well as for the administration of the centre
itself. The cube-shaped Tetragon has an
auditorium for some 250 persons and is
equipped with modern technical facilities. The
semi-circular Helicon is the residential quarters
for up to 130 scientists and their families.
Working for the NFR, Mafin Fafkenmark was
able to maintain her association with research,
but also became involved in the more administrative tasks attached to co-operation with other
nations. This aspect appealed to her, and she
remained in office after the /HO was succeeded
by the International Hydrological Programme
({HP). Since 1986, she has had a personal
research professorship approved by the Government which permits her to continue to
contribute her outstanding and imaginative
talent to the wider problems of hydrology, the
environment and development.
Or Taba met Professor Fa/kenmark in her
office on the eighteenth floor of the Pylon on
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the morning of 10 July 1991 and the interview
subsequently took place at her summer
residence on the shores of a lake about 70 km
south-west of Stockholm. Or Taba enjoyed the
typical Swedish midday meal of local herring
and new potatoes washed down with cold
beer. He had not met Professor Fa/kenmark
before, and was profoundly impressed by her
energy and enthusiasm, while finding her
pleasant and easy to talk to. It was clear that
although she now had to retire, she had no
intention of severing her ties with scientific
work nor even slowing down.
We are most grateful to Professor Fa/kenmark for agreeing to take part in the series of
Bulletin interviews.

H. T. - A Fit. Mag. is rated somewhat
higher than an MS, if I am not mistaken.
So what was your first employment?
M. F. - I tried several jobs: I was calcLilation
assistant to Professor Erik Hallen at the Royal
Institute of Technology; I spent a month at the
mathematical machine authority working on a
relay calculator-the BARK; I joined the governmental pension authority but was put to work
on funeral associations which was so boring
that I left in March 1953. Then someone told
me that the mint was looking for a physicist.
1 went home to search through the newspapers
for the job announcement but could not find it.
1 did, however, see a post advertised for a .
physicist in the Ice Department of the Swed1sh
Meteorological and Hydrological Institute.
applied and was accepted. That was how I
embarked upon my career in hydrology.
1

H. T. -Professor Falkenmark, thank you
for inviting me to your office at the Wenner-Gren Centre in the building called the
Pylon. Although I shall certainly be asking
you for more details about the Natural
Science Research Council, this is essentially a personal interview so it is equally
fitting that we are now at your delightful
country residence. First, would you please
say something about your family background and education.
M.F. - I was born on 21 November 1925 in
Stockholm, the eldest daughter of a family of
five. My father, Halvar Sundberg, was professor
of law at Uppsala University, and initially the
idea was that I should study to become a
lawyer. However, at high school I proved to be
particularly good at mathematics, and a legal
career held no appeal for me. We therefore had
to find how I could prepare myself for an
interesting profession that would involve the
application of mathematics. There seemed to
be two possibilities: either statistical mathematics and the national economy or mathematics
for physics and mechanics. At that time I had a
boyfriend who was attending the Royal Technical University of Stockholm in order to become
a civil engineer, and so I chose to study mathematics with physics, chemistry and mechanics.
However after I had graduated Filosofie Magister (Fil. Mag.) from Uppsala in 1950, I married
Per Falkenmark, and he was a lawyer!

H. T. - What was your first task in the SMHI?
M. F. -lt was to write up environmental impact
assessments, although in those days the
reason was rather more financial than the
concern to safeguard the natural environment
of today. My work was connected with the
consequences of regulating the flow of watercourses on ice conditions in northern Sweden
where bridges are very few and far between. In
summer traffic can be transported across
rivers by boat, but in winter they rely on the ice
cover. If there should be a high discharge of
relatively warm water, the ice downstream will
no longer be safe, and this has a considerable
economic impact. The water boards had to
decide on the degree to which owners of
hydropower generating installations were
responsible for compensating for losses
incurred when traffic was disrupted on this
account. You see, the demand for electric
power is very high in winter, and strong flows
are needed to generate it. But the water
released from storage basins may be two
degrees warmer than the river water, and the
ice will melt. The weather, especially the air
temperature, also had to be taken into account
over certain vulnerable stretches, and the fact
that roads were closed during mild periods.

H. T. - As you implied, it is realized nowadays that much can be at stake by interfering with the natural state of affairs.
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M.F. -Yes. Another problem that I had to deal
with was complaints from commercial fishermen that the dredging of river-beds gave rise to
much turbidity downstream that disturbed the
fish populations. That was followed by the
problem of warm water effluents from planned
nuclear power stations which involved studying
the exchange and movement of water in lakes.
For that purpose I was sent to the USA in order
to learn something about tracer technology. To
start with we used radioisotopes, but later
turned to dyes. A large-scale field investigation
was organized on Lake Hackren and I became
very interested in lake hydrology. At about this
time the SMHI was approached by the military
defence authority, again on the subject of ice
for transport purposes. They wanted to know
about the bearing capacity of an ice sheet in
connection with their various vehicles and
pieces of equipment. This was of interest also
to the civil road transport authority, and so we
embarked upon studies with stationary and
moving loads. First of all we placed large
containers on the ice and started filling these
with water, making photogrammetric measurements of the distortion of the ice surface and
examining the formation of cracks around the
load. For the dynamic studies, a new type of
tank recently acquired by the army was driven
on and off the ice to see whether the bearing
capacity was different from that of the static
test. My own contribution was to take ice
beams and note at what load they cracked, at
the same time studying the ice crystal structure
through polarized light. lt also fell to me to
collate all the data we had gathered and write
up the conclusions, and this served as my
thesis for a licentiat in hydrology which I
obtained in 1963. I should explain that hydrology courses were not given at university in the
1950s, and it was Dr Alf Nyberg, chief of the
SMHI since 1955, who encouraged and facilitated my study of the subject. With the head of
the Ice Department, Dr Gunnar Nybrant, he
devised a literary course in hydrology which
was accepted by the Government, the examiner
being the professor of physical geography of
Uppsala University. I forgot to say that another
part of my work concerned damage to dikes,
river banks and installations caused by excessive ice pressure due to the flow rate going up
and down and changing the water levels of
lakes and rivers. This was another liability of the
hydropower generators.

H. T. - Was there a change in your work
now that you had a licentiat in hydrology?
M. F. -At that time I was expecting my third
child and took the opportunity of maternity
leave to write a book with my colleague Arne
Forsman. lt was the first in Sweden to deal with
freshwater hydrology in a popular way, and was
called Water in our World. I think it is still used
for education purposes. Returning to the SMHI
after my maternity leave, it was suggested that
I might be interested in the post of secretary to
a new national committee that the Swedish
Natural Science Research Council was organizing for the International Hydrological Decade. I
was not wildly enthusiastic, but agreed to take
it on for six months or so. As things turned out,
this is what I did for the next 25 years! I
became more and more interested in hydrology
and its important role as a natural science. In
196 7, I moved here to the Wenner-Gren Centre
and my function was reclassified as Executive
Secretary of the nationaiiHD committee.
H. T. - What exactly was the role of the
national IHD committee?
M. F. -it was to see to the carrying out of a
hydrological research programme in Sweden
that would form part of the overall international
IHD programme sponsored and co-ordinated by
UNESCO (as you know, when the Decade itself
came to an end in 1974, activities continued
under UNESCO's International Hydrological
Programme (IHP)). My own work was much
more varied than I could have imagined. I was
responsible for all the administration, facilitating
the building-up of hydrological station networks
and implementing decisions of the committee. I
was also designated leader of a 10-year project
in lake hydrology, a special interest of mine,
with the participation of several universities. As
a result of the project we could model the
movement of water in a typical Swedish lake,
given information on its morphology and
climatic conditions. Unfortunately, the Natural
Science Research Council decided in 1986 that
it could no longer maintain the support to
hydrology at the level it had enjoyed since the
start of the IHD in 1965, and the funds allocated
went down by 84 per cent. A new secretary was
recruited and I was nominated chairman of the
restructured national committee for the IHP, at
the same time receiving a personal chair in
applied and international hydrology.
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H. T. - At which university?
M.F. -Strictly speaking, it is not tied to any
university. lt is a chair that the Research Council
can attribute in order to permit senior scientists
to continue research work for a certain period.
However, in reality, I work with the universities
of Linki:iping and Stockholm.

H. T. - Please tell me something about
your colleagues.
M.F. -There have been many people who
have contributed to my transformation from the
shy girl that I was when I finished university to
the professional individual I am today. First of
all, I must mention Alf Nyberg, Director of the
SMHI from 1955 to 1977 and also President of
WMO from 1963 to 1971, because it was he
who detected in me a potential talent for
hydrology and put me on the road to success.
With him I must link the name of Gunnar
Nybrant, my director in the Ice Department of
the SMHI. Whereas most males were very
disparaging about women in science (many still
are!), those two had the strength of character
and conviction to support me in my quest to
become the first female hydrologist in Sweden.
Another person to whom I owe a debt of
gratitude is Dr Nils Svantesson who came as
consultant on tracers to the Ice Department
and worked with me on the Lake Hackren
project, studying turbulent flow. With him I
wrote one of my first scientific papers, on the
dilution of tracers in natural waters. And
another person I should like to mention is
Professor Gunnar Hoppe, chairman of the first
national committee on the IHD, who was highly
stimulating, an excellent scientist and very
good administrator.
H. T. - In retrospect, would you say that
the IHD achieved its objectives?
M.F. -As far as Sweden is concerned, it was
instrumental in raising hydrology to the status
of an Earth science in its own right, with proper
research activities. Therefore it unquestionably
did achieve its objectives with us. But more
than that, it brought an international dimension
to the subject with something like 80 national
committees and focal points existing around
the world-a global network of hydrological
scientists if you like. Then again, it resulted in

the publication of data of various kinds that
together are now realized to be so important:
precipitation, soil moisture, groundwater,
runoff, and water quantity and quality. In the
water-management systems of many countries
these factors had mostly been treated separately. In the context of international co-operation, I was responsible for co-operation among
the Nordic countries, and we had our first
meeting at Hasselby Castle just outside Stockholm in 1966. During the 1960s and 1970s we
held a series of symposia on different issues
concerning the Nordic countries. Then in the
1980s we advanced into the truly international
arena, hosting two symposia. One was on
hydrochemical balances of freshwater systems
and the other on water awareness in societal
planning and decision-making. The first, in
1984, was important because at it we really
tried to link water quality with the fact that
water is continually on the move. Hitherto,
water quality had been regarded as a separate
problem to be looked into by other scientific
groups-limnologists and chemists studying
the concentration of different chemical components of water-without taking into consideration the contribution of hydrologists in
explaining how the concentration distribution
patterns came about, depending on the origin
and pathways of the water.

H. T. - Did you gain any insight into
hydrological problems of developing
countries?
M.F. - I got the very strong impression that
something was wrong with current ideas about
the hydrology of those countries. lt seemed to
me that hydrological thinking there was influenced too much by the climate of temperate
countries rather than the actual tropical and
subtropical climatic conditions. Therefore I
proposed a project within the framework of the
IHP to compare hydrology under temperate and
tropical climates, and this was widely supported. I was made project leader, and although
it started in the mid-1970s, the result in the
form of the publication Comparative Hydrology*, only appeared in 1989. I think this was a
good achievement because the work distinguishes particular characteristics of the hydrology of sloping and flat terrain in temperate
zones and in both humid and arid tropical and
subtropical zones.
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H. T. -Was this the result of joint efforts
by people from several different countries?
M. F.- There were contributors from many
parts of the world in order to cover the different conditions, and my co-editor was Professor Tom Chapman from Australia who, oddly
enough, had shared my sentiment about too
much weight being given in tropical hydrology
to temperate climates. There had even been a
paper published entitled 'World hydrologyWhy doesn't Australia fit?'. We ended up with a
book of 480 pages and-an innovation-a
world map of potential evaporation, or the
'water attraction capacity' of the atmosphere.
it astonished Professor Chapman to see the
tremendous range of this atmospheric evaporative demand over different regions of the
world. Indeed, when I look at this map I am
struck by the fact that the most povertystricken countries lie in regions with intermittent droughts and high potential evaporation,
say more than 1 500 mm. This suggests to
me that, to achieve social well-being and
development, it is necessary to face up to the
hydroclimatic challenge and the environmental
vulnerability that goes with it. I think it is the
first time that this has been so clearly demonstrated.

H. T. - In your own country you have
served on numerous groups and committees, and perhaps there are some topics
that you feel have been specially important to the development of hydrology in
Sweden?
M. F. -To a considerable extent this work
centred on the problem of waste water entering lakes and rivers, and the various actual or
potential environmental consequences. When
the authorities came up against this problem
and appointed an advisory group, it was felt
desirable to include a hydrologist and this was
usually myself. Whereas there was not really
very much I could do, it did highlight the
matter of communication between different
scientific disciplines and differing mental
images of world problems depending upon
one's own sphere of interest. In 1973 I
* M. FALKENMARK and T. G. CHAPMAN (£ds.), 1989:

Comparative Hydrology. An ecological approach to
land and water resources. UNESCO

became a member of the Research Council of
the Environmental Protection Board. I was
made chairman of a Research Committee on
Lakes, Rivers and Groundwater, and as the
only hydrologist on that committee I became
most frustrated at not being able to get
through to the other members who were either
limnologists or technical experts on the
treatment of waste water. Since the committee
had to be democratically run to reflect the
majority opinion, it meant that hydrological
perspectives were frequently drowned. I was
assigned half-time from 1975 to 1980 as an
expert to the Ministry of Agriculture to prepare
a report on Sweden's water resources and the
use made of them. Written from a hydrological
standpoint, the report came about ten years
too early. However, it seems that at last
someone at the Ministry is thinking in terms of
hydrology, because I was recently asked for
permission to reproduce some passages.

H. T. - Can you tell us more about your
association with linkoping University?
M.F. -The Faculty of Philosophy at Linkiiping
had no formal research activities and they
wished to start a small programme but with no
more than about 25 chairs. The question was
how to organize it so as to cover the whole
scientific field of the faculty with so few chairs,
and they had decided to concentrate on
interdisciplinary research. Four themes had
been chosen, namely water in nature and
society, technology in society, health and
communication. I was brought in to make
proposals for the first field, so I formed a
planning committee of four and we worked
together from 1976 to 1979 to draw up our
proposals. I found this task profoundly interesting and it had a marked effect on my life.
Remember: I was engaged at the same time
on the UNESCO study of comparative hydrology so, with the two together, I gained much
deeper insight into the problems of developing
countries. I am happy to say that, since 1 July
1980, there has been an active water research
group of some 40 people at Linkiiping that has
produced around 20 theses. The Royal
Academy of Sciences and the Natural Science
Research Council both proposed me as member of the Council on Interdisciplinary Research
at Linkiiping University. I have been going there
one day a week since 1980.
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Prof. Falkenmark (centre of photo) has been called npon to serve on many boards and committees in Sweden, including
the Scientific Board of the Building Research Council

H. T. - Your reference to the problems of
developing countries leads me to ask you
to say something about your work in the
international field.
M.F. -My work with the Swedish nationaiiHD
committee naturally brought me into contact
with the international sphere and, moreover,
Sweden was represented on the Intergovernmental Council for the IHD so I met many
hydrologists from other lands. In 1973, I took
part in the first world congress of the International Water Resources Association which had
recently been launched by the late Professor
Ven te Chow. When I was on a tour in the USA in
the mid-1970s he invited me to his home and
persuaded me to become a member of the
Advisory Board of IWRA and I have been
involved in the Association in one way or
another ever since. At present I am chairman of
the Committee on Water Strategies for the
Twenty-first Century which was set up on my
initiative at the 1984 IWRA congress in Brussels; I really felt that we were not looking far
enough into the future, what with the constantly
growing world population and the prospect of
climatic changes and all the rest. One of the
first things the committee did was to study the
report entitled Our Common Heritage written by
the World Commission on Environment and
Development under the chairmanship of
Mrs Brundtland of Norway. At a special meeting
during the 1988 congress in Ottawa we prepared a statement for adoption by IWRA regretting that the Commission's report contained no
chapter on freshwater which was such an acute
development problem in many parts of the
world. This statement was taken up in various
quarters and did have some impact.

H. T. - Tell me about the 'project leader
group for water as seen from a developing
country perspective'.
M.F. -In the 1970s Professor Gunnar Lindh
and I wrote a popular book entitled Water for a
Starving World in which we pointed out that
water was needed not only for domestic and
industrial use but also for food production
(which was in fact why we put the word starving
and not thirsty in the title). We focused on the
interaction between water and land. At the
same time we wrote a more scientific work
defining the important areas for research, and
this developed into a larger project involving
also Carl Widstrand and Lennart de Mare,
thereby representing natural sciences, engineering and social sciences (Dr Widstrand is an
anthropologist). Together we went deeper into
the issue and tried to point to the crucial
research thrusts needed. This was published in
the late 1970s by Pergamon Press under the
title Water Conflicts and Research Priorities.
H. T. - What is the Globe Tree Foundation?
M.F. -Its object is to let children see how
people live in other parts of the world, to give
them some idea of the world they are going to
have to cope with when they grow up and,
incidentally, through them, to reach their parents
so as to correct some current miscon.ceptions
about the world. More precisely, the aim of
Globe Tree is to promote the education of
children about people and their environment in
an international perspective. To do this we
combine visual imagery, sound and dramatic
representations in the best possible way.
I became involved in the effort quite by chance.
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The leader is an extremely innovative actress,
Kajsa Dahlstrom, and she is supported by two
remarkable people: an engineering scientist,
Ben van Brouckhorst from Java, and an artistic
photographer, Sam Samuelsson. Uppsala
University had organized a symposium in
preparation for the Drinking Water and Sanitation Decade, and I was asked to make a synthesis of all the contributions from developing
countries to constitute a sort of annex to the
proceedings. lt seems that Ben van Brouckhorst
read this annex in Indonesia and suggested to
Kajsa Dahlstrom that she should contact me. So
it was that I found a note on my desk asking me
to call her at the Globe Theatre. Now, the last
thing I wanted was to be involved in theatricals,
and so I did not call back. In the end I met her at
an event outside Stockholm, but it was only
when I saw her walking along the road and
stopped to pick her up as I was driving away in
my car that that we finally made contact. Later
she brought Ben van Brouckhorst to see me and
we had a most stimulating conversation during
which I became convinced of the importance of
their project in environmental education. So
together we prepared a project called 'See the
world from a water perspective' which has now
been implemented in Sweden, Indonesia, Kenya
and other countries, as well as at international
schools in Geneva, New York and elsewhere.
Last year we issued a book called Life as
Mirrored in Water with a picture by Sa m on the
cover showing a girl looking at her reflection in
a tank of water. So, whereas the Globe Tree
Foundation was Swedish at the beginning, it now
has a clear international dimension through our
contacts in various countries.

Alvkarleby, Sweden, June 1990- Globe Tree Foundation's summer seminar. Prof. Falkenmark is standing, third
from right at the back

H. T. - Obviously, water resources and
climate are closely related, but how did
you came to be involved in the climate
change issue?
M.F. -At first, climate change was of no
particular interest to me, but then I was pitched
into the arena by having to represent the
International Association of Hydrological Sciences at a workshop in Vancouver in 1987 and
wrote a paper about the involvement of hydrology in the climate change issue. Only then did it
come home to me that a changing climate
would bring about changes in precipitation and
evaporation patterns; runoff would change;
infiltration would change because of changes in
the vegetation root zone; groundwater recharge
would change and so would the water table and
water quality; the aquatic ecosystem cycle
would change. So I am busy trying to foresee
just how climate change will manifest itself in
the context of water supply. The International
Institute of Applied Systems Analysis near
Vienna then involved me in its study of climate
change in Europe.
H. T. - Perhaps you would comment on
water in the context of protecting the
natural environment?
M. F. -Early on in discussions of the environmental issue, water was always regarded as a
victim of pollution. But when you study more
closely the role of water in environmental
processes, you realize that it can also be a
generator of perturbations to the environment.
Water has many different but parallel functions:
it is a habitat (and in that sense a victim of
pollution), it is a solvent constantly on the move
above and below ground, it is a basic necessity
for life and a natural resource whose scarcity
may govern the socio-economic conditions of
large populations. Because ecosystems live on
water, any hydrological change will have biological side-effects. But since environmental
research, at least in Sweden, is always problemdriven and effect-oriented, so research focuses
on effects rather than on causes. Much less has
been done to elucidate the causality chains, of
which hydrology certainly forms a part. I have
prepared a water-cycle-based diagram showing
that the principal environmental problem-pollution-can indeed, like most environmental
problems, be explained from the standpoint of
water. Water is responsible for spreading
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fundamental factors, there is the insidious one
of the vulnerability of the soil surface to impermeability, bringing with it the scourges of flash
floods, erosion and sediment transport. There is
also the vulnerability of vegetation and food
production to drought years, with the attendant
spectre of desertification.

H. T. - Would you say something about the
links between climate and water availability?

Aspen, Colorado, USA, July!August 1990- Professor
Malin Falkenmark at the Aspen Institute of Global
Change

pollutants around during the various phases of
the water cycle, lack of water gives rise to a
degraded environment, vegetation needs water,
but a change in vegetation can disturb the
partitioning of rainwater. In other words: how
much goes back to the atmosphere?; how much
into aquifers?; and how much runs off uselessly
and perhaps destructively? With my diagram, I
can illustrate that on our "water planet" we are
all at the mercy of the water cycle.

H. T. - How would you define the main
factors that threaten the quantity and
quality of water?
M.F. - I think the number one problem arises
from the conflicting facts that water is a finite
resource (the amount available for use depending upon partitioning), and that the world
population continues to increase. The per caput
availability of water will therefore inevitably
become less. The other major problem is water
quality, which is basically a self-inflicted one
since, as I have already said, water is a solvent
continuously on the move. The first problem, the
inherent shortage of water, is most acute for
developing countries, although even there it is
sometimes compounded by the second, namely
polluted water supplies. But on top of those

M. F. -My concern about this dates back to the
droughts of 1984-1985 when 20 countries
suffered severe famine conditions. Maps of the
affected regions showed them to be in the
shape of a crescent, and hydrological maps
showed the same crescent. I came to the
conclusion that we had to do with a multidimensional water shortage problem that had
four elements. The first was that the growing
season, linked to the rainy season, was very
short. The second was that where the annual
precipitation was low it was also highly variable,
and food production was vulnerable to this
uncertain rainfall. The third was the phenomenon
of desiccation which depends more on soil
permeability than on the quantity of precipitation.
The fourth was water stress, where the increasing population places ever heavier demands on
the limited water available. We must develop a
new conceptual framework when discussing
biomass production in arid climates that takes
more account of the different phases of the
water cycle. We must get away from the concept based on temperate latitudes.

H. T. - You have made the point that we
must look further into the future. Which
environmental factors are most likely to
affect the hydrological cycle?
M.F. - I am influenced in this by William Clark
whom I met at IIASA. lt was he who pointed out
that we should not speak of individual problems
of the environment but rather of a multi-cause
syndrome of environmental change. In my field
there are three sets of environmental problems,
each with multiple causes: the water shortage
I have just referred to, water pollution and
reduced fertility of the land. Among the ways
that water becomes polluted are the emission
into the atmosphere of exhaust gases, whose
components are dissolved in water droplets and
thus enter the water cycle, and the introduction
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of chemicals directly at the Earth's surface
(fertilizers, pesticides, weed-killers, industrial
wastes or landfill). Lowered fertility is caused by
waterlogging, salinization, desiccation or the
elimination of organic substances in the soil
through applying too much chemical fertilizer.
So my conclusion is that we must look at
scenarios well into the next century. The year
2000 seems to stand as a barrier to any sort of
meaningful forward planning. Once I was at an
official lunch where nobody knew each other
very well, and to make conversation I remarked
to the then Minister for the Future that it was
rather strange that all studies of the future
seemed to stop at the year 2000. His reply was
"I had never thought about it.". I thought that
was an odd admission from the Minister for the
Future!

the plants, and I do not think there will be enough
water to pass through so many extra crops into
the atmosphere. Even aquatic ecologists do not
seem to grasp the fact that the samples of water
they take and analyse in their test-tubes has not
been standing still, but has been journeying-as
a solvent- through media with all sorts of
different properties. Only by tracing back its path
can one attempt to explain the reason for its
present composition. So hydrologists must
impress upon scientists in other environmental
disciplines this 'new phase' of hydrology as it has
been called. Among limnologists I believe I have
one strong supporter in Bob Petersen of Lund
University who feels out of step with his colleagues in Sweden. He is organizing an international meeting later this year on lowland stream
restoration in the context of stopping the transport and leaching of soil nutrients into water
bodies with the consequent problem of eutrophication. He has invited me to be a key speaker.

H. T. - I note that you prefer to use the
term desiccation of the land rather than
desertification. Why?

H. T. - Presumably, this 'new phase' of
hydrology will require a new breed of hydrologists. What sort of training will they need?

M.F. -As I said earlier: in my opinion, this
phenomenon exists not only in marginal land
around existing deserts, but also on the slopes
of mountains like the Himalayas where the
annual rainfall may be several metres, but where
infiltration has been impeded-the surface soil
has become impermeable-so that rainwater
does not reach the root zone and aquifers, but
is carried away in runoff. The result is a form of
desertification.

M.F. -That is a most important issue, but
I reiterate that we shall also need a new breed
of ecologists. In the past, hydrologists have
tended to stay in one corner of the science
because they concentrated on surface water.
Soil moisture was treated more by agriculturalists than by hydrologists. What we need now
is a breed of ecohydrologists, well educated
in chemistry and biology, who realize the need
to understand the water cycle pathways
thoroughly.

H. T. - If I have understood you correctly,
you feel there is room for considerably
greater contact between hydrologists and
environmental scientists?
M.F. - lt goes back to what I mentioned earlier:
the problem of communication between disciplines. Ecologists have a fundamentally different
concept of water from hydrologists; they regard
it as a liquid component or a habitat, but not as a
flow. That is why I call for a complete rethinking
about the problem of biomass production in
developing countries. Today's conceptual framework in agriculture and terrestrial ecosystems
does not work where the vegetation is waterlimited. lt is believed that yields can be increased
by about a factor of four simply by upgrading
technical input to agriculture. I disagree, because
that can only happen if there is enough water
available to quadruple the moisture flow through

H. T. - Speaking as the first Swedish
woman hydrologist, do you think you
approach problems in a different way
from your male colleagues?
M.F. -For the first 15 years or so of my
professional life, I had little alternative than to
behave like a man. From the time we started
discussing environmental issues at the beginning of the 1970s, it struck me more and more
forcibly that we seemed to be constantly
debating the same things. Was this because
we had never introduced the concepts needed
to define the problems properly? Later on,
I became more and more interested in differences in mental processes between males and
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females. Could it be that women have the
particular gift of being better able to integrate
diverse problems, to link individual difficulties
in an overall context? lt is well known that the
female brain has a higher capacity for simultaneous activities; we need this in order to be
able to rear our children. In that respect it is an
understandable physiological attribute, and
I think it is one that can be put to very good
use in science, especially the science of the
environment with so many disparate influences
at work. The Globe Tree project confirmed this
for me. I was lucky enough to inherit from my
father a systematic brain and a gift for teaching, and can translate conceptual linkages into
images, which is extremely useful. Having said
that, I would admit that most women may not
have quite the same ability as men to solve a
specific highly technical problem. But in
science our particular gift at integration
certainly entitles us to be treated on an equal
footing with men, even if our language is
slightly different from theirs.

H. T. - Looking back over your career,
can you cite one or two unforgettable
events from a personal point of view?

Malin Falkenmark was awarded a Ph.D. honoris causa
by Linktiping University in May 1975

resources in support of socio-economic
development. I feel it was a great pity that the
particular hydrological problems of the tropical
arid zones were not highlighted. Even today,
more attention is given to the humid tropics
than to the arid zones, although the leastdeveloped countries are mostly found in the
latter.

H. T. - What do you feel about WMO's role
in hydrology? Is there some way it might
be enhanced?

M.F. -One would be the occasion in 1975
when I was awarded a Ph.D. honoris causa by
Linkbping University. That was the result of my
early efforts at linking different factors, in this
case population growth and water shortage.
Six months later they asked for my help in
designing their research programme. The
other occasion was when I was elected Rapporteur-General of the United Nations Water
Conference at Mar del Plata in Argentina in
March 1977. When delegates had voted for a
Professor Dr M. Falkenmark, few knew who
that was. The astonished applause when they
saw a woman walking up to the presidential
dais was really unforgettable.

M.F. - I do think WMO could have given more
priority to supporting the poorest countries in
making preliminary assessments of water
resources from an intelligent use of the few
data already available. Instead, both WMO and
UNESCO have concentrated on the countries'
capabilities in water-resource assessment,
going all out to stimulate an expansion of
networks. lt will take a couple of decades at
least for these networks to produce reliable
data, so how are the countries supposed to do
any meaningful water-related planning in the
meantime? Moreover, in 20 years' time, their
populations are likely to have doubled.

H. T. - In retrospect, what do you consider
was achieved by the Mar del Plata conference?

H. T. - I see you were the winner of the
Swedish Centre Party's environmental
prize in 1988.

M.F. -From the point of view of hydrology,
the only important outcome was the recommendation on assessing water resources. But
then Mar del Plata was not a conference on
hydrology but rather a conference on how
mankind should manage the available water

M.F. -The prize was a very nice drawing by a
recognized artist. The Centre Party is only
small, and when they formed part of the
conservative government between 1976 and
1982 some ministers were interested in the
problem of natural resources and asked me to
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speak at a conference they had arranged. They
liked the way I presented the subject, and it led
to more lecturing engagements. Finally they
decided to give me the prize.

H. T. - What work are you engaged in at
present?
M.F. - I am concentrating on the issue of
development under conditions of water scarcity,
which is a topic still sadly overlooked. People
persist in thinking, like the Brundtland Commission in 1987, that water is everywhere and all we
have to do is keep it clean. I regard water as the
ultimate constraint. I have to retire from my chair
on 31 December of this year, but I have promised
myself to do everything possible to get my
message across to world leaders. There is some
progress: from the preparations for the United
Nations Conference on Environment and Development next year it seems that there is some
concern, UNEP has asked for a keynote presentation at Dublin*, the Pontifical Academy of the
Vatican has invited me to speak at a conference
in November on population and natural resources,
and the International Union for the Conservation of
Nature and Natural Resources has made me a
member of its Committee for Ecology.
H. T. - How do you view the prospect of
retirement?

H. T. - My final question: what is your
advice to a young person wishing to take
up hydrology as a profession?

M.F. - I don't feel I have the right to stop
because it is such an important issue and there
are only my colleagues at Linkoping and myself
who are pushing it. I honestly feel that if and
when I go, nobody could press on with exactly
the same hydrological perspective as mine and
we would lose a good 10 or 15 years. However,
the Natural Science Research Council says it
needs the money for something else.

H. T. - Would you please describe the
Natural Science Research Council and its

raison d'etre.
M.F. -The title in Swedish is Naturvetenskapliga forskningsradet and it is generally
known by its acronym NFR. lt is a government
agency responsible for the promotion, financing
and co-ordination of basic research in the natural

*

At the International Conference on Water and the
Environment (26-31 January 1992)

sciences. lt allocates research grants, initiates
research of particular interest, evaluates sponsored research projects, supports and initiates
international co-operation, promotes the publication of research results and disseminates
information about research. The Council itself
consists of 11 persons; the chairman and three
other members are appointed by the Government and the remaining seven are elected by the
research community. The secretariat comprises
a staff of about 35 people, of whom around 15
are professionals, and it is placed under the
direction of the secretary-general who is elected
by the Council. So the NFR occupies only a tiny
part of the Wenner-Gren Centre. As well as
grants to individuals or institutions for research
projects (more than 1 000 are awarded each
year), the Council can create personal professorships, subject to approval by the Government.
Provisions are also made for postgraduate
fellowships and visiting foreign scientists. There
are special exchange programmes with the
French Centre national de la recherche scientifique and the USA's National Science Foundation. The NFR participates in several European
and Nordic scientific programmes such as CERN
and the European Southern Observatory in Chile.
To give you an idea of the financial commitments
of the NFR, the 1991/1992 budget was 732
million Swedish krona (US $118 million).

M. F. - I think I will answer somewhat obliquely
by saying that anybody who is interested in
environmental issues must study hydrology
because of the fundamental role it plays in
governing the state of the environment and
engendering side-effects from numerous and
diverse human activities. So hydrology is therefore a very good choice, and it is most important to acquire a sound basis in theory together
with a broad scientific knowledge that includes
chemistry and biology.

H.T.- Professor Fa/kenmark, I congratulate you
on the forthright way you have answered my
questions. I hope that you will be able to continue
for many more years to champion the "new
phase" of hydrology.
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Mr Gordon D. Cartwright

Gordon D. Cartwright at SCAR Assembly, Bremen,
Germany in September 1991. Map behind is latest
composite of US satellite photographs showing tectonic
plate boundary around the Antarctic continent
Photo: University of Texas

There can be few meteorologists still active in
the profession today whose career spans more
than 60 years. That is a very good reason to
approach Mr Gordon Cartwright for an interview in the Bulletin. As he himself says, the vast
array of computer products now available
several times a day at meteorological stations
all over the world would have completely
bewildered a duty forecaster back in June
1929 when Cartwright entered the US Weather
Bureau's office at Pittsburg, Pennsylvania. The
norm was then two synoptic charts a day which
the forecaster himself plotted and analysed, his
conception constrained to two dimensions
since no upper-air data were available. Weather
forecasting was then a special art based
largely upon experience (recalling similar
synoptic situations in the past and how they
evolved), and a keen perception as to how
those situations had affected the weather in his
local area.
But there is another equally compelling
reason for featuring Mr Cartwright in this
journal, namely his close and amicable connection with WMO and its Secretariat for over a

quarter of a century. Indeed, Or Taba himself
can attest that Gordon's involvement in international meteorology certainly predates the time
he was assigned to Geneva: on graduating
from the University of Stockholm in 1959, Taba
received a friendly letter from the US Weather
Bureau in Washington giving information about
possible posts as meteorologist in WMO and
JCAO. The letter was signed by G. D. Cartwright.
lt is difficult to think of anyone, within WMO or
outside it, who has attracted such an immense
circle of friends and acquaintances within the
international community of meteorologists as
Gordon Cartwright.
A former colleague and special friend,
Mr Morton J. Rubin, now retired and Jiving in
Maryland, writes:
"Meteorology as a science and a profession
encompasses the globe. Its practitioners, as a
consequence, generally adopt global views,
world-wide associations and contacts. it is
evident that our common purposes have engendered mutual and international co-operation,
acceptance of new perspectives, organizational
ties and close personal friendships.
Having known Gordon for more than 35 years,
I have come to believe that he epitomizes that
element of internationality that is so strong a
factor in the successful burgeoning of our
science and profession. He is a good and
attentive listener, tactful, calm, congenial,
always helpful, never arbitrary, yet persistent in
his efforts to achieve a community of purpose
and amity. These attributes have created a
host of friends and admirers in every continent
and have been of considerable help to the
WMOSecretariat over the past 25 years.
Few of us have been involved in international
meteorological affairs for as long as Gordon
Cartwright. His initiation began in the late 1940s
when he was assigned to the staff of the newlyformed International Civil Aviation Organization
in Montreal. Then in 1956 he went for one year
to the Soviet Union's Antarctic base of Mirnyy as
the first USA/USSR exchange scientist. As the
American who took over from him the following
year, I was well placed to appreciate how
effective he had been in developing good
relations, making firm friends and exchanging
information. Clearly the metaphorical ice had
been broken, and these cordial relations and
helpful exchanges were maintained.
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Gordon's activities in Geneva during the past 25
years as liaison between the US Weather
Bureau and WMO have been highly beneficial to
both. I was employed at the WMO Secretariat
for more than six years, planning and carrying
out a number of experiments within the
WMO/ICSU Global Atmospheric Research
Programme. Those were exciting times, the
projects attracted scientific talent and effort
from far afield. In the many discussions Gordon
evinced broad scientific and technical perception and a lively curiosity. But his interests
ranged beyond science and technology, and he
was unfailingly helpful in obtaining data and
other information from his diverse sources
whenever asked for it. One extracurricular
activity particularly appreciated by his friends
and colleagues was meeting them at Geneva
airport.

H.T. -In the WMO Secretariat you are
almost universally known by your first
name, Gordon, and as an old friend I hope
it will not be taken amiss if I waive formalities and do likewise in this interview. So
may I invite you to go ahead with the story
of your family background and childhood.
G.D.C.- My father came to the USA from
Wolverhampton in the English midlands when he
was nine years old. My mother was born in the
state of Pennsylvania of Welsh parents who had
emigrated to America at the time of the United
States Centennial in 1876. I was born on 14
August 1909, the middle of seven children, five
boys and two girls. We lived in the west of the
state of Pennsylvania at the industrial town of
New Castle, named after the English city of
Newcastle-upon-Tyne. At that time, New Castle
had the world's largest tin plate centre, and that
was where my father worked.
I was sent to a very good primary school
run by a strict disciplinarian, and being keen on
reading and of a studious inclination I enjoyed
school and always looked forward to the beginning of a new semester. Mother and Father both
wanted their children to be scholars.
I was lucky to have some outstandingly
good teachers. Science had always been one
of my favourite subjects, and Dr C. E. Baer did
a lot to sharpen my interest in physics. Less
fortunate was the serious illness I developed
that badly affected my eyesight. I could not
read from the blackboard even when sitting in
the front row, and had to drop out of school for
a time. However, in due course my vision
improved with glasses and I was able to
continue without losing my grade standing.
I graduated from high school in June 1926.

Indeed, on top of his official duties Gordon has
always served as a social focus for the numerous meteorologists who converged on the WMO
headquarters in Geneva for short- or long-term
assignments. His gracious and generous
welcome to every new colleague is his hallmark.
Many have had the pleasure of accompanying
him and other like-minded friends on hikes in the
Alps and cross-country ski trips, and early
morning al fresco breakfasts of 'basted eggs'
over a small fire above the ski trail will long be
remembered. Gordon is also a railroad enthusiast and his knowledge of the excellent Swiss
system is encyclopaedic. Along with that, I am
sure his love of the Swiss countryside is now as
profound as that of the indigenous population.
Another of Gordon's passions is opera. lt goes
back many years, but has been kindled by the
proximity of many wonderful performances in
Switzerland and Italy. His annual pilgrimage to
Verona is legendary.
In short, it is most appropriate for Gordon to
have been included among the personalities
interviewed in the WMO Bulletin. He has made
considerable contributions to international
meteorological programmes and to the
advancement of WMO activities, and I am
especially pleased to have this chance to share
my sentiments about such a good and true
friend."

H. T. -Where did you go for higher education and what subjects did you choose?

Our thanks go to Mr Rubin for this introduction.
After an uneventful journey of some 500
metres, Or Taba arrived at Gordon Cartwright's
apartment in Geneva to conduct the interview
on 5 July 1991. He met with the customary
cordial welcome. Mr Cartwright's innate modesty had initially made him rather reluctant to
be interviewed, but once persuaded he went far
out of his way to collaborate and we are most
grateful to him.

G.D.C. -In America we were already well into
the downturn that led to the Great Depression
and, much as my parents would have liked me
to go to university, it was simply not possible.
So for the next few years I took on a variety of
jobs in New Castle-in factories, in construction work, and sometimes helping my elder
brother who had a small business. lt was all
good training, and most effective in bodybuilding. In the three years after leaving high
school my weight increased from 90 to 145 lb
(from 41 to 66 kg).
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H. T. -What were the circumstances that
led you into meteorology?
G.O.C. -Always on the lookout for a better
job, I saw notices in the local post office one
day about open examinations for appointment
as airway beacon maintenance assistant or as
junior meteorological observer. I applied for
both. Luckily for me, the Weather Bureau
application forms came through first. I passed
the examination and soon after had a letter
instructing me to report to the Weather
Bureau's Pittsburgh office on 1 June 1929. That
was an exciting day! Pittsburgh was all of 50
miles (80 km) away, and with its far more
extensive steelworks would surely offer much
more than my home town. The man in charge of
the weather office was Mr William S. Brotzman,
and he gave me a friendly welcome.
Road transport was then still only in its
infancy; I used the railroad for my daily commuting between New Castle and Pittsburgh, a
round trip of 100 miles (160 km).

H. T. - I am sure readers would be most
interested in your recollections of the work
of a Weather Bureau office in 1929.
G.O. C. - In those days there were about 100
stations, and no upper-air observations except
at a few research centres. The total Weather
Bureau staff was of the order of 1 000, and its
annual budget a little over three million dollars.
We received weather observation messages in
Morse code through the Western Union Telegraph network. They were in word form
because a digit cost the same to transmit as a
full word. Each office had its radio operator to
take down these messages. Incidentally, the
Western Union's telegraph lines all converged
on its centre at Chicago, where girls on rollerskates carried messages received to the
appropriate operators for onward transmission.
lt was not considered necessary for all
stations to get all the observations. At Pittsburgh I believe we plotted about 60 stations
spread over the USA, and this chart was the
basis for making our daily weather forecast.
But we were also expected to forecast
changes in river levels which was of great
importance to Pittsburgh, situated as it is at the
triple confluence of the Allegheny, Monongahela
and Ohio Rivers. These waterways were intensively used for the transport of people and
goods. Mr Brotzman had earned himself quite a

reputation for being able to predict river
stages, especially when they were rising
towards flood level.
You know, anyone who has not experienced smog at its worst or the recent oil-well
fires in Kuwait can have no idea of the degree
of air pollution at Pittsburgh in 1929. The
weather offices were located in a 25-story
building, and I remember once having to take
sky radiation measurements for a full day on
the roof. Overhead the sky was clear and blue,
but I could never see down to the street below
because of the smog that flowed like a river
across the city.

H. T. - Aside from the radiation measurements you have just mentioned, were the
weather observations you made used by
aircraft pilots?
G.D.C. -Indeed, I had been assigned to
Pittsburgh for the purpose of aviation, but since
there was no proper airport I had to make my
observations at the city office. When the civil
airport was built I was transferred out there. We
did three-hourly observations, but the daily
synoptic chart was based on observations at
8 a. m. There were few scheduled passenger
flights in those days, but the airmail service
between Pittsburgh and Cleveland (Ohio) was
important. After three years at Pittsburgh I was
transferred to the forecast office at Cleveland
airport.

H. T. -Was the programme the same as at
Pittsburgh?
G.D.C. -At Cleveland I was introduced to the
ways by which measurements in the upper air
were currently being made. This was by pilot
balloon observations and a daily flight by a light
aircraft on contract to the Weather Bureau.
Weather permitting, this airplane took off no
later than 6.30 a.m. and carried a small aerograph recording pressure, temperature and
humidity up to a height of 16 000 feet
(4 880 m). There were then only six or eight
stations iri the whole of the USA that did these
aircraft soundings, but by the end of the 1930s
the number had risen to about 30.
H. T. - I think you said that Cleveland was
also a centre for aeronautical weather
forecasts?
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G.D.C. -it was one of the major aviation
forecast centres in the eastern USA, which made
it a particularly interesting assignment for me.
Observations were received via various circuits
in the form of teletype tapes. lt was a big
improvement when page printers were installed.
Another technological development of that time
was the transmission of weather maps by
teletype, because of course there was no
facsimile in those days.
Commander F.W. Reichelderfer, then head
of the US Naval Aerological Service (he became
Chief of the US Weather Bureau only in 1938),
had been sent by the Navy to learn at first hand
about the new frontal analysis techniques then
being applied by the 'Bergen school' and other
European weather centres. Once back in the
USA, Reichelderfer vigorously fostered the
adoption of these techniques in his service, and
they soon spread to the Weather Bureau. For
the purpose of transmission a basic map
suitable for the teletype machines was
designed and printed and supplies sent to all
stations. The duty forecaster at the main
forecast centre depicted the current synoptic
situation (isobars and fronts) on one of these
charts and fed it into the communications
printer from which the data were copied to a
teletype tape for transmission. All the receiving
stations placed one of the blank maps in their
printer and stood by for the bell to ring signalling the beginning of the transmission. Three
or four minutes later they would have their copy
of the weather map.
The Cleveland aviation forecast area was
sandwiched between that of Kansas City to the
west and Newark (New Jersey) to the east, and
the analyses of the three centres did not always
coincide. it was decided to exchange analyses
prior to dissemination, but eventually a central
analysis unit was created at Washington, DC.

H. T. -Did you become a forecaster
yourself while you were at Cleveland?
G.D.C. -No. My function was still the observing side, notably as concerned the upper-air
soundings by aircraft (APOBS). The Army Air
Corps as it was known in those days agreed to
co-operate in extending the network of these
valuable observations, and in 1936 it was
decided that in view of my experience I should
be transferred to Barksdale Field at Shreveport
(Louisiana) where APOBS were to be started.

Shreveport was a gracious southern city on the
Red River and I greatly enjoyed my stay there.
I was also fascinated by the squadrons of
fighters and bombers based at the airfield and
the procedures used in making weather forecasts for their manceuvres. Air Corps pilots
were just being introduced to instrumental flying
techniques.
The morning meteorological reconnaissance ascent was flown by a different pilot
each day, and one of my jobs was to brief them
on what was needed. Some were quite good at
maintaining a steady rate of climb, others not
so good. One pilot failed to watch his altimeter
properly and reached the ceiling of his aircraft-22 000 feet (6 700 m)- without
realizing it and without taking oxygen. He had a
blackout and only came round when his aircraft
had descended completely out of control to
2 000 feet (600 m). He managed to land safely
in a field and had succeeded in making the
highest sounding reached during my stay at
Barksdale!

H. T. -Were you ever sent away on a
forecasting course?
G.D.C. -No. After a year at Barksdale I was
transferred to the aviation forecast centre at
Dallas, Texas. I was considered to have had a
pretty good apprenticeship in my previous
assignments. Now I was expected to learn the
art of forecasting on the job, picking the brains
of my more experienced colleagues and
reading all the available literature. In fact it was
a fairly gradual transition from the observing to
the forecasting side. There simply were not
enough data to draw regular upper-air charts,
and one had to rely a lot on experience.
Texas is noted for its severe storms which
can last for many hours. That was one challenge. Another was posed by the strong summer airflow bringing in moist air from the Gulf
of Mexico. On clear nights an extensive area of
low cloud could form very rapidly over the air
route from Brownsville to Dallas, and predicting
it was one of our trickiest tasks. Apparently the
problem has still not been solved because the
University of Texas now has a special research
project on it. This was a period of intensive
work for me because I was studying to enhance
my academic qualifications, working regular
night duties in order to be able to attend
classes during the day.
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H. T. - Surely by now we must be getting
near the outbreak of the Second World War?
G.D. C. -lt was in 1939 that I was transferred
once again, although not because of the war.
I was sent to the new airport-La Guardia-that
had just been built on the shore of the East
River to serve New York City. There was now a
regular transatlantic air service by flying boat
that used the marine terminal, and I was very
pleased when after a few months at La Guardia
I was put on to forecasting for these flights.
The need for observations from the ocean
became critical, especially with all the additional
military traffic, and the North Atlantic weather
ship network came into being just before the
war in Europe began.
The Pan-American Boeing 314 flying boats
usually would take off early in the morning to fly
to Lisbon via Bermuda and Lagens in the
Azores or to Foynes (Ireland) via Botwood
(Newfoundland) and Lagens. The passengers
would be called in their New York hotels and
asked to be at the marine terminal by 4.30 or
5 a.m., their baggage would be lined up ready
for loading, but all this was done before the
weather forecast was available, so that sometimes the captain had to cancel the flight if
conditions were not acceptable. Quite frequently, the state of the sea made it unfit for
take-off or landing at Lagens, and wave forecasts were critical. There were cases of aircraft
being held up in the Azores for as long as two
weeks, the airline having to pay the hotel bills of
both passengers and crew.

H. T. - You are one of the dwindling number of meteorologists still alive who played
a part in pioneering transatlantic aviation.
In their interviews, Sir Arthur Daviesl,
Or McTaggart-Cowan2 and Or Reichelderfer3 all spoke enthusiastically of their
experiences.
G.O.C. -The forecasting procedures for these
North Atlantic routes had been devised in
concert by Canada, Ireland, the United Kingdom
and the USA. I remember the Director and chief
forecaster of the Irish Meteorological Service,
respectively Austin Nagle and Hubert Lamb,
1 WMO Bulletin 40 (1), 5-24
2 WMO Bulletin 33 (1 ), 5-17
3 WMOBulletin31(3), 171-196
4 Interviewed in WMO Bulletin 39 (2), 81-89

coming over to New York to review the procedures embodied in the Transatlantic Air Safety
Service Organization (TASSO), which in turn
were used as the basis for some of the procedures later adopted by ICAO.

H. T. -When you moved from Dallas to
New York, were you able to continue
studying in your spare time?
G.O.C. -Yes, and my efforts paid off because
I was awarded a scholarship in meteorology at
New York University. The head of the department was Professor Athelstan Spilhaus, a wellknown meteorologist and oceanographer who
liked to recall that the first class he taught
consisted of students all older than he was.
I was considerably older than most of the
students, and it was a pleasure to work with
such bright and gifted young men as George
Cressman who later became Chief of the
National Weather Service.
The growing number of long-distance flights
and the need for longer-range forecasts pointed
to the need to know more about the large-scale
atmospheric flow patterns. New York University
agreed to support a project to analyse northern
hemisphere charts retrospectively over a
number of years, and I was put on this job under
the famous Professor Jurgen Holmboe. He was
the most critical analyst I have ever worked with,
and it was a fine experience.
Soon after the USA entered the Second
World War in December 1941, I was posted to
Washington, DC and placed in the office of the
Deputy Chief of the Weather Bureau, Mr D. N.
Little, to help in connection with operations
planning. What was required first was a description of the characteristic weather along an air
route across Canada to Alaska for the purpose
of ferrying military aircraft to the Soviet Union.
I went to Canada several times to assist in
planning and developing observing facilities
along the route.
My next assignment was one of the most
interesting of my career. I was put in charge of
all the special forecast services in the Weather
Bureau's Synoptic Reports and Forecasts
Division. Looking back, I find it remarkable that
hurricane forecasts, fire weather forecasts, river
and flood forecasts and frost forecasts for fruit
growers were all managed from one small
office. Max Kohler4 was on my staff in the river
and flood forecasting branch.
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Answering phone calls at the US Weather Bureau during
the passage of a major hurricane near Washington, DC in
September 1944, under the supervision of I. R. Tannehill,
Chief of Forecast Division.

H. T. -What was your connection with ICAO?
G.D.C. -In 1944 an international conference
was held in Chicago which laid the foundations
of what became the International Civil Aviation
Organization. In 1946 the USA's member on the
ICAO Council suggested to Dr Reichelderfer
that he assign someone to the new meteorological division of the ICAO Secretariat, and
I was nominated. Within three months I had
moved to Montreal. it was a marvellous experience because everything was new and we
could give free rein to initiative. My boss at the
beginning was Dr Patrick McTaggart-Cowan
who was Assistant Secretary-General for
Ground Operations. He required at least two
secretaries: one to start at 8 o'clock in the
morning and another to start at about four in
the afternoon and continue until he was ready
to go home! Developing international air routes
was a fascinating technological and administrative task in ICAO and it involved a great deal of
travelling to attend regional air navigation and
other conferences, including some of the
International Meteorological Organization: I was
present at the session of the Regional Commission for Asia at New Delhi in 1948 that was
opened by India's first Prime Minister, 'Pandit'
Nehru.

H. T. -Were you on secondment to ICAO
or were you a permanent staff member?
G.D.C. - I was not on permanent contract
with ICAO, and in 1952 Dr Reichelderfer told
the Council members that it was time for me

to come back to the Weather Bureau. In
September of that year I was on my way to
Honolulu, Hawaii, to take charge of meteorological services in the Pacific area. Wake
Island was an important staging post between
Hawaii and Japan or the Philippines, and we
had a large staff there. When I went into the
weather office during my stop at Los Angeles,
they told me that a major typhoon called Olive
was heading for Wake Island. I took a plane
that afternoon, and was welcomed at Honolulu
by the administrative assistant who suggested
I meet him at six o'clock the next morning to
greet the staff evacuated from Wake Island.
Olive did indeed ravage the island but fortunately there was no loss of life. A young
observer by the name of Dick Hagemeyer who
came on that flight from Wake is now the
supervising director at Honolulu, the job I was
just taking over 39 years ago.
The post opened up new vistas for me.
One of my more interesting jobs was to see to
the reconstruction and refurbishing of weather
stations among the 50 000 islands scattered
over an area the size of the USA, the responsibility for which had been assigned to the USA
by the UN Trusteeship Council, the Pacific
Island Trust Territory as it was called.
Unfortunately my stay in this island paradise was only to last two years, half of which
was spent in travel. One day I received a letter
from the Deputy Chief of the Weather Bureau
offering me the post of director of the observations and station facilities division. I wrote back
saying I did not feel qualified for the job, but he
called me to say that he had torn up my letter
and strongly advised me to write another of
acceptance. I complied, and by the spring of
1954 found myself back in Washington.
it was a considerable boost to my career.
Radiosondes had by now come into general
use, but they were still subject to perfection
and operational standards needed improving.
Dr Helmut Landsberg5 was director of the
climate division, and he and I co-operated in
various projects to enhance the quality of
observations so that they could be used with
greater confidence in detecting climatic trends.

H. T. - No doubt this was with the prospect
of the International Geophysical Year in
mind?
5
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G.D.C. -Yes. Dr Harry Wexler, the Weather
Bureau's chief scientist, went to a meeting in
Paris in the summer of 1956 to co-ordinate
observing programmes for the IGY in the
Antarctic. On his return he told me all about it
and concluded with a startling proposition: "We
would like you to go to the Russian Antarctic
base as US liaison scientist".
My objections that I had never learnt
Russian and knew nothing about the Antarctic
were brushed aside. I began a crash course in
Russian in September and before the end of the
year was on my way to Cape Town in South
Africa to join the supply ship Kooperatsiya
sailing down to Mirnyy, the Soviet base established the previous year on the Antarctic coast
at 66°37'S 93°E. lt was to serve as the USSR's
centre of operations for the IGY.

H. T. - This must have been one of the
greatest experiences of your life. Please
tell readers about it.
G. D. C. -lt was truly memorable. The Kooperatsiya docked in Cape Town for only a few
hours and we sailed on a beautiful evening after
heavy rain. I shared a cabin with an engineer
called Kunyin who spoke exceptionally good
English, and he was very helpful to me all the
way south. I soon became accustomed to the
Russian food, but needed a longer period of
acclimatization to the spate of vodka.
As we entered the Roaring Forties many of
the passengers fell sick, but thanks to my
special tablets I was at table every day. In the
Furious Fifties I estimated the height of the
waves to be between 40 and 60 feet (12 and
18 m) and it rained frequently. lt was reassuring
to see the huge albatrosses gliding over those
wild seas.
After about 12 days we reached the pack
ice and totally different conditions: a calm sea
and light snow from an overcast sky. Everyone
was now on deck straining their eyes to be the
first to see the Antarctic continent as we
threaded our way between the ice-floes. We
arrived at Mirnyy on 10 January 195 7 to find
the oceanographic research vessel 'Ob already
there. lt was an occasion for a series of celebrations and I experienced my first real Russian
party. I had hardly recovered when I was
summoned to have dinner with Captain Mann of
the 'Ob who spoke very good English. Among
the other guests were Mikhail Somov, a

respected polar explorer and scientist after
whom a new research ship has recently been
named6, and Alexei Troshnikov, leader of the
Soviet contingent at Mirnyy for the coming year.
lt was most convivial, to say the least. I managed to find my way back to my ship, and even
jump a metre-wide channel of open water. Being
the only American among 180 Russians on the
base I was an object of curiosity and expected
to attend every birthday party ! The 'Ob left on
an oceanographic survey westwards along the
coast on 15 January.
After a week of feverish unloading of
stores, aircraft, tractors, prefabricated buildings and so forth, a motorized sledge came
alongside Kooperatsiya to take me and my
luggage to the base, about three kilometres
away. I was quite sorry to leave my comfortable
and tidy cabin. When my belongings had been
stuffed into boxes, duffle bags and suitcases,
there remained my hat. What the hell to do with
it? The only place it could go was on my head.
So I entered base at Mirnyy elegantly-if
unsuitably-covered.

Gorclon Cartwright in front of the USSR transport ship
Kooperatsiya which took him from from Cape Town to
the Soviet Antarctic base of Mirnyy in January 1957

An expedition was to go from Mirnyy to set
up a new station at Polyus Nedostupnosti, the
'Pole of Inaccessibility', more than 2 000 km
away across the ice-cap and at a height of
some 3 720 m. The summer was well
advanced and I vividly remember the day of
departure when Troshnikov climbed up on one
of the 22 tractor-drawn sledges and gave an
6

169

See article in WMO Bulletin 36 (3), 171-174

inspiring address to the assembled crowd,
those leaving on the journey and those staying
at base. We watched the long line of vehicles
climb the steep slope on to the ice-cap and
disappear towards the south. Naturally there
were daily radio schedules and we followed
their progress with tremendous interest. Things
went well to begin with, but on the plateau
where the winds are much lighter than at the
coast, the snow cover is not compacted and
they found their machines sinking deeper and
deeper, pushing a huge pile of snow in front of
them. lt became obvious that they would not be
able to reach their destination at 82°S, and so
on 18 March they set up an intermediate base
864 km from Mirnyy called Vostok-1 at 72°S.
With wider tracks fitted to the vehicles the
following year, they were able to complete the
journey.

H. T. -What did you do at Mirnyy through
the polar winter apart from improve your
Russian?
G.O.C. - I worked with the meteorological group
doing surface analyses. With the 65 or more
stations that had been set up for the IGY we had
quite good data coverage around the coast of
the continent, but very few reports from the
Southern Ocean. Although there were quite a lot
of whaling vessels about, they were not disposed
to reveal their positions. I forgot to say that a
Russian exchange meteorologist, L. Rastorguyev,
was working at the USA's base of Little America.
We had frequent discussions by radio.
lt was my first experience of synoptic
analysis in the southern hemisphere and I soon
found some rather significant differences. For
one thing, the reduction of pressure to sea-level
over the Antarctic ice-cap was not very meaningful. The analyses therefore mostly depicted
storms passing around the perimeter of the
continent, with high pressure lying over the
plateau. The Russians were very keen on upperair observations and made four soundings a day
throughout the IGY. Strong winds often made the
release of a second balloon necessary.
One of my most exciting experiences was
a journey to the neighbouring Soviet base of
Oazis, about 360 km to the east. lt gets its
name from the fact that it is one of those areas
almost entirely free of snow as the frequent
violent katabatic winds carry it away and
evaporate it. I was invited to go with a glacio-

logical expedition which was to measure the
flow of a large glacier. We flew in a Russian
counterpart of the DC-2 aircraft heavily loaded
with their gear and a large gravimeter and
spent a week at Oazis. The chief glaciologist,
Dr P.A. Shumski, took me with a small group
up on the ice-cap which tends to have a convex
slope that gets steeper as you approach the
outer limit. The 'plane landed on the ice, but
when the engines were switched off it started
sliding downhill! The pilot calmly took off
again, landing a bit higher up. The same thing
happened. Finally he found a slight hollow
where the aircraft remained at rest and everyone got out with their gear. We were about
10 miles (16 km) from the base at Oazis, and
Dr Shumski and I were to go back on foot. The
others set about planting their long bamboo
poles with flags in the glacier ice and taking
measurements. As I said, the slope gets
steeper and steeper as one approaches the
coast; we were both wearing crampons but
whereas Shumski was perfectly at ease in
these conditions, taking samples regularly from
the exposed ice face, I was totally inexperienced. He gave me an ice-axe and showed me
how to stop a slide, promising to come and
rescue me in such an event. From the foot of
the ice-cliff it was a relatively easy walk back
along a frozen stream.
One of our favourite diversions during
the long winter months was to visit the
emperor penguin rookery. These extraordinary
birds choose the winter season to lay their
eggs, resting them on their feet and keeping
them warm in a pouch of down-both males
and females incubate. The birds form a circular
huddle, and seem to take turns in exposing
their backs to the bitter weather. lt is a remarkable phenomenon.

H. T. -How did you return to civilization?
G.D.C. -Like the others I was to be taken
back by the Soviet ships that brought in the
following year's stores and personnel. The
Lena, sister ship of the 'Ob, reached the area in
October 195 7 but, because of the thickness of
the ice, could not get in to the base. I knew my
good friend Morton Rubin would be on board,
coming to replace me on Mirnyy for the next
year. I was anxious to go and meet him, and so
flew out with a group of people in the helicopter
to where the Lena had moored herself to the

170

ice. The captain came over to greet us and
escort us aboard where, believe it or not, a
celebration was being prepared. Even now I still
could not match my hosts when it came to
consuming liquor. I was obliged to spend the
rest of the night on board, but it gave me the
chance to explain to Morton about life and
procedures on a Soviet base. The leader of the
new expedition was Dr Ye. I. Tolstikov who later
became well known in WMO circles.
For a few weeks Morton and I were
together on base, and then the day came when
the homeward bound personnel bade farewell to
the wintering party and embarked on the
Kooperatsiya for the journey north. We had
expected to return by Cape Town but the
captain heard that there was a cargo of grain to
be picked up from Australia and so course was
set for Adelaide. I remember that it was the
smell of a grassfire on Kangaroo Island that first
made me realize I was no longer in the Antarctic. With considerable regret I took my leave of
my Russian friends at Adelaide, got on a train
for Melbourne and flew home from there.
The cold war was at its height and, back in
Washington, I was closely questioned about
what was going on at Mirnyy. Everyone was
very interested in my experiences.

H. T. - Did you return to the same job in
the Weather Bureau?
G.D.C. -No. This time I was appointed head
of the International Affairs Office, a domain that
I liked and in which I now had considerable
experience. lt meant attending an unusually
large number of international conferences-of
WMO and regional air navigation meetings of
ICAO in particular.

H. T. - Unless I am mistaken, we are now
in the year 1958?
G.D.C. -That was the year I came back from
the Antarctic, yes. As you know, the IGY had
acted as a great stimulus to the atmospheric
sciences, leading to the first Earth-orbiting
satellites. My close friend David John son had
been named head of the USA's meteorological
satellite programme, and after the successful
launch of TiROs-1 in April 1960, President John
Kennedy made his speech to the UN General
Assembly which largely inspired the adoption of
those famous resolutions that spawned the World

Moscow, August 1958- Final meeting of the ICSU Special Committee for the IGY. At the entrance to the USSR
Hydrometeorological Service are (from left to right):
Oliver Ashford, WMO; W. Bleeker, Director, Netherlands Meteorological Service; Harry Wexler, US Chief
Scientist, IGY; Gordon Cartwright, US delegation; D. A.
Davies, Secretary-General, WMO; and S. Fritz, Senior
Scientist, US Weather Bureau

Weather Watch and the Global Atmospheric
Research Programme. Actually, the question of
research into atmospheric processes had given
rise to much discussion and controversy in the
USA. The academic scientific community was not
sure that WMO could take on a responsibility of
this type. In fact the president of the American
Meteorological Society sent a telegram to
Dr Reichelderfer, urging that research be given to
another organization, perhaps UNESCO. Fortunately Reichelderfer, a past President of WMO,
stood his ground. His confidence was fully
vindicated.
After 25 years as Chief of the Weather
Bureau, Francis Reichelderfer retired in 1963, to
be succeeded by Dr Robert White7. Bob White
saw the need for considerable restructuring to
meet the new challenges, and was fully supported
by the Under-Secretary of Commerce, Dr Herbert
Hollomon, and the Assistant Secretary of State
for International Affairs, Mr Harlan Cleveland.
One tangible early contribution to world-wide
meteorological collaboration was the automatic
picture transmission (APT) facility put on meteorological satellites. They continuously transmit
image data which any station with relatively
simple receiving equipment can read out when
the spacecraft is passing over, and so have
pictures of the cloud cover over a large surrounding region. Kits for building the receivers were
soon available, permitting not only Meteorological
Services but also institutes and even individuals
to have the images. Actually, the first country to
7
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purchase a receiving system was France; the
then Director of La Meteorologie nationale, Andre
Viaut, was particularly interested in the study of
cloud patterns, and this was just the thing he had
been waiting for. Switzerland also installed one
near Geneva airport, and the US delegate to
ECOSOC, Ambassador Goldberg, was so taken
by it that he invited all the members of the
Council to visit the site. Each day after that I took
copies of the pictures to the ECOSOC session.

H. T. -These APT read-out units were in
great demand by developing countries
through WMO's Voluntary Co-operation
Programme and other forms of technical
assistance.
G.O.C.- Yes. I remember an informal discussion in the foyer of Salle I, now the Sir Arthur
Davies Hall, between BcJb White and Academician Fedorov, Permanent Representative of the
Soviet Union. Fedorov suggested that since the
USSR and the USA were the only countries with
meteorological satellites, large computers and
trained staff, the obvious basis for the World
Weather Watch would be for the eastern hemisphere to be served by a centre at Moscow and
the western hemisphere by one at Washington.
With no hesitation White replied that he wanted
rather a global system with everyone participating more or less on the same footing.
During discussions on the Global Atmospheric Research Programme, it was Dr Tom
Malo ne, one of the prime movers of GARP in
the USA, who put forward the name of Professor Rolando Garda of Argentina as leader. His
outstanding ability and independence of view
won him the support of both governments and
academic institutionss. The Joint WMO/ICSU
Organizing Committee for GARP (and subsequently for the World Climate Programme) has
enjoyed remarkable success. In my view, that is
largely because each member could count on
obtaining the resources needed; the timeconsuming procedure of submitting proposals
for approval by government financial authorities
was avoided.

H. T. - How was it that you came to live in
Geneva?
G. D. C.- The international activities I have just
mentioned were gathering in intensity, and Bob
8
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White wanted to follow progress on a day-to-day
basis. He figured it would be useful to have a
personal representative in Geneva with whom
he could be in frequent contact by telephone.
One day he called me to his office and
broached the subject. He recalls that I was
reluctant to do this. I was comfortably installed
in Washington with an interesting job, competent staff and a fair amount of travel. But you
know how persuasive he is! On 5 July 1965,
I moved to Geneva, having been assigned to
the US Mission as a foreign service officer in
reserve status.
The chief of the Mission at that time was
Ambassador Roger Tubby. He had not previously had anyone with much of a technical
background so I found myself called on to
accompany delegations in fields far broader
than originally envisaged. I was involved in talks
on disarmament in the context of weather
modification, at WHO on diseases associated
with environmental pollution, in UNESCO's
Intergovernmental Oceanographic Commission,
in the European Centre for Nuclear Research, in
the International Union for the Conservation of
Nature, in hydrology and in the work of the UN
Economic Commission for Europe concerning
long-range transport of air pollution and the
effects of offshore drilling operations.
I was able to compare the way conferences were run in WMO and in the UN agencies. In WMO meetings there is a real debate
because delegates know the subject they are
talking about, whereas in other meetings
delegates often just read out prepared statements on their governments' position and leave
the Secretariat to prepare a report. As long as
representation at WMO policy conferences is
based on the heads of Meteorological Services,
the Organization may be able to avoid the
constraints and diversions that often arise from
the introduction of political issues into its
primarily technical objectives.

H. T. - I am sure that readers of the Bulletin will share that wish. After 25 years on
the international circuit in Geneva, I am
sure you will have found that agreement
on difficult topics is usually reached during
coffee breaks and at receptions.
G.D. C. -Absolutely. The USA for one certainly
recognizes the value of contacts in a less
formal atmosphere than in the conference room
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and we have a fairly generous budgetary
allocation for receptions. Here, the skill of the
chairman in finding an informal compromise is
often the key to agreement in plenary

H. T. - Next year will see the UN Conference on Environment and Development. lt
will be 20 years since the first conference
in Stockholm that gave birth to UNEP. Are
we any nearer to coming to terms with the
natural environment?
G. D. C. -lt speaks volumes for the reputation
and staying power of Maurice Strong that he
organized the conference in 1972 and was
called upon to do the same for the Brazil
conference in 1992. Twenty years ago we did
not link so overtly the process of economic
development with environmental protection, but
the intervening two decades have begotten the
catchphrase 'sustainable development'. I think
the preparations for the 1972 conference were
excellent. Peter Thatcher, an officer in the
United States foreign service, did a very good
job and later became the Deputy Director of
UNEP. He had a lot of experience in international
programmes and recognized where political
dictates would require some compromise.
I mentioned earlier the horrific pollution at
Pittsburgh in 1929. lt was that which first made
me aware of how mankind was ravaging the
environment. Today, the environment is a
martyr to development almost everywhere.
Even here in Switzerland we find tourism taking
its toll with the frenzied construction of ever
more hotels, roads, cable-cars and recreational

facilities. The fleet of civil airliners is continuously being expanded to carry the increasing
numbers of holidaymakers. But if it had not
been for the 1972 UN conference and UNEP,
things would have been catastrophic by now.
I hope and believe that the 1992 conference
will be equally salutary in getting all governments to work together at this eleventh hour to
save planet Earth.

H. T. -You came to Geneva in 1965 when
WWW and GARP were both only seedlings,
metaphorically speaking, so you were
able to watch them come into flower.
Have they borne the fruit that was
expected of them?
G.D.C.- My simple answer to that is "yes".
I must pay tribute to the foresight, evenhandedness and diplomacy of the late Sir Arthur
Davies as WMO Secretary-General during that
critical period. In GARP it was the first time
ICSU and a governmental organization had
been called upon to collaborate both with one
another and internationally, and inevitably there
were certain points of discord that arose from
their different procedural habits. The way he
reconciled those differences was worthy of the
highest praise. Just demonstrating that internationally planned and executed large-scale
research projects work was in itself a superb
achievement. The original architects of the
WMO had never foreseen such involvement and
I know Sir Arthur was not sure how far the
Organization should go. He often had long
discussions with Bob White about it.

An informal meeting in Geneva during GARP. From leji to right: R.M. White, Warren Wooster, Stan Ruttenberg, Jule
Chamey, Gordon Cartwright and Dave Rodenhuis
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As for the WWW, I think you only have to
compare the weather forecast products today
with those of 25 years ago to be convinced of
its efficacy. Since WMO's technical commissions meet only once every four years, some
mechanism to accelerate decision-making
regarding WWW and GARP had be to found,
and the solution was informal planning meetings. This way the Secretary-General was able
to call experts on a specific question who
developed proposals for endorsement by the
Executive Council on behalf of the Member
countries.

H. T. -Would you say that the success
story of GARP is being repeated in the
World Climate Research Programme?
G.D.C. - I would. The task is even more
daunting than GARP because of the numerous
interdisciplinary elements and the fact that the ·
project cannot yet be circumscribed in scope
or duration as were the GARP experiments,
there are still too many scientifically unlit
areas. lt is very difficult to obtain funding
commitments for such a long-term programme. I remember Jim Bruce of Canada
saying that the coming decade in meteorology
would be devoted more to the chemistry than
to the dynamics of the atmosphere, and he is
now being proved right.
Once government ministers grasped the
full significance of current scientific theories
about climatic change and the stratospheric
ozone layer enunciated by WMO, they realized that informed discussion was needed at
political level, hence the Intergovernmental
Panel on Climate Change set up jointly with
UNEP which has been an outstanding example of constructive dialogue between the
political and scientific communities. As you
know, a framework convention on climate
change is now being drafted. Where it will
lead is hard to say.
Again, it was only when serious study of
the climate system began that scientists came
to appreciate the real extent of its complex
interactive components. The most obvious
case in point are the oceans, and for some
time now voices have been raised for a closer
integration of meteorology and oceanography.
Oceans constitute 70 per cent of the surface
of the planet, and meteorologists have long
clamoured for more observational data from

these regions. Oceanographers, on the other
hand, did not have the same global interest
and tended to work on individual problems.
Nevertheless, a number of years ago oceanographers came to feel there was a need for an
international body within the UN family for their
science. The governments did not wish to see
yet another organization created, and compromized by setting up the Intergovernmental
Oceanographic Commission that functions
under the aegis of UNESCO.

H. T. - I suppose much the same goes for
hydrology?
G.D.C. -There has been a greater demand
for practical applications of hydrology so that
observation networks and modelling have
benefited, but there again it has mostly been
on a local or regional scale. I remember
discussing hydrology in the context of GARP
with Bob White, and at the time he did not see
a very active role for it in the experiments. But
nowadays when we are taking a global view of
things we are coming to realize that the global
water budget has important implications for
science and societies.
You know, while he was Secretary-General
of WMO, Sir Arthur Davies pondered a great
deal over the question of interdisciplinary
collaboration and even got as far as roughing
out some terms of reference for a hypothetical
World Geophysical Organization. Perhaps it will
be the climate change issue that forces interdisciplinary integration upon us.

H. T. -You do not think that WMO in its
present form is capable of handling the
World Climate Programme?
G.D.C. - I did not say that. Looking back over
the 40-plus years that the WMO has existed,
I find it remarkable that the structure of the
Organization is much the same as in 1951.
Just consider how the problems facing Member countries, and particularly their national
Meteorological Services, have changed in the
meantime. In the 1960s a working group was
set up by the Executive Committee to recommend changes in the structure and functioning
of WMO, and, although some quite good ideas
were forthcoming, no fundamental modifications have so far been deemed essential. After
all, the principle governing WMO's structure
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has always been that all Meteorological Services should have their say in determining the
way its programmes go. I think it is a very
sound principle.
As you know, some years ago the way the
UN's funds were spent came under strong
criticism by major donor countries. The USA
went as far as to withhold payment of its full
assessment to any organization whose financial procedures it considered unsatisfactory.
For a small organization like WMO where
decisions are traditionally taken by consensus,
this posed a problem. However, in the traditional WMO spirit of goodwill the problem was
solved by creating a small Financial Advisory
Committee to the Executive Council.
So in answer to your question, I am not
convinced that WMO needs fundamental
restructuring. I am highly impressed by the way
it has adapted itself to new and disparate
challenges in the past.

H. T. - Soon after Bob White had been
appointed Chief of the Weather Bureau,
the Bureau was combined with some other
branches to form the Environmental
Satellite Services Administration.
G. D. C.- With the marvellous results we were
getting from the early spacecraft, it was felt
desirable to bring together under one administration all those branches of Earth sciences
that would benefit from satellite monitoring.
The ESSA came into being in 1965, and Bob
White was designated its Administrator, remaining the Permanent Representative of the USA
with WMO. Five years later, when it was
decided to beef up the maritime component,
the name was changed to the National Oceanic
and Atmospheric Administration (NOM).
The post of Administrator is a political
one, and when Jimmy Carter became President
in 1977 Bob White was not immediately
reappointed. I feel sure he would have been
had he waited a bit longer, but, being the kind
of man he is, Bob did not want to risk missing
out on some other opportunity. The next
Administrator was Richard Frank who delegated the position of WMO Permanent Representative to Dr George Benton, a well-known
meteorologist but not Chief of the Weather
Bureau. This caused some unhappiness in the
Bureau, and when Dr Benton was not reappointed and there was no obvious candidate

from the highest echelons of NOM, the Chief
of the Weather Bureau was once more designated PR in the person of Dr Richard Hallgren.
Many of us feel that NOM lost a lot of its
thrust after the departure of Bob White. lt had
been his brainchild and he saw very clearly
what its functions should be. He was the ideal
man for the post of Administrator. True, NOM
suffered from budget cuts and some of its
responsibilities were hived off to the Environmental Protection Agency when the latter was
created. Everyone now hopes that, under the
leadership of Dr John Knauss, NOM will regain
its pre-eminence.

H. T. - You have been in Geneva for more
than 25 years, watching WMO from a
privileged position on the sidelines, if I
may put it that way. How does the Organization look from there?
G.O.C. -The WMO Secretariat comprises
some 250 staff if I am not mistaken and,
when you compare it with other specialized
agencies such as WHO with 4 000 or ILO with
5 000, one is tempted to think of WMO as a
small organization. But when you take into
account the combined resources of the
Members that can be placed at its disposal,
WMO is really large. You see, the Convention
of WMO was largely inspired by the International Meteorological Organization, an association of directors of Meteorological Services.
They wisely saw to it that the management of
WMO was in their own hands to the greatest
possible extent. I regard that as a precious
legacy of IMO.
One of the greatest problems that faced
WMO in the past three decades was to get its
disparate Membership to adopt coherent
uniform systems and standards. In fact that
was a primary purpose of the WWW. That the
smallest Meteorological Service can now have
at its disposition global observations as well as
satellite data and processed information in realtime is proof of WMO's success.

H. T. -When did you formally retire from
your post in the US Mission?
G. D. C. -That was in 1983. I was well into
retirement age by then, but still felt very active
and was keenly interested in the work going on
in Geneva. Also I got excellent support from
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H. T. -So to my last question. What would
you say to a young person who is thinking
of taking up meteorology as a profession?

Geneva, 1983- USA Ambassador Richard Benedict
presents Gordon Cartwright with an award from the
Department of State for 54 years of service

my colleagues back in Washington. The Director of the National Weather Service and US
Permanent Representative was Dick Hallgren,
and we became close friends through his
interest and support for the work of WMO. He
would often telephone me, usually quite late at
night, with some significant question that had
never occurred to me. Since I had decided to
remain in Switzerland, Dr Hallgren and the
State Department agreed that it would be
useful if I continued to maintain the contacts
I had made in Geneva and to report from time
to time on matters of interest to the Department of Commerce or the Department of
State. That got me a contract as consultant,
which I still have. lt has been a pleasure to see
the developments in the US Mission since I left,
and although there are many new faces
around, I still get all the help I need.

G. D. C. - I would observe that the variety of
fields open to anyone entering the science
today is almost unlimited. Each year brings
some new aspect of meteorology yet to be
explored. Space science, oceanography,
glaciology, agriculture, water resources,
energy-all are touched in significant ways by
meteorology. Then there is the more cesthetic
side: clouds, the passage of storms, the
changing seasons, all are part of the joy of
living. To anyone with the initial inclination and
background, I just could not think of a better
career.
Meteorology presents unlimited challenges. In some ways it is as complex as any
of the sciences. But by its very nature it
inspires this sort of brotherhood among
meteorologists the world over which is so
deeply satisfying. Once I was walking down a
long hill in Wellington with Dr Richie Simmers,
then Director of the New Zealand Meteorological Service, to have lunch at his club. We were
talking about our various experiences, his in
the southern hemisphere and mine in the
northern, and I shall never forget Dr Simmers'
remark: "You know, Gordon, we meteorologists
belong to the best club in the whole world!"

H. T. -So, Gordon, thank you very much
indeed for inviting me here and reliving so
many interesting episodes of the past. lt is
good to see you still looking so remarkably fit, and I hope we shall continue to
see you frequently in the corridors of
WMO, as well as in the Victoria Hall and
the Grand Theatre.
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Professor Ernst Lingelbach
Or Taba interviewed Prof. Lingelbach at his
home in Konigswinter, a town situated on the
right bank of the Rhine directly opposite the
federal capital, Bonn, in Germany's oldest
nature reserve: the Siebengebirge, or Seven
Mountains. According to ancient legend,
these mountains were built by seven giants
from the soil they cleared from their shovels!
KOnigswinter has been popular with
tourists for many years, including the English
poet Lord Byron (who wrote about the
Siebengebirge in Childe Harold) and the
German poet Heinrich Heine. Its greatest
attraction is the Drachenfels or Dragon Rock.
At 320 m, it is not the highest of the seven
peaks (that honour belongs to the Olberg,
which is 461 m) but it is the most famous.
The castle on the top was built as part of a
toll boundary in about 1150 by Archbishop
Friedrich I of Cologne. In 1632, during the
Thirty Years' War, it was captured by the
Swedes, taken by the Spaniards and then
razed to the ground. On one side of the
Drachenfels is a quarry from which stones
were taken for the construction of Cologne
cathedral in 126 7. Here, a/so, is the cave
where the terrible dragon killed by Siegfried in
the Nibelungen legend is supposed to have
lived. The castle may be approached on foot,
by horse-drawn carriage, by donkey or by the
rack railway, which is more than 100 years'
old. Once at the top, there is a magnificent
panorama of the Rhine valley and Germany's
most northerly vineyards: wine is another of
Konigswinter's claims to fame, the bestknown being called, not surprisingly, Drachenblut-Dragon's blood!
We asked Or Tillmann Mohr, VicePresident of the Deutscher Wetterdienst at
Offenbach, to say a few words about his longtime friend and former colleague:

Prof. Ern,l Lingclbach

People meeting him for the first time are
immediately struck by the fact that Prof.
Lingelbach is an entertainer in the best sense
of the word. He is a highly talented story-teller
and I cannot imagine any situation for which he
would not immediately have a suitable anecdote. This was often a valuable asset in WMO
and other meetings when rigid positions sometimes threatened the decision-making process.
Prof. Lingelbach has the unique ability of dis·
covering common interests, of comparing a
situation with one of his own experiences in a
witty manner, thus creating a spirit of mutual
understanding and making it much easier for all
parties concerned to agree on a compromise.
As a result, he was appointed to many commit·
tees, panels and working groups. it was well
known that, while he would give highest priority
to the matter at hand, he would at the same
time take into consideration the interests of
those he was representing. lt is no wonder that
he was a highly esteemed member of the staff
association early on in his career.

"Prof. Linge/bach is an eminent meteorologist
and scientist who has an equally good knowledge of practical synoptica/ and theoretical
meteorology. His gift of expressing himself
intelligibly made him an excellent teacher, as
he proved first in Baghdad and later at the
University of Bonn.

His interest in languages led him to address
Congress in Arabic immediately after its
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Because my father worked with the railway, the family was allowed one free journey
per year inside Germany and I was able to visit
my grandparents in East Pomerania, 800 km
away-quite a journey at that time-nearly
every summer until I was 18. When I was about
12 or 13, I had to earn my keep like a lot of
other boys by going out with the cows in the
meadows all day, as was the custom. Every
morning I set out, taking my dog and my lunch
with me: it was the first time I actually observed
the weather, as I wanted to know what to wear.
Although the Weather Service already
issued forecasts in the newspapers, the farmers made their own. One method I remember
was remarkable. Most of the farmers prepared
Sauerkraut (pickled cabbage) which they put
into wooden barrels with a plank and a big
stone on top. !, too, observed that sometimes
there was water on top of the Saukerkraut and
sometimes it was completely dry and they used
this as a very simple method of forecasting-if
it was wet, rain was due, if it was dry, fair
weather was due. Later, at the age of about 14,
I was interested in astronomy-part of a general interest in nature I think-and I purchased a
kit to build my own telescope out of a metre of
tubing about 8 to 10 cm in diameter. I finally
succeeded in having a telescope which
enlarged 50 times and I once thought that I saw
the moons of Jupiter, but maybe it was my
imagination !

adoption as a working language. He is also
proud of being able to write his name and that
of the Deutscher Wetterdienst in Chinese !
lt is a joy to listen to his stories. On the
occasions I had to accompany him to Bonn
for discussions at the Ministry of Transport,
the two-hour journey from Offenbach was
never dull. Official discussions accounted for
only a minor part of this time, the rest being
taken up with his anecdotes, which flowed
inexhaustibly and virtually without repetition.
I particularly enjoyed the colourful descriptions
of his experiences in Baghdad more than 30
years before, including his meeting with Agatha
Christie.
On a more serious note, his knowledge of
ministerial discussions and his acquaintance
with the individuals concerned constituted
a great advantage for the Wetterdienst. When
staff complained to him about insufficient
financial resources he used to say 'There is
plenty of money available, all you have to do is
direct the flow of it towards yourself!"

A/ways open to technological innovation, he
has continued to follow the development of
computer sciences since his retirement, taking
advantage of his granddaughter's interests
while simultaneously stimulating them. I must
not omit to mention his do-it-yourself talents:
he takes great pleasure and invests much time
and thought in manual activities, tor example in
making a broken or obsolete meteorological
instrument-even a facsimile receiver-work
again."

We are most grateful to Prof. Unge/bach
for having taken part in our series of Bulletin
interviews.

H. T. - What could you tell us about your
schooling?

H. T. - Professor Lingelbach, I will start
off in the same way as I do with everybody
and ask you to tell us the date and place
of your birth and something about your
parents and your early life.
E.L.
I was born in a little village in Hesse
called Meckbach on 2 November 1919.
Shortly after my birth, my parents moved to
Bad Hersfeld, an industrial town but also a spa.
At the time of my birth my father was a
locksmith and later a railway-engine driver.
My mother was a farmer's daughter from
eastern Pomerania. She was fond of stories
and often sang, especially while ironing. We
had no radio and television did not yet exist,
so this was our entertainment.

E.L. - I attended secondary school- the
Gymnasium in Bad Hersfeld-from the age of
10 to 18. We had the normal subjects-German, mathematics etc., but also Latin, Ancient
Greek, French and, later on, English. There is a
German book called Duden for correct spelling
and our teachers were very proud because
Konrad Duden had been director of our Gymnasium. This was before my time, but a school is
always proud of its famous connections. My
school had been founded by the Church in
15 70 and had survived even the Thirty Years'
War. Tradition made this a special school and
I think our teachers were also specially
selected.

H. T. - How did you come to study meteorology?
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E.L. -I left school in 1938, having passed the
Abitur (the final examination at a Gymnasium)
and immediately afterwards, I had to join the
Arbeitsdienst (Labour Service) for half a year
and later the Luftwaffe, the German air force.
When war broke out, I was based at a
searchlight company near Aachen (the searchlights were used to detect aircraft). Owing to
my eagerness to learn about the sky, I occasionally used the large mirror of the searchlight-it had a diameter of 1.50 m or
1.80 m-as a mirror telescope and, using a
handkerchief for a screen on the focal point,
I could see the moon quite clearly-much better
than with the naked eye. Later, I had an administrative job, working with electronics and telephones and ordering supplies. I heard that the
air force was looking for young people to study
meteorology and the idea appealed to me.
I passed an examination in Munster, Westphalia,
and was sent first to Berlin and then to Dresden
and Leipzig to study experimental physics,
differential equations, vector calculus and so on.
I was extremely lucky that I could use my
military time for studying: only a small number
of medical students and some others had that
opportunity. Because we were at war, not only
had the semesters been shortened but there
were no vacations inbetween.
I recall that Prof. Rellich, our professor of
mathematics, used to say that mathematics in

general is very easy and if it becomes difficult it
becomes too difficult I believe this to be true to
this day. In Leipzig, our main subject was
meteorology and the principal lecturers were
firstly Prof. Ludwig Weickmann and then Prof.
Fritz Moller. Another of the lecturers was
Dr Paul Mildner, the father of Mr Stefan
Mildner 1• who worked at the WMO Secretariat
for several years. One lecturer I liked very much
was Prof. Robert L. Carolus who taught us
about electro-techniques. He was one of the
inventors of the television systems we have
today. At that time he was researching into
large-size television screens where the pointsthe pixels-were, literally, thousands of little
torchlights: this method is in use again today.
Carolus was a very interesting man; I visited
him, some years later, in 1951 in Yverdon
(Switzerland). Also students at that time in
Leipzig were Kari-Heinz Hinkelmann2 and Fritz
Wippermann and my friend Hans Baumgartner,
who was with me later in Bad Kissingen.

H. T.

When did you take the final

diploma exam?
Director of Basic Systems, WWW, WMO,
1985-1992. See "Staff changes", p. 365
2
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Prof. K. H. Hinkelmann was interviewed in the WMO
Bulletin 34 (4), p. 275

f.L. -At the beginning of 1944: we were
then sent to weather stations at aerodromes
and worked for the first time as meteorolo·
gists. I was sent to Posen (now Poznan) in
March 1944 and our duties were those of a
forecaster but under the supervision of an
elder colleague. From Posen I was transferred
in August to Frankfurt an der Oder (now the
border with Poland) and later for a short time
to a place called Breslau-Gandau (now Wroclaw
in Poland), where a programme of meteorologi·
cal soundings in the free atmosphere was
carried out using aircraft. Each aircraft carried
a pilot and a meteorologist and usually went up
to about 5 km altitude. The pilots had to fly in
all kinds of weather but they were very experi·
enced. I remember a story about one of these
pilots in particular. If he was told that the
visibility forecast was bad, about 400 m, on his
return, he used to say "What does it matter, I'm
short-sighted-1 can only see for 200 m!". To a
young man this sounds very brave.
In the autumn of 1944, the situation in
Germany was very tense. All my fellow stu·
dents and I were sent back to our original units
as soldiers. I went to a place called Assling
(now called Jesenice) in Slovenia. From there,
I was transferred to Italy and I spent the last
days of the war at a very pleasant place on the
Lago Maggiore. The war in Italy was over on
1 May 1945 and in Germany finally on 8 May.
I was with my small unit of about 80 people at
the Swiss border near Domodossola and we
had the idea of walking home through Switzerland. This was not so easy. At first, the Swiss

did not allow us in but eventually relented.
Switzerland was a pleasant episode, as was
the Salvation Army, which was feeding us!
Eventually, we were taken to Chur and then to
Austria, where we were prisoners of war of the
Americans.

H. T. -What happened then?

f.L. lt was discovered from my papers that
I was a meteorologist. There was a general
order in the American zone to round up all the
meteorologists to build a new German Weather
Service, so, I was taken to another camp
where other meteorologists had already
arrived, including some of my colleagues and
professors, for instance Professor SchneiderCarius, and here I stayed until August 1945.
Lectures were given to pass the time; otherwise we walked and collected berries. I didn't
feel like a prisoner, but I was one nevertheless.
Then, one day, I was taken, together with some
colleagues, to Bad Kissingen, which was the
headquarters of the German Weather Service
in the American zone. Gerhart Schinze
received us and told us that we were now
employees of the German Weather Service, of
which he was the chief. We were a small
group-about 30-35 people-and were given
rooms and an office in a former hotel. The next
morning we had to start our official weather
service. I still remember this day. Can you
imagine-coming out of a prison camp straight
into the profession you wanted to have? lt was
not only a profession, it was a livelihood. My

Oenem. Apri/1%7
An informal meeting during rirth Congress between (ji'Oinleji lo right): Mr Abdul Ghani AI
Sultan; Mrs Lingclbach; Mr Towfiq Fattah. Pcnnancnt Representative of Iraq with WMO; and Dr Lingelbnch
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wife and I had married in 1943 and we had
a small apartment in Cologne which was
destroyed during the bombing. She had had to
go away-fortunately unharmed-and after a
short time I found her in my hometown of Bad
Hersfeld.
Someone I will never forget was the US
meteorologist, Mr Dean Parry who was
supervisor of the US Air Force Weather
Service in Germany. it was a difficult situation directly after the war, but he helped us
both as a colleague and as a friend. In
between my work I had the opportunity to write
a meteorological thesis which was accepted at
the University of Leipzig. In July 194 7 I was
promoted to Doctor rerum naturalium (Doctor
of Natural Sciences). I passed the State
examination for diploma-meteorologist at the
end of 1948 and then I became an official with
the German Weather Service until the end of
my career, apart from the time I was transferred to the Ministry of Transport, but I will tell
you about this later.
H. T. - What is the State meteorological
examination-why is such an examination
necessary?
E.L. -In Germany, we think the Weather
Service as an organization requires more
knowledge and skills than a student can
acquire at universit-y. A meteorologist applying
for civil servant status has to receive two
years' training in the various parts of the
Weather Service familiarizing himself with all
its activities. This includes all the technical
branches but also administrative training and
general knowledge about the organization,
legislative basis and historical development;
questions are set on all these aspects in the
State examination.
H. T. -At what stage of your career did
you start working in synoptic meteorology?
E.L. - My work during the early days of the
war as a meteorologist at airports could be
considered synoptic meteorology and, when
I was released from the prisoner-of-war camp,
I worked in the Department of Synoptic
Meteorology. The chief at that time was Hans
Klaus Meyer and later Richard Scherhag.
Scherhag was my Department Chief in the

Synoptic Department of the Central Office of
the German Weather Service in Bad Kissingen
for many years and I also worked with him as
a part-time lecturer at the Free University of
Berlin where he had the chair of meteorology.
This is still a famous university and Prof.
Heinz Fortak, who teaches there, is well
known. Meteorology is active in Berlin-there
is no doubt about it. The difference between
the University of Berlin and other universities
was that Scherhag involved the institute in the
daily weather service and in television. The
weather service was provided by meteorologists at the Free University who made forecasts for newspapers, climatological
investigations, etc. but the basic information
came from the central station at Bad Kissingen, later at Offenbach. They are still doing
this today. But I think it was only politically
possible because of the special situation of
Berlin; I don't think other meteorological
institutes could have done the same.
Scherhag himself was an interesting
person. He lived for his work and had, I think,
few other interests. From morning until
evening he lived with the weather. If his forecast for rain was a bit doubtful but then it
actually started raining, he went out and
walked in it and revelled in his correct
forecast! I have never seen a man so enthusiastic about his profession. When he had an
aim, he went straight to the point and argued
everybody down.
H. T. - At what stage did you start thinking
of working outside Germany?
E.L. -A British firm called International Air
Radio Ltd. supplied meteorologists, air-traffic
controllers and others to countries in need of
such personnel. Iraq had asked for some airtraffic controllers and meteorologists. There
were not enough meteorologists in the United
Kingdom, so other countries were asked,
including Germany. I subsequently obtained
permission from the German Government to
join this firm and go to Baghdad. In October
1953, my wife and I were in Rome and we
visited the Fontana di Trevi. They say that you
should d1row a coin in the water if you want to
return. T: .e next morning we received the
telegram that I should go to Baghdad as soon
as possible so we went back home. A few
days later, I was back in Rome on the first leg
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of my flight to Baghdad, so the fountain
worked!
I was with International Air Radio for four
years as one of a team of meteorologists.
There were some other Germans, including
Dr Max Hoffman, who was my senior forecaster, and Siegfried Hahn. The Director of
the Meteorological Service, Towfiq Fattah,
was also the Permanent Representative of
Iraq with WMO and we met up again later in
Geneva (see photo on page 262). Our duties
were the daily weather service and the training of Iraqi forecasters. We also did a little
research and helped the director with administrative tasks.
Those four years were most interesting
and my wife and I were able to learn enough
Arabic to get by. We frequently travelled in the
desert and spoke with the bedouins. I learned
that the Arabic word for forecaster is
Mutenebbi, which means a man who pretends
to be a prophet and was warned that, if asked
by the bedouins what I did and I said I was
Mutenebbi, I would be in trouble. I was supposed to say instead that I was Muhandis AI
Djou-engineer of the air-which was much
better. So in the desert I called myself Muhandis AI Djou and I am still alive. Such small
things are sometimes extremely important!

H. T. - You taught at the Meteorological
Service in Baghdad, I believe, not at the
university?

EL - I trained forecasters at a sort of
weather school. We left Iraq in 195 7, not
intending to return but, when I came back to
Germany, I felt homesick for Baghdad. lt had
been proposed to set up a meteorology
section in the Physics Department of the
University of Baghdad. The Dean, Mr Doori,
finally agreed and I was approached by the
College of Arts and Science to take on the
job. So I left for Baghdad again, but this time
in service of the Iraqi Government. I enjoyed
this second visit immensely. The studentsthere were a couple of girls as well as boyswere eager and able and clever, but were
inclined to take things easy: as examination
time approached, they worked from morning
till evening and passed because they had a
good memory!
During this time I received the title of
Assistant Professor by decree of the King.

Although the document was signed on 27 January 1958, it carried the date 7th Ridjab
13 77 after the Muslim calendar and so
I am a very old Assistant Professor! it was
one of the last decrees to be signed by
Feisal 11 because six months later the revolution started and he was killed. Iraq became a
republic or Djumhuriah. I was on leave in
Germany at the time and I presumed that,
because I had been appointed by the King,
I would not be wanted by the republic. That
was a mistake: I received a letter saying the
republic, too, needed teachers. We returned
to Baghdad in October 1958. An Iraqi meteorologist, Abdul Jabbar Abdullah, who had
worked with Fritz Moller in the USA, was the
new Dean and he was pleased to have a
meteorological section. The situation in the
streets was precarious; post-revolutionary
times are always difficult, especially for
foreigners, but at least we could speak some
Arabic. My wife returned to Germany because
of our daughter's schooling but I remained
until the end of the semester in June 1959.
That was my adventure in Iraq and
I wouldn't have missed it for anything. The
friendliness of the Arabs is remarkable. When
we went to Germany on leave, about 20
people would be at the airport to see us off
and to greet us when we returned. Here in
Germany, where we had relatives and acquaintances, nobody met us at the airport and
nobody saw us off. More than 30 years later,
I still have connections in Baghdad. Back
home I was able to take up my old job again.
For a short time I was in the Department of
Synoptics and in May 1960 I was transferred
to the Common Services Department.

H. T. - Who was the president of the
Weather Service when you returned?

EL- Dr Georg Bell was president; Dr
Erich Slissenberger was in the Ministry of
Transport in the section of meteorology.
(The Weather Service is a governmental
agency under the supervision of the Ministry of Transport.) The Common Services
Department was also in charge of the
Weather Service school which trained
technical personnel and gave refresher
courses for meteorologists. I supervised
the school and the teachers, and co-ordinated
the training and planning but had nothing to
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do with the lecturing side. Then Dr Bell asked
me if I would be interested in being transferred to the Ministry in Bonn because
Dr Hinrich Voss who worked there wanted to
go to Bangkok as a WMO expert. 3 it was a
small section; besides the chief, there was a
technician, a secretary and myself.

got its first computer, there was so little
experience to draw on and Dr Bell hesitated,
undecided whether this was really the way to
do weather forecasting. Hinkelmann worked
hard on him and I did too. After carefully
watching developments in other areas and
discussing the problem thoroughly with
Dr SUssenberger in the Ministry, he was finally
convinced. Then, there was no turning back.

H. T. - Why does the Weather Service
have an office in the Ministry?
E.L. - I asked myself this interesting question
before I went there. First of all, the Minister
is chief of many other departments: railways,
shipping, air traffic and so on, as well as the
Weather Service. Someone has to report to
him and answer any questions concerning
meteorology which arise at the ministerial
level. The head of division is therefore a
Ministerial Counsellor.
International and national co-operation is
also part of it. Ours is a federal republic and,
according to our convention, assistance may
be sought from the federal Government. All this
has to be co-ordinated with other ministries,
e.g. economy, building, agriculture and, of
course, as regards international co-operation,
the Foreign Office. This administrative work
cannot be done without an overall knowledge
of the Service. I had never had the opportunity
before to see how the Weather Service
functioned as a whole, its influence on other
branches and economic benefits.
H. T. - Dr Bell had many friends in WMO
circles; what can you tell us about him as
a person?
E.L. - I would say he was a man of law and
order. He was not at all emotional but he
analysed things very well and what he decided
was usually correct. He was not a public
relations man, he did not seek publicity. He
was very just and you could go to him with any
problem and he would say whether it was
possible or not but he didn't talk very much.
He was far removed from me-1 was a very
young meteorologist then and he was the
president, so I very rarely had the opportunity
to talk to him. When I was in Bonn later, I often
had to talk to him. When the Weather Service
3

Director of Administration, WMO, 1974-1980

H. T. - Now tell us about the European
Community Expert Group for Meteorology.
Who were the members of that group and
who was the Chairman?

E.L. - I had the honour to deliver a speech at
a seminar entitled "Medium-range weather
forecasts-the first ten years" to commemorate the tenth anniversary of the European
Centre for Medium-range Weather Forecasts
(ECMWF) in November 1985 and so I had to
study the history of this important development. it is very interesting that there should
have been a movement, so soon after the war,
for Europe to promote technical development
and science. The first organization which
supported this idea seems to have been the
European Parliamentary Union in 194 7 already,
then came the European Coal and Steel
Community in 1951, the European Economic
Community, the Atomic Agency (EURATOM) and
so on. This was all with the idea of being
stronger in these fields. One of the reasons
behind the movement was that a lot of scientists were leaving Europe for the USA,
attracted by the better conditions there: this
was a brain drain on a scale which the Europeans should not have allowed. There was also
the idea to have a European Weather Centre.
So, to cut a long story short, the European
Community Expert Group for Meteorology was
established and the first meeting took place on
4 January 1968 with Dr Si.issenberger as
chairman; I was rapporteur and Dr Schweitzer,
who also came from the German Weather
Service. Also attending were Mr van Mieghem
and Mr Defrise from Belgium; and, from
France, Mr Denisse and Mr Blamont (from the
Centre national d'etudes spatia/es) and Messrs
Lebeau and Villevieille. From Italy there were
Professors Giorgi, Fea and Rosini and from the
Netherlands Dr Schmidt (he was also a professor at the Meteorological institute in De Bilt).
From the Commission of European Communi-
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ties (CEC) there was Mr Maillet (Director) and a
Dutch physicist, Mr van der Kolk, from the
European Coal and Steel Community: the idea
of European co-operation in meteorology was
fostered first by the Coal and Steel Community-not by meteorologists.
H. T. -And the United Kingdom?

E.L. - The United Kingdom was not yet a
member of the Commission of European
Communities. The Expert Group for Meteorology proposed to enlarge the group (five
countries and the CEC were represented) and
to include the United Kingdom and it was finally
agreed that co-operation in Europe should be
wider. There were three sub-groups, each with
a different agenda. Eventually, one of the subgroups, sub-committee Ill, led to the foundation
of the ECMWF. The concerns were scientific
programmes in general, homogenizing ozone
research, seminars, floating balloons, buoy
systems and a computer centre. The members
of this group were Professors Rosini and
Schmidt, Messrs Lebeau, van Mieghem, van
der Kolk and myself. The CEC projects-about
50 in all-came to be known as COST4 projects and covered a number of different fields.
To mention only a few: local broadband numeri·
cal telecommunication network, codes and
transmission, mobile terrestrial numerical
telecommunications and electronic support for
traffic. Once the ECMWF had been established,
a COST document on developments in all these
fields said:
"Only one COST project has led to the establishment of a great common research institute
namely, the European Centre for Medium-range
Weather Forecasts. All other actions are being
implemented by co-ordinating the research
efforts of individual, national laboratories. The
convention establishing the centre occupies an
exceptional position within COST insofar as
through this convention a new original organization was established having its own staff and its
own budget and the priorities and immunities of
which are set out in a special protocol."

H. T. - Could you please tell us about your
contacts with Prof. Flohn5 and your functions at the University of Bonn?
4

COST "" Co-operation scientifique et technique

(scientific and technical co"operation)
5 Prof. Flohn was interviewed in the WMO Bulletin 32
(3), p, 185.

E.L. -Prof. Flohn knew I liked teaching very
much and that I had given lectures at the Free
University. One day in 1962 he asked me it
I would be prepared to lecture at the meteoro·
logical institute he had recently founded at the
University of Bonn. The general theme for my
lectures was "Introduction to theoretical and
synoptic meteorology" but I was free to divide
this up. lt was a part-time job-lusually gave
my lectures from 5.00 p.m. to 7.00 p.m.and the number of students was small, about
12. I think it is much nicer to lecture a small
number of students because you get to
know them all personally. After the lectures
we always had a discussion around the
weather maps which were prepared by one
of Prof. Flohn's assistants. I was pleased to
be teaching young people again. The Roman
philosopher and scientist, Seneca, said
Docendo discimus-by teaching we learnand that is quite true. I tried to change my
lectures and sometimes I think I was the only
one learning! Anyhow, I did it with joy. lt is
very rewarding when one's young students
get jobs in the Weather Service and again
when the first one starts lecturing or
becomes a director but the day comes when
the first one retires-as happened to me with
Dr Leese-and that is not such a pleasant
feeling but that's life.
I gave my last lecture in February 1977
because I was transferred from the Ministry
to become president of the German Weather
Service upon Dr SUssenberger's retirement.
In 1969, I was made honorary professor of
Bonn University. This didn't change much
regarding my lectures but it was an honour
and I was pleased.
H. T.
What about your collaboration
with Dr Sussenberger?

E.L.
Dr Sussenberger was my chief at the
Ministry in Bonn from 1961 until 1966 when
he became president of the Weather Service
at Offenbach and I succeeded him as head of
section in the Ministry. lt was at that time that
the CEC started promoting meteorology, so
we often met up for discussions at CEC
headquarters in Brussels. Dr Sussenberger
became the Permanent Representative of the
Federal Republic of Germany with WMO in
1966 and I accompanied him to meetings in
Geneva and elsewhere as his alternate.
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H. T. - Then you became the president
of the Deutscher Wetterdienst and Permanent Representative of your country
with WMO?

him. Meetings with these persons as chairmen
were always fruitful and acceptable to all
concerned.

E.L.- Yes. I also became a member of the
Executive Council. Having worked as
Dr Sussenberger' alternate for so many years,
I knew how things were run at WMO and liked it
very much. I also liked going to Geneva and
seeing colleagues from all over the world. lt
was interesting and also made a change from
my everyday work at the office in Bonn.

H. T. - Which sessions of the Bureau did
you attend and in what capacity?

H. T.
What can you tell us about the
members of EC in those days and the
atmosphere surrounding you?
E.L. - Politically, there were great differences
between east and west and north and south and
members were tied to their political systems to
a certain extent. Difficulties were always overcome, however, and all of us, wherever we
came from, agreed that that made WMO something special. Despite all the inherent political
difficulties, the co-operation was remarkable.
I remember extremely hard discussions between
Academician Fedorov6 and Dr White7 and
between Prof. lzrael8 and Sir John Mason9, but
a solution was always found and meteorology
benefited from this. I very much admired WMO
Presidents NyberglO and Tahall. Mr Nyberg
was always calm and when it seemed that a
discussion was insoluble, he used to say: "This
will be recorded." and everybody was satisfied.
Mr Taha had a different approach but was
efficient and enthusiastic about meteorology. To
my mind, Mr Kintanarl2 had more of
Mr Nyberg's temperament and everybody liked
6

7

8

10
11

12

Acad. E.K. Fedorov, former Vice-President of WMO;
interviewed in WMO Bulletin 30 (4), p. 247.
Dr Robert White, former Permanent Representative
of the USA with WMO; interviewed in WMO
Bulletin 30 (1). p. 15.
Prof. Ju. lzrael, former Vice-President of WMO and
former Permanent Representative of the Russian
Federation with WMO
Sir John Mason, former Permanent Representative
of the United Kingdom with WMO
Mr AH Nyberg, President ofWMO, 1963-1971;
interviewed in WMO Bulletin 33 (3), p. 275.
Mr M. F. Taha, President ofWMO, 1971-1979;
interviewed in WMO Bulletin, 34 (2), p. 93.
Mr R. Kintanar, President of WMO, 1979-1987; Per·
manent Representative of the Philippines with WMO

E.L. - I was invited by the Secretary-General,
as a senior member of the Executive ~ouncil,
to participate and this was an honour. The
discussions which took place on preparations
for the forthcoming session of the Executive
Council and on other subjects and problems
were interesting and I enjoyed participating.
I attended one Bureau meeting in Lagos,
Nigeria, in January 1982 (see photo on page
268) and one in Moscow in January 1983. On
each occasion I had the opportunity to visit the
Meteorological Service. Lagos was my first
experience of a Service in Africa and I was
astonished at the high standard that the Director, Mr C. A. Abayomi, strove to achieve. Things
we take for granted in the developed world,
such as equipment and servicing, training, even
electricity, are not always available and I was
most impressed how these problems had been
surmounted. The Meteorological Service in
Moscow was more on a par with my own
Service. The Bureau meeting was actually
moved out of Moscow-in a Russian research
aircraft!-to Yerevan because ot the cold. it
wasn't much warmer there, in fact, but we
carried on and had a successful meeting.

H. T.
Now could you please tell us about
the period when you were president of the
Council of the European Centre for
Medium-range Forecasts?
E.L. -The ECMWF is an international European
undertaking and is governed by a Council
composed of members from the different
countries-a small-scale Congress. One member is elected president every three years and
my period of office was from 1980-1983 (see
photo on page 269). I sought as much assistance for the Centre as possible, partly in the
form of funds, of course, but also in the sending of scientists to the institute. I wanted to
make clear how important it was for the European economy to improve medium-range
weather forecasting. We had cost-benefit
analyses made, not only by meteorologists but
also by economists and statisticians. WMO had
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Lagos, Nigeria, Januwy 19H2- Meeting of the Bureau; Prof. Lingclbach is standing on the extreme right

already worked in this field and it was obvious
to me that an improvement in forecasting
accuracy of, say 2-3 per cent, was of tremendous value for users. For most activities this is
well-known but there are unexpected benefits as
well. One day, for example, I heard about a
chicken farm where the chickens were kept in
air-conditioned buildings and artificial light
(I didn't like the idea very much but that's how
it was) and I couldn't understand why the farm
managers were interested in weather forecasting. lt was explained to me that the the airconditioning functioned according to the
outside humidity and temperature: if those
values were known in advance, the mechanism
could be adjusted and quite a lot of money
saved accordingly.
The first Director of the Centre was Prof.
Axe! Wiin-Nieisenl3 and he was determined to
bring it up to a high standard. The founding of
the ECMWF was not solely a meteorological
problem but also an administrative one. The
Centre could not have worked without sufficient
finances and the questions of acGommodation,
equipment, personnel and co-ordination with
other European agencies had to be considered.
I think Wiin-Nielsen did a very good job in these
areas in the early years. The second Director,
Mr Jean Labrousse14, was an expert in
13

Prof. Axe! Wiin-Nielsen, Director, ECMWF, 19741979, and Secretary-General of WMO, 1980-1983

14

Mr Jean Labrousse, Director, ECMWF, 1980-1981,
and Director of the Research and Development
Department, WMO, 198 7-1990

telecommunications and he came at the right
time because the Centre had to be connected
with other services. Dr Lennart Bengtssonl5,
who came next, cared most of all for the
scientific development of the Centre. lt was a
joy to see a weather institute with so many
gifted and enthusiastic people. Good results
were almost inevitable and progress was
comparable with that in Japan and the USA.

H. T. - You retired a few years ago: what
are you doing these days?
E.L. - The rule for civil servants in Germany is
that you have to retire at 65 so I left Offenbach
at the end of November 1984 with one eye
laughing and one eye crying as we say. I have
always had many interests and always tried to
learn, especially about nature and questions
relating to matter, space, time and so on. The
advances in recent years have been tremendous. Sometimes I am a little sad that
progress in meteorology is not so obvious.
There is still no solution today for some ques~
tions but there are many instructive and
understandable books. My granddaughter is
22 now and has lived here since the age of
two. Her mother died in 1984 and my dear
wife in 1986. We have developed a kind of
symbiosis which is nice for both of us. A lot of
young people bring life to the house: they play
music and there is laughter. Between us, we
look after the house and the garden, which is
15
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Dr Lennart Bengtsson, Director, ECMWF, 1982-1990

Rmding, United Kingdom, April /Y/!3

Meeting of the ECMWF Council when Prof. Lingelbach (cenrre) wa; president

quite large. Although we have some help with
the housework, it still takes up a lot of time but
I don't mind-1 can't read 16 hours a day-and
I regard the work in the garden and the house
as physical exercise.

H. T. - Which events in your professional
life stand out most in your mind?
E.L. -The first one that comes to mind was
when I was working as an assistant meteorolo·
gist at an airport which had a school for pilots.
Part of our duty was to forecast the weather
for night exercises for five or seven pilots; they
had to fly a certain route during the night, and
then return to the airport. They were mainly
interested in the clouds and visibility in the
second part of the night when they returned.
One night, my colleague (who was also my
supervisor) and I agreed that there would be no
fog. Two or three hours after the aircraft had
left, fog appeared and became denser and
denser. I felt very bad. Not one of those
aeroplanes could come back- they had no
radar or suitable flight instruments and could
only land visually. Fortunately, all the pilots
found somewhere to land except one, who
came down on farmland; part of the aircraft
was destroyed but nothing happened to the
pilot or the co-pilot We only heard of this later,
however-for 24 hours we knew nothing. Even
today it is extremely difficult to predict the
onset of fog and its dissipation.
Among my most outstanding experiences
I must include my visits to other Meteorological
Services, when I was nearly always received

like a member of the family. How pleasant it is,
as a stranger to a place, to arrive at an airport
and be met by people you know and who make
you feel at home. Of my many visits I would
particularly like to mention the one in 1980 to
Beijing, where I met the current President of
WMO, Mr Zou Jingmeng. The achievements of
the Meteorological Service and all I saw
impressed me deeply. A special experience
was being able to exchange greetings with
Offenbach live via computer-satellite link.
A pleasant surprise was to come across my
good friend Dick Hallgrenl6 there.
One situation I remember vividly occurred
in 1979 at the end of Eighth Congress. I had
the pleasure to make a speech in honour of the
retiring President, Mr Taha. I started in English
and, because ·1 held him in high esteem,
finished in Arabic (which had, I think, just been
adopted as an official WMO language). Thanks
to the help of some Iraqi friends and some
interpreters, my Arabic was quite satisfactory
and Taha thanked me heartily. I would like to
say here how impressed I always was with the
work of the interpreters in general: they made
such international meetings possible.

H. T. - How would you summarize the
evolution of meteorological science from
the early days of your career until now?
E.L. -That is an easy question for a meteorologist to answer: a joy. Bjerknes already
16 Dr R. Hallgren, former Permanent Representative of
the USA with WMO
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Genem, May /')83
A relaxed gathering during Ninth
Congrc;;s, From /ej) to right: Mr R. E. llallgren, Pcmulnenl Repre~entative of the USA with WMO, Mr M. Seck
(Senegal), Prof. Lingelbach and Mr J. Murithi, Permanelll
Representative of Kenya with WMO

believed in 1904 that it should be possible to
forecast the weather numerically with a set of
partial differential equations using real-time
basic meteorological data. But this idea could
not be tested in practice until a sufficiently fast
computer was available. The first computers
were built in 1946 but they were far too slow.
1955 could be said to be the year when
numerical weather forecasting began on
a more or less routine basis. Since then,
computers have become faster and faster and
real progress has been made. ThSJ greatest
improvement has not been in the 24-hour
forecast, however, but in the two- to five-day
forecast. During my youth, radiosondes were
invented and so were radar and satellites, of
course. Altogether, all this was very positive
because, if you wish to make a forecast, either
by extrapolation or by calculation, you have to
have the basic data, which are the observations. For two days or even sometimes for one
day, a large field of observational data is
needed.
H. T. - You have worked in a developing
country-what do you think of the value
of technical assistance in the field of
meteorology in general and WMO's role in
particular?

E.L. -As I have just said, basic data are
necessary for any forecast. Therefore, networks with trained observers and internationally
uniform and well-calibrated instruments are
essential. This is possible only with well-functioning internation;:1l co-operation. WMO is now
almost 120 years old and has much experience. One has only to consider telecommunica-

tions: observations have to be sent without
delay to data-processing centres and for this
a vast telecommunication network is required.
For synoptic meteorology, the biggest invention
therefore was the morse telegraph. Previously,
it was not possible to receive information fast
enough from faraway places. If you trace the
development of telecommunications, you will
see that meteorologists or meteorological
telecommunication people have always used
the most modern equipment so as to have their
information distributed as quickly as possible.
First they used the telegraph, then the wireless,
teleprinters, satellites and, nowadays, data
transfer over high-speed links, and satellites. lt
has been my experience that meteorologists
from different countries always find it easier to
understand each other than other professionals, because of their strong common interest.
Co-operation between Members of WMO was,
therefore, relatively easy. Some Members are
technically highly-developed and others are not.
Developing countries, however, have certain
problems not encountered by developed
countries and to which they themselves know
the solution. Yet, WMO should continue to send
experts and to train people to achieve an
effective transfer of technology and knowledge.
H. T. - Do you have any contacts with
your former colleagues nowadays?

£.L. -Only on a personal basis: I do not
interfere in their daily duties or make sugges·
tions. I still have many friends in the Weather
Service and at the Ministry in Bonn, which is
quite near. I was 16 years in the Ministry and
probably 80 per cent of my retired colleagues
are lawyers but it is nice to be able to talk of
something other than meteorology from time
to time. Sometimes some of my former
colleagues come up to Bonn from Offenbach
and they drop in to see me and tell what's
going on at the Weather Service and in WMO
and I enjoy that very much.
H. T. - In the light of your long experience, what advice would you give to a
young person thinking about taking up the
career of meteorology?

E.L.- First I would explain to him, if he doesn't
already know, that the requirement for meteorologists is comparatively limited. The possibil-
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ity of becoming a meteorologist, as compared
with that of becoming a lawyer or a doctor, for
example, is relatively small. A country such as
Germany has about 1 000 meteorologists.
Approximately 3 per cent leave the Service for
various reasons every year, which means that
not more than 30 young people a year can be
taken on by the Weather Service, universities
or other agencies. (These are rough figures.)
Nevertheless, if someone has the desire to
study physics, the ability to work in mathematics, some knowledge of chemistry and
is technically minded, then of course I would
advise him to go ahead.
I would also tell him that co-operation in
meteorology between different nations is
something ideal. After he has worked at the
Service for some time, and especially if he
likes to have contacts and speak other languages, I would advise him to try and work in
another country for at least a few years. Years
spent working in any foreign country are of

tremendous benefit to co-operation in general.
While I was with the Weather Service, we often
tried to arrange an exchange of meteorologists
but problems always arose about insurance,
pension funds, etc. and we were only rarely
successful. I am confident that the situation will
continue to improve in Europe, as a result of
the closer co-operation and understanding that
now exists, and hope that similar changes will
occur in other regions. There will be more
exchanges and people will learn more about
their neighbours and this will foster international co-operation.

H. T. -Thank you very much, Prof. lingel·
bach, for inviting me to your home and
according me this interview. I am sure
that readers of the WMO Bulletin share
your view of international co-operation
and your hopes for the future.
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Professor Tom Malone
Research Triangle Park (RTPJ in the state of
North Carolina, USA, comprises a unique
combination of academia, government and
industry. it is an outstanding pool of scientific
skill and excellence, which has made it a
leading world centre for basic and applied
research.
The "corners" of the triangular park (which
was established in 1959) are three top major
research universities: that of North Carolina at
Chapel Hill (the oldest state university in the
USA!, Duke University in Durham and North
Carolina State University in Raleigh. Within the
triangle, which has an area of nearly 1.5 million square metres, over 34 000 scientists
work in more than 50 corporate, academic
and governmental institutions specializing in
microelectronics, telecommunications, chemicals, biotechnology, pharmaceuticals and environmental health sciences.
Scientific societies have a/so moved their
headquarters to RTP, which is constantly
expanding. One of these is Sigma Xi, whose
aim is to honour research accomplishments, to
promote scientific research and public understanding of science and technology, and to foster worldwide a dynamic and creative
interaction among science, technology and
society.
Professor Tom Matone, the subject of our
interview, is resident in Research Triangle Park
as a Distinguished University Scholar at North
Carolina State University and Director of the
Sigma Xi Center. He is a past president of
Sigma Xi and chairman of its Long Range Planning Committee. Or Taba went to visit him at
RTP in May 1992, where this interview took
place.
Dr Taba has been a great admirer of Tom
Malone ever since he first met him in Geneva in
the early days of GARP, when he was struck by
his enthusiasm, diligence and knowledge. These
and other qualities-his pleasant personality
and above all, his ability to express himself
lucidly and the gift of making complicated matters simple-come across clearly in the interview and will not fail to impress readers also.

Profcssm "f'om Malone

As Professor Malone is the first to point
out-and as is the case with many exceptional
men-a key to his success both at work and at
home is his wife, Rosalie: we will now let readers "meet" Professor Tom Malone and his family and learn about his full and rewarding life
for themselves.

H. T. - Could you please tell us the date
and place of your birth and give some
information about your parents?
T.M.- My lineage is 100 per cent Irish. My
parents were John Malone and Mary Hourigan
Malone and I was born in Sioux City, Iowa, on
3 May 191 7. My early boyhood was spent in
South Dakot<J, where my father was a rancher.
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H. T. - What can you tell us about your
childhood and early schooling?
T.M.- I started out in a one-room schoolhouse in South Dakota-we were five students,
including my sister and I. One of my earliest
recollections was keeping a weather chart Our
teacher was interested in the weather and
each day I would write down whether it was
cloudy or sunny or raining. Those were the
years of drought, the grasshopper plague and
the depression. There was no radio, the newspapers were already three days' old when they
reached us and we were 40 miles {64 km)
from the nearest railroad station. The only
means my father had of anticipating blizzards
and other weather conditions which would
affect his cattle was what he could see in the
sky and what he could interpret from his
aneroid barometer. As a result, he was a very
skilled, single-station forecaster.

H. T. - Could you tell us why you chose to
study meteorology and something about
your time at university?
T.M. - I decided to opt for meteorology,
because I was profoundly impressed with the
impact of weather and its vagaries on our daily
lives. When I finished high school, therefore,
I went up to Rapid City, where the South Dakota
State School of Mines was located, and talked
to Harley Johnson, the meteorologist in charge.
As a result of his advice, I went to the School of
Mines to study mathematics and physics. Guy
March and Howard Mclaury taught me mathematics and Car! Watson taught me physics. At
the end of the four years, Prof. Watson, said
that if I wanted to study meteorology there were
two choices: Cal Tech or the Masachussetts
Institute of Technology {MIT). I applied to MIT,
which accepted me and granted me a scholarship. I started there in 1941.
Every summer during my college years, I
worked with the United States Weather Bureau
as an emergency assistant, taking observations
of the sky and clouds, temperature and pressure, and recording them. Those were the days
when all weather data were transmitted by word
codes. Every morning, we used to go down to
the telegraph office and pick up the messages,
insert our own observations in word code and
send them out on the telegraph- there was no
teletype in those days-then plot the weather
maps and Harley Johnson used to make a fore-

cast over the radio. In this way I became famil·
iar with the "nuts and bolts" of meteorology: the
plotting of maps and data, analysis of data and
the preparation of forecasts.

H. T. - Did you ever work as a practising
meteorologist in a government agency or
elsewhere?
T.M. -Yes. I worked as a special consultant
to a private weather service in Boston called
Weather Services Incorporated. We used to
forecast airport conditions for airline pilots and
snowstorms for cities and towns so that they
could get their ploughs out and clear the
streets. During the war years I was sent by the
US Air Weather Service to Cairo, Egypt. After I
left MIT, I was in charge of the weather service
which was established by the Travelers Insurance Company. I had some experience in radio
broadcasting while an assistant professor at
MIT. I used to get up early in the morning and
take a reading, talk to the Weather Bureau and
then make several forecasts on the radio in
Quincy, Massachusetts. The US Weather
Bureau moved its station from the city of Hartford out to the airport. The Travelers Insurance
Company, which had a large 50 000 watt radio
station, decided to have a weather service in
Hartford. They heard my broadcast and asked
me to run it, which I did for several years. I had
six professional meteorologists working for me
and we worked closely with the Weather
Bureau. Ours was the first service in the USA,
or indeed anywhere, to issue probability forecasts. Nowadays, the notion of a 50 per cent
chance of rain is fairly well accepted. During
the first two years the insurance company also
acquired a television station and I did the first
television broadcast. That led me {this was in
the 1950s) to encourage the American Meteorological Society to develop a certification programme for radio and TV presenters. Now this
sort of programme is widespread and there
are scores of radio and TV meteorologists who
are certified radio broadcasters of the American Meteorological Society.

H. T. - What were the other positions you
held in MIT from 1941 to 1956?
T.M. -During the early 1940s, !lectured on
dynamic meteorology as part of an intensive
training programme for the Air Weather Service
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and the Navy. Bernard Haurwitz was a senior
lecturer there: he had one section and I had
another. I was promoted to Assistant Professor
and then given tenure and promoted to Associate Professor. One of the main topics we studied was the relationship of climate to building
construction, in collaboration with Dr Don
Friedman. We worked with architects and city
planners on making use of climate data in the
design of buildings.
Our second main activity was the use of
statistical methods in weather forecasting. With
George Wadsworth we developed methods for
putting pressure maps in mathematical form.
Tchebycheff devised a way of fitting orthogonal
polynomials to weather maps so that it was
possible to quantify a pressure pattern by a set
of numbers. Correlations could then be made
between the weather patterns at any one time
and subsequent pressure, temperature, wind,
etc. For that work we had to invert thirtiethorder matrices using desk calculators, which
was a very time consuming task: we might find
out after two or three weeks that we had made
a mistake and would have to start all over
again. The first high-speed computers were just
beginning to make their appearance and we
soon discovered that it was possible to do in a
few minutes on a high-speed computer the
same calculations that would require a month to
do with a desk calculator. A highly gifted statistician and computer expert, Dr Robert Miller,
worked with me. He became very skilled in
inverting these matrices on the computer and
this work was eventually published in the proceedings of the National Academy of Sciences
in the late 1950s at a special symposium convened by Professor Horace Byers.
My third area of interest at MIT was industrial meteorology-the application of weather
information to decision-making in business and
industry. lt was really that interest which
prompted me to leave a tenured professorship
at MIT and join a private company, which I did
on the condition that we would establish a
research centre as well as a weather service.
H. T. -What were your activities during
the period 1955 to 1970?

T.M. -We became involved in all kinds of geophysical hazards-earthquakes, floods,
drought, etc.-that affect investments and the
cover provided by a large insurance firm. I was

motivated to extend my studies from the atmosphere to the whole range of geophysics and
that led me to involvement in the American
Geophysical Union. I was elected president in
1961 and hosted the general assembly in
Berkeley, California, in 1963. When the company decided to expand its research beyond
geophysics to include marketing and economic
research, I was asked to take on those duties.
As a result I had to become somewhat proficient in economics and market and operations
research. I was not only director of the Travelers Weather Research Center but also director
of research and, ultimately, the senior vicepresident for that activity at the Travelers Insurance Company. We were also interested in
automobile safety; I had the task of revolutionizing the Insurance Institute for Highway Safety
and President Johnson appointed me chairman
of a national motor vehicle safety advisory
council. Another job was to recruit skilled executive development people and develop a whole
process of long-range planning. During the
course of the years at Travelers we established
the Travelers Research Centre, a non-profitmaking concern, which undertook a large project for the Air Force to update weather
forecasting procedures using high-speed computers-this was the precursor of the modernization now well under way in the National
Weather Service.
I had had to extend my field of interest,
therefore, from the atmosphere to geophysics
to economics and the three disciplines
together lead inexorably to environmental
issues: that was how I evolved from being a
meteorologist to a environmental scientist. My
interest in environmental issues was greatly
strengthened by my association with Dr Douglas Brooks, who succeeded Dr Robert White I
as president of the Travelers Research Center.
We established a non-profit-making institution
called the Centre for Environment and Man to
study all related activities.
An important event was my appointment
to serve on the National Academy of Sciences
Committee on Meteorology, which was chaired
by Lloyd Berkner, eo-chaired by Cari-Gustav
Rossby and of which John von Neumann was a
member. lt had been established at the request

I Interviewed in WMO Bulletin 30 (1), p. 15, See also
page 479 of this number (Ed.).
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T.M. - I first become involved in the international scene in 1960 when I went to Helsinki to
the first meeting of the International Union of
Geodesy and Geophysics (IUGG) (I was presi·
dent-elect of the American Geophysical Union).
When I became president of the American
Meteorological Society, I was invited to Canberra, Australia, to make a major address to
the Symposium of Cloud Physics organized by
Taffy Bowen. Then, in 1963, I organized the
IUGG General Assembly at Berkley, California,
and that led me to become involved in the International Council of Scientific Unions (ICSU).
My interest was precipitated by a telephone
call from Jule Charney to say that Dr Wiesner,

who was the science advisor to President
Kennedy, wanted to develop an initiative in the
atmosphere for discussion with M. Khruschev of
the USSR. Richard Goody, Jule Charney and
I met with Dr Rossi, who was one of Dr Wiesner's collaborators, and that was the first glimmer of the Global Atmospheric Research
Programme (GARP). The conversation with Khruschev did not materialize, but President
Kennedy and Dr Wiesner decided that the concept of a global research effort on the atmosphere was sufficiently attractive to introduce it
in a speech at the United Nations in 1961. Herbert Hollomon, who was the Assistant Secretary
for Commerce, and in charge of the Weather
Bureau, asked me to follow that up.
That in turn led to the development, within
the framework of IUGG and ICSU, of the Commit·
tee of Atmospheric Sciences. Bert Bolin3 of Sweden was chairman and I was Secretary-General.
We worked very hard during the period 1961 to
196 7 and joined forces with a committee set up
by WMO. By virtue of a remarkable, imaginative
man from the Ford Foundation, Dr Carl Borgman,
who gave us a grant of US $75 000, we were

2 Interviewed in WMO Bulletin 31 (3), p. 171

3

of Dr Francis Reichelderfer2, who felt the need
to strengthen the research effort of the Weather
Bureau. lt was my responsibility, as chairman of
the drafting committee, to write the report on the
proposed National Centre for Atmospheric
Research~now known worldwide as NCAR.

H. T. - How did you become interested in
the international scene?
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able to arrange a summer study on the island of
Shepparholmen, outside Stockholm, in 1967.
By a special arrangement with the SecretaryGeneral of WMO, Dr D. A. Davies4, we were able
to retain Dr Rolando Garcia5 as executive secretary of our committee.

H. T. - Do you recall who were the mem·
bers on the WMO side of that committee?
T.M.- Kondratiev was a member and another
was Bugaev, the deputy to Fedorov6, head of
the USSR Hydrometeorological Service. Bugaev
was one of the key people in bringing together
·this amalgamation of the WMO and ICSU committees. I should also point out that the intellectual inspiration for that whole effort was
provided by Jule Charney. Jule and I had established a very effective partnership in the development of NCAR and he had been appointed to
take Rossby's place on the Academy committee
in 195 7. lt was Jule's scientific inspiration which
breathed life into the notion of GARP. We both
attended the Shepperholmen meeting and I
remember we discussed who should be on the
Joint Organizing Committee, which was to oversee GARP. We agreed that neither of us should
serve but rather people like Bolin and Bugaev,
and Smagorinsky7 and Suomi8 from the USA.

H. T. -The GARP Joint Organizing Committee was in fact a proposal made by the
ICSU group and the WMO group?
T.M. Yes. We had to work out a treaty
between ICSU and WMO which we did during
the autumn of 196 7, when the IUGG was meet·
ing in Switzerland. I used to commute back
and forth between Zurich and Geneva, because
I was the intermediary between the SecretaryGeneral of ICSU and the Secretary-General of
WMO. I would have to change one word and go
back and change another word and, after
about six trips between Zurich and Geneva, we
arrived at an agreement which laid the basis
for co-operation between ICSU and WMO in
GARP. lt was a historic moment because, while
4 Interviewed in WMO Bulletin 40 (1), p. 5

5 Interviewed in WMO Bulletin 37 (1), p.3
6 Interviewed in WMO Bulletin 30 (4), p. 24 7

ICSU brought in the scientific community, WMO
brought in the enormous strength and capabili·
ties of national Meteorological Services. The
critical meeting, which I chaired, took place in
Lucerne, where I was attending a session of the
International Association of Meteorology and
Atmospheric Physics (IAMAP) and I vividly recall
Rolando Garcia arriving in a little Italian car
loaded down with the reports that had been prepared at Shepparholmen. The presentations
had to be made, first of all, to IAMAP and then
to the IUGG and then finally to ICSU, as ICSU
would not consider it unless IUGG had approved
it and IUGG would not accept it unless IAMAP
had approved it. Bert Bolin made an absolutely
magnificent presentation of the GARP concept.
Dr (now Sir) John Mason, then Director of the
United Kingdom Meteorological Office strongly
opposed the GARP plans and I was concerned
that several years of work were going to be
ruined. However, Dr Reginald Sutcliffe9, who
had served on our ICSU committee, stood up
when Dr Mason finished, and gave GARP his full
support. I had the presence of mind to ask for a
vote and it passed unanimously.
After IUGG, therefore, we went to ICSU
and then we worked out the arrangement
between ICSU and WMO. Among those individuals whose support was particularly crucial were
Dr Alf Nyberg, President of WMQlO, Academi·
cian Fedorov, Dr Mason (despite his initial misgivings!), Dr White and Dr Davies, SecretaryGeneral of WMO. We had splendid support
from Dr Joe Kaplan who was the president of
the IUGG during the 1960s. We also received
great support from the presidents of ICSU,
such as Harrison Brown, and the presidents of
ICSU from the United Kingdom and Canada.

H. T. - Do you think GARP achieved its
objectives?
T.M. - I think GARP was a turning-point in the
evolution of meteorology from something of an
art to a science. The mathematical theory of
the dynamics of the atmosphere had progressed to a stage where data were required to
validate the theoretical notions. Thanks to
GARP, a five-day forecast now has both validity
and some utility. GARP was the foundation on

7 Interviewed in WMO Bulletin 32 (3), p. 277

9 Interviewed in WMO Bulletin 30 (3), p. 169; see also
WMO Bulletin 40 (4), p. 409 (Ed.).

8 Interviewed in WMO Bulletin 36 (4), p. 253

10 Interviewed in WMO Bulletin 33 (3), p.
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which the World Climate Research Programme
was built. At a meeting of the Royal Society in
London, Bert Bolin and I proposed that there
should be a climate programme following GARP.
Again, there were serious questions about the
wisdom of this but the concept was eventually
accepted and the First World Climate Confer·
ence was organized by WMO and held in
Geneva in 1979, chaired by Dr Robert White.
H. T. -What course did your career take
during the period 1970 to 1983?
T.M. -From 1970 to 1973 I was Dean ofthe
flourishing Graduate University of Connecticut.
During this time, I was successful in expanding
the school and introducing long-term planning.
My greatest pleasure was to award graduate
fellowships to promising young students and
then to bestow their hoods when they received
their Ph.D.
In 1973, I welcomed the opportunity to
head the Holcomb Research Institute at Butler
University in lndianapolis as being the kind of
position which would permit me to devote more
time to the international dimensions of my inter·
ests. We established a major centre for groundwater modelling and were involved in the
application of environmental issues to developing
countries. We sponsored a major conference in
Nairobi, Kenya, in 1975 and published a major
book in a pioneering effort to bring together the
interests of the industrialized countries in the
environmental problems and interests of developing countries. The continual conflict in the devel·
aping world over economic growth and the
preservation and quality of the environment was
forthrightly addressed in Nairobi, where, by that
time, Maurice Strongll was Director-General of
the United Nations Environmental Programme.
I became chairman of the NCAR Board of
Trustees. We changed the direction of NCAR and
brought in Francis Bretherton as its new director.
I had been a principal author, together with
Roscoe Braham and Bill Van Arx, of the Blue
Book, which constituted the guidelines for NCAR.

H. T. -What happened after 1983?
T.M. - In 1983, I reached the statutory retirement age of 65 and became Director Emeritus
11 A statement by Mr Strong is contained in Climate

Change-Environment and Development-World
Leaders' Viewpoints (WMO-No. 772), p. XV

of the Holcomb Research Institute. I returned
with my wife to Hartford, Connecticut, where we
had many friends and our children and grandchil·
dren. I thought I would be moving into serene
retirement but it was not the case. I had developed a very keen interest, beginning in the early
1980s, in the global environmental issue. Stimulated by some interaction with Herbert Friedman
of the National Academy of Sciences and
Richard Goody at Harvard, I went to a meeting
of the Executive Board of ICSU in Stockholm in
the spring of 1983 and proposed that we
should develop a major programme on the
global environment. That was followed up in
July of the same year by a meeting of the General Committee and as a result I was asked to
eo-convene an international symposium on the
global environment in Ottawa in 1984. We drew
up plans for that meeting, which was attended
by 400 people, and commissioned a series of
papers. As a result of that meeting, ICSU
decided to embark on an environmental programme which was known as the International
Geosphere-Biosphere Programme (IGBP).
H. T. - Before we talk about the IGBP,
could you please tell me what other contacts you had with the US National
Academy of Sciences?

T.M. - I was chairman of the Geophysical
Research Board of the National Academy of
Sciences and we established a series of geo·
physical studies which turned out a milestone
report on energy and climate entitled Energy
and Climate. I also organized and chaired a
special report for the State Department in
order to prepare the USA's position for the
United Nations Conference on the Human Envi·
ronment in Stockholm in 1972. The Geophysical Research Board prepared continuing
assessments of promising studies in Geophysics under the Geophysics Study Commit·
tee, which I chaired with Dr Philip Abelson, who
was the editor of Science magazine.
The National Academy of Sciences has five
officers: president , vice-president, home-secretary, treasurer and foreign secretary. Roger
Revellel2 and I were both appointed deputy foreign secretary under Harrison Brown and I
became involved in the activity known as the
Board on Science and Technology for lnterna12
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tional Development, which dealt with the application of science and technology for the improvement of life in developing countries. At the
end of that period, in 1978, I was elected foreign secretary; Dr Philip Hendler was president.
When I was elected Foreign Secretary of
the National Academy of Sciences in 1978, we
set up a Committee on International Security
and Arms Control to bring together scientists
from the USSR and the USA. This was the precursor of an important study I undertook in
1983 to examine the environmental implica·
tions of a nuclear war. I had become quite convinced that this topic needed deep scrutiny and
was able to persuade Sir Frederick Warner of
the United Kingdom to chair this committee.
We also had people like Dr Gilbert White and
the president of the Swedish Academy of Sciences. Altogether, several hundred scientists
from all over the world contributed to the study
and a two- volume publication was pro duced
which said that the effect of a large-scale
nuclear exchange would be traumatic: temperature would be lowered sufficiently to inhibit
food production in the non-involved countries
so that, apart from the devastation caused in
the combating countries, the loss of life everywhere else would be many, many times greater
because or starvation. This scenario was contested at the time and nuclear winter became
quite a controversy but the scientific basis for
the environmental impact of a nuclear war had
been established. I subsequently participated
with George Golitsyn from the USSR in a United
Nations study, the report of which was adopted
unanimously by the United Nations.

H. T. Within ICSU you were very active in
establishing in 1970 the Scientific Corn·
mittee on Problems of the Environment
and you became its first Secretary-General. Could you please expand on this?

T.M. - I encouraged two members of the
ICSU Executive Committee-Prof. Don Farner,
president of the International Union of Biological Sciences and Dr Jean Coulomb, president
of the IUGG-to propose to the Committee
meeting in Paris in 1968 that ICSU should
develop an initiative on the environment. That
led to a study committee which reported at the
International General Assembly of ICSU in
Madrid, Spain, in 1970 and that is when
SCOPE was actually born. lt was charged with

Tom M alone in Rio de Janeiro, llrazil, June I ()92; Sugarloaf Mountain is in the background

assessing the state of the world environment,
indicating promising lines of research, and carrying out a continuing review of developments
in potential hazards associated with changes in
the global environment. We organized a monitoring centre, called MARC, at the University of
London. Gordon Goodman from the United
Kingdom was the first director. Over the years,
SCOPE has issued about 30 assessments of
different aspects of the environment ranging
from nuclear war to stratospheric impact to
biological invasion-almost a catalogue of the
kind of environmental problem which are now
engaging worldwide attention. I think SCOPE
was the result of an awareness of the need for
an institutional mechanism to carry out a continuing assessment.
More and more interest now is directed
towards this task, which was brought sharply
into focus by the book Our Common Future,
published by the World Commission on Environment and Development (WCED), under the
chairmanship of Gro Harlem Brundtland of Norwayl3. it pointed out that it was time to reexamine our disciplinary capabilities and
institutional arrangements, which had not kept
pace with the rate of change. The UN Conference on Environment and Development in Rio
13 Prime Minister of Norway; interviewed in Climate
Change-Environment and Development-World
Leaders' Viewpoints (WMO-No. 772), p. 113
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de Janeiro in June 1992 evolved from that. In a
sense, SCOPE was the voice of the scientific
community during the period from 1970 to
1990. Eric Smith from the United Kingdom was
the first president and I was the first SecretaryGeneral. Victor Kovda succeeded Eric Smith
and he and I travelled around the world together, stimulating interest in this activity. lt was
a challenge and an inspiration to work with Victor, who was one of the great soil scientists of
our generation.
SCOPE was influential in arrangements to
convene an important WMO/UNEP/ICSU meeting in Villach, Austria, in 1985 on the role of
carbon dioxide and other radiatively active constituents in climate variations and associated
impacts. Several dozen scientists from all over
the world gathered to assess, for the first
time, the issue of global warming. The most
important outcome of that study was a statement calling the attention of policy-makers to
the issue. That in turn led to the establishment
of the WMO/UNEP Intergovernmental Panel on
Climate Change (IPCC), an organization which
prepared a massive report presented at the
Second World Climate Conference in 1990 in
WMO in Geneva. But it was the Villach Conference which was the first manifestation of the
deep concern of non-governmental scientists

and which called the attention of governments
to the urgency of addressing the problem
which is now the subject of widespread international interest.

H. T. -What about the UN Conference on
Science and Technology for Development
which was held in Vienna in 1979?

T.M. -The Vienna conference followed
another that was held in Geneva in 1963 on the
issue of how science and technology can assist
in the economic growth of developing countries
and we felt that, this time, non-governmental
organizations should have a voice. I was a
member of the US delegation to Vienna that
was chaired by Fr. Ted Hersbergh, president of
Notre Dame. In spite of his valiant efforts, the
Conference on Science and Technology for
Development did not have great impact. In comparison to the Environmental Conference in
Stockholm in 1972-which gave birth to the
United Nations Environment Programme and
was a great stimulus to all the organizations of
the UN family concerned with aspects of the
environment-it was a failure. The problem
identified there is now the problem which is
before the Conference on Environment and
Development in Rio de Janeiro. The Secretary·
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General, Maurice Strong, who was the key to
the success of the Stockholm Conference is
now the Secretary General of UNCED and I am
persuaded that UNCED will not repeat the experience of the Vienna conference but rather that
of the Stockholm conference.

H. T. - Now perhaps we could return to
the International Geosphere-Biosphere
Programme?
T.M. -The thrust of the IGBP is to describe and
understand the great interacting biological, chemical and physical systems that determine the
unique environment for life on planet Earth and
also the perturbations that human activity produces in these cycles. Without a good knowledge
of these cycles we would be hard pressed to
understand how human activities perturb them
and ultimately change the environment.
The idea for the IGBP was first planted at
the meeting of the ICSU Executive Board in
Stockholm in 1983. The words that were used
were: "Earth is a planet characterized by
change and now we are entering a unique
period in which the human species has developed a capability to influence change on the
greatest- i.e. the global-scale." The idea led
to a symposium in Ottawa and a task force
was established to define the programme and
to present it to the next General Assembly of
ICSU in Bern, Switzerland, in 1986, where it
was adopted. The Secretariat was established
in Stockholm. I was a member of a little group
which was established to select the steering
committee; Jim McCarthy of Harvard was
selected to be chairman and Thomas Rosswell
of Sweden, Secretary-General. A distinguished
international committee has been established
and over 40 countries now participate.
H. T. -Is there one aspect of the IGBP
which interests you in particular?

T.M. -One of the activities of IGBP in which I
have been very much involved is the Study at
the Bellagio Conference Centre in Italy, maintained by the Rockefeller Foundation. I chaired
a group, which met there shortly after the Second World Climate Conference, in 1990, to consider the kind of institutional arrangements
which would rectify some of the asymmetry in
research between the developed and the developing countries. Our world is so diverse in its

cultural, ethnic, ideological and demographic
characteristics that to think that one pattern
would be applicable to all the Earth is unrealistic. We know that the changes in the global
environment are driven by two forces: exponential growth in population and exponential growth
in the energy- and technology-driven economy.
The number of people is doubling every few
decades as is the production of goods and services per person. lt is the increasing load
imposed on the biosphere by exponential
growth that is degrading the quality of the environment and sapping its carrying capacity.
There is asymmetry also between demographic and economic growth. For example,
for every individual added in the developed
countries, there are about 20 more added in
the developing countries. But for every US dollar of growth in the developing countries there
are US $20 of growth in the developed countries.The aggregate demand per person on
planet Earth is therefore greater in the developed countries than in the developing countries. At present we have five billion people on
planet Earth; one billion of those are in the
developed countries and about four billion are
in developing countries. We have to envisage
what might be the outcome in a hundred years,
given exponential growth.
One scenario is that the population
remains stable in the developed countries, i.e.
there will still be one billion people and, estimating a modest economic growth of 1 per
cent per year per person for production of
goods and services, the economic output per
person, which is now about US $18 000 per
person, will rise to US $50 000. That is about
50 trillion dollars of economic activity.
On the other hand, the population of the
developing countries, which is now four billion, is
growing at about 2 per cent. If we assume that
that rate will be reduced over 100 years to 1 per
cent, that still gives a population of about 10 or
11 billion people. If, however, the economic
growth per person is 2 per cent-which is more
than in the developed countries because they will
be becoming industrialized- then the per caput
income will be about US $6 000 and their aggregate economic output will be in the neighbourhood of US $60 trillion. In other words, a world
which now has a population of five billion and an
economic output of US $20 trillion, will, in the
year 2100, have a population of 12 billion and an
economic output of US $120 trillion but the eco-
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nomic output per person in the developing countries will not have caught up with that in the developed countries. The task before the world is to
determine how to reconcile economic growth
with population growth, how to reduce the
inequity and yet not exceed the carrying capacity
of planet Earth. The way we analyse this situation.
today, and the decisions we make today, and the
actions we take in the 1990s will be decisive for
the state of the world in the 21st century.

H. T. - On the occasion of the forum,
Global Change and the Human Prospect,
you said that a powerful message could
be conveyed by seeking the answers to
three basic questions: What kind of world
do we have?; What kind of world do we
want?; and What must we do to attain it?
What are your views on these issues?
T.M. - What kind of world do we have? it has
been calculated that we may have a six-fold
growth in the demand upon the the biosphere,
while we are at present using, diverting or
wasting, about 40 per cent of the total synthetic productivity of planet Earth. We therefore
have an inequitable society making unsustainable demands upon the world's environmental
resources.
What kind of world do we want? We want an
equitable society with a sustainable environment, a world that meets the needs of all people
and a reasonable level of their wants, without
placing in jeopardy the basic needs and some
reasonable level of wants for future generations.
What must we do to attain it? We have to
stabilize population and transform our energyand technology-driven economy into one that
does not result in unacceptable environmental
change. That means increasing the economic
affluence of the Third World and raising the
role of women. Above all, it means raising the
knowledge level in the Third World, because
although the population and economic activity
are doubling every few decades, the total fund
of knowledge is increasing even more rapidly.

H. T. - So you believe that education and
training are vital elements in the public's
awareness of the importance of environ·
mental protection?
T.M. -it is the fund of human knowledge and
the integration of that knowledge, which is the

central issue before the world today. Education
and training are at the very heart of the problem. If the industrialized nations have become
so successful in the production of goods and
services and therefore affluent, it is because
they have increased their knowledge of matter,
energy, life processes and information. Far
more important than transferring technology or
finances from the developed to the developing
countries is the task of education and training.
Every scientist in developed countries ought to
devote a fraction of his time to helping improve
the educational and training standards in developing countries. it is probably the most important responsibility of developed countries
towards developing countries.
A global system of regional research networks should be established, which would bring
together the various disciplines: physical, social,
life and engineering sciences as well as the
humanities, since it is clear that values and
ethics must also be included. The basic notion
is to achieve a habitable planet Earth through an
array of habitable regions, as promulgated by a
study at the Bellagio Study Centre called the
System for Analysis Research and Training
(START). We must foster the enhancement of
knowledge and a policy formulation which follows from that enhanced knowledge at the local
level because the solution to all our problems in
the last resort depends on the individuals, who
makes his or her decisions at the local level,
even if they have a global influence. First of all,
we have to put in place the institutional mechanisms which will address this problem of extend·
ing, integrating, disseminating and applying
knowledge. Institutions are not creative, only
individuals are. But we need institutions which
will release creativity and imagination. That is
the challenge confronting the three sectors in
our society: firstly, the knowledge sector, ,.i.e.
the research community, the atmospheric scientists, the constituents of WMO; the second is
governments, because they are responsible for
the common well-being; and the third is business and industry, because this is the sector
which is the most effective to meet the needs
and some of the wants of individuals.

H. T. -What you are advocating, in fact, is
a change in the way we think?
T.M. -We have to forge a new partnership
among these three sectors. Instead of advocat-
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ing environmental action, then legislating, then
regulating, then litigating, we need to weave
these altogether in a coherent and responsible
approach to reconciling the need for economic
growth while preserving the quality of the
human environment. lt does indeed mean a profound change in the way we think-1 call it
metanoia. Meta is a Greek word which refers to
the metre marking the turning point in a race·
noia means mind. Albert Einstein said at the '
onset of the nuclear age: "Everything in the
world has changed except our way of thinking".
We have to distinguish between the two words
"more" and "enough". We have to recognize '
that there are basic needs that must be met
and wants that must be constrained. We are
moving into an era of global interdependence
of an unprecedented kind and none of us can
satisfy all his wants if the needs of the rest of
humanity cannot be met. lt has been said that
the Earth provides enough to meet our needs
but not enough to meet our greed.
In this year of 1992, when we are observing the 500th anniversary of Columbus's voyage of discovery, we can look back and see
how the world has changed in the last 500
years, which is 1 per cent of modern man's
tenure on planet Earth. The year 2492 will be
the thousandth anniversary. We might stop and
ask: "What will historians think about the 20th
century five hundred years from now?" When
they are reflecting on 1492 and 1992 and
what it means in 2492, will they hail the 20th
century as the time man split the atom, landed
on the moon, discovered DNA14 or the time he
tolerated the holocaust? What events will characterize the 20th century? I suspect that
thoughtful historians in 500 years from now will
decide that, prima, it was the first time since
the dawn of civilization when activities of the
human race had developed to such an
extent-more people producing more goods
and services-that it began to influence the
global environment; secunda, they will say that
the increase in our knowledge in the last few
hundred years has brought us to a point where
the human race thought it possible to bring the
benefits of that knowledge to all.
14 Deoxyribonucleic (two-deoxyribose sugar) acid
whos.e bases are thymine, cytosine, guanine and
adenme. DNA plays a central role in protein
synthesis and the transmsision of hereditary
characteristics ("genetic fingerprinting").

H. T. - How do you perceive the role of
the meteorologist in all this?

T.M.- The scientific community in general
has a great responsibility and the meteorological community in particular, because in a
sense it is the custodian of the most sensitive
part of the biosphere-the atmospherewhere the cycles of oxygen and carbon and
sulphur and phosphorus take place that maintain all kinds of life. The scientific community
mu~t a~cept some kind of a leadership role in
env1sagmg the kind of world we want and
determining what we must do to achieve it.
By creating the IPCC, WMO and UNEP have
faced up to their responsibilities but the
meteorological community has still to dismantle the barriers separating the physical from
the biological sciences and the physical and
biological sciences from the social sciences
and the physical, biological and social sciences from the humanities, which stress ethical considerations and value considerations.
The broadening of the reach and influence of
the meteorological community is therefore
vital. lt requires a vision but I would remind
you that in the Book of Proverbs in the Bible
the statement is found that "where there is no
vision the people perish". Our community has
from time to time exhibited great vision in
extending the frontiers of our knowledge and
now an even greater challenge faces us, i.e.
to help society-each of us-envisage the
kind of world that he/she wants and then
work unrelentingly towards achieving that.
H. T. - In your view, what sort of institutional arrangements are needed to ensure
interdisciplinary research?

T.M.- The issue is simply this: how can one
nurture or foster an interdisciplinary programme within a university structure, which is
intrinsically disciplined or departmental oriented? New kinds of institutions, institutes, cen·
tres, schools, etc., are required within our
university structures. Implications for the way
the research community, the governments and
private business and industry interact are far·
reaching. They must be allowed to work in concert so that they will come to agreement on
courses which should be pursued. lt is within
this framework that that interdisciplinary work
will flourish most readily.

201

H. T . - If you had to single out one or two
human activities which have contributed
most to environmental deterioration, what
would you choose?

T.M. -The principal human activity which
poses serious problems to global environment
is the use of fossil energy. Over the years, man
has learned to extend the work performing
capability of the human muscle: first by using
animals, then by burning wood, then by burning
coal and oil. The multiplication in the work-performing capabilities of the human muscle has
been fantastic but the price we have paid has
been the emission into the atmosphere of the
residues from the burning of fossil fuels and
the possibility that there will be an unacceptable degree of global warming. One of the primary tasks for the 21st century is to seek
alternative ways of employing energy to
enhance the effectiveness of the human body
in a way that does not degrade or destroy the
global environment We not only have global
warming but also acid deposition. They are
both by-products of this enormous capability
which science and technology have put into our
hands and now we have to develop alternative
methods and decrease the impact of fossil fuel
use. My belief is that, over the next 100 years,
we will move towards a system where a photovoltaic cell captures solar energy and converts
it into hydrogen. it will be a long and arduous
task, but we will have a solar-hydrogen economy instead of a fossil-fuel economy.

H. T. - Developing nations are facing the
problem of reducing poverty. Do you
believe that economic growth and environ·
mental integrity are unavoidably contra·
dictory to each other?
T.M. - No. I am persuaded that we can promote economic growth without destroying the
quality of our environment. lt does mean that we
are going to have to find alternative ways to provide the energy which powers the economy and
promotes economic growth. We have instances
of developing countries in South-East AsiaKorea, Taiwan and Singapore, for examplewhere economic growth has been stimulated.
The efficiency of our energy use must be increased, and the natural processes whereby the
residue of one part of the process becomes an
input for a subsequent process in the production

of goods and services must be simulated:
Nature never wastes anything. For the first time
since the dawn of history, we have within our
reach the possibility of alleviating poverty by raising the provision of basic needs for food, clothing and shelter to a minimum level.

/-1. T. - lt is widely believed that expenditure on environment is an investment for
the future. Do you agree that assistance
to developing nations to protect the environment should be viewed in this way?
T.M. -The aspirations of both the developing
and developed countries must be brought into
harmony. Developed countries can accelerate
the development of the developing countries,
which is in effect an investment for the future of
the developed countries. That realization is just
beginning to take firm root in people's minds.
H. T. -How do you envisage the future of
meteorology and meteorologists?

T.M.- The future of meteorology is more
attractive than at any time in the 50 years that
I have been involved in the field. The emer·
gence of the environmental issue in both developed and developing countries focuses
attention on the atmosphere. The study of the
atmosphere, its use and management, is a
special responsibility of meteorologists.
Prospects are virtually unlimited. The only limit·
ing factor is the imagination brought to bear on
perceiving these possibilities and the determination to pursue the avenues which lie so
clearly ahead. In other words, attention is now
focused on this aspect of society and the
meteorologist is in a marvellous position to
make a contribution to knowledge and society.
H. T. - Could you tell us about some of the
most unforgettable events of your professional life?

T.M.- The most important event of my life as
a whole, of course, was my marriage to my
wife, Rosalie.
In my professional life, however, the first
highlight was the opportunity to assure that
funding for the National Centre for Atmospheric
Research went ahead. Funding was in jeopardy
because of certain allegations in Congress. I
had the opportunity to convince Congressman
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Teague from Texas that everything was alright.
lt was a very modest sum of money involvedonly half a million dollars- but if that had not
been approved, there never would have been a
National Centre for Atmospheric Research and
several years of my professional life would
have been in vain.
The second highlight was the one in 1967
when the decision was taken to go ahead with
the Global Atmosphere Research Programme,
ensuring that six years of rather intensive activity were now on their way to fruition.
The third most important event in my life
was the unanimous acceptance by the United
Nations of the report of a special United Nations commission on the environmental implications of a nuclear war, on which I served,
which said that a large-scale nuclear exchange
was simply unthinkable.
The last highlight was in November 1991
when I was invited to Assisi in Italy to receive
the International St. Francis Prize for my work
in initiating and organizing international, interdisciplinary research programmes. My role in
life has been not to make great intellectual
developments but to help people who had
greater talent than I to work together on these
projects. When the jury, composed of 12 eminent scientists from eight different countries,
nominated me for that award, it was the satisfaction of my professional lifetime. lt probably
meant more to me than any other single event.
H. T. - You have received so many awards
and distinctions that it is very difficult to
mention all of them here. Which of them
do you value most?

T.M. -After the International St Francis Prize,
the most meaningful was the IMO Prize (in
1984), because it was awarded in recognition
of my life-long dedication to global environmental issues.
H. T. - You have known many famous sci·
entists in your lifetime. For whom do you
have the highest esteem?

T.M. -That is a difficult question to answer
but I would say there are three people who
have exercised a profound influence on my
work. One was certainly Cari-Gustav Rossby.
I did not know him well and never studied
under him but I had the opportunity of work-

ing with him in the 1950s. He has been an
inspiration to everyone in the field. The second person was Henry Haughton, who was
the chairman in my department at MIT, a
wise and fatherly figure, who guided me in
many ways in my professional development.
The third was my good friend Jule Charney,
with whom I worked intimately in the development of NCAR and GARP. I would also like to
mention Lloyd Berkner, who was a role
model. He was not a meteorologist in the
strict sense of the word but a geophysicist.
He preceded me as president of the American Geophysical Union.
H. T.
You are universally considered the
father of the famous textbook Compendium of Meteorology. Could you tell us
something about it?

T.M. - I had just completed my doctoral
studies at MIT and was teaching there as an
associate professor when the committee of
the American Meteorology Society invited me
to edit an analysis of the state of knowledge
at the middle of the 20th century and some
indication of the directions which might be
pursued in the following 50 years. lt was perhaps the most exciting educational experience of my whole life to have to read and
study carefully nearly 100 papers by individuals eminent in the field of meteorology all
over the world. The two years it took to finish
I regard as two of the most fruitful years of
my professional endeavours.
H. T. - You are very much involved with
the Sigma Xi society. Would you tell readers something about it?

T.M. - Sigma Xi is a scientific honour society
which was established in 1886 at Cornell University and is now based here in Research Tri·
angle Park. lt has grown over the years and
now has more than 100 000 members and 500
chapters and clubs scattered all over North
America. lt observed its centennial in 1986 in a
major meeting at the National Academy of Sciencas in Washington. As well as publishing a
fine scientific journal, American Scientist, it provides grants and aid to young people starting
out on a research career, sends lecturers
around the country and is committed to honouring accomplishments in science.
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nation of temperature, waterflow and productivity that were perturbed by that climatic
anomaly. lt is a different approach from that of
using global climate models to assess a
regional impact and could have great applica·
tion all over the world in assessing the impact
of climate change.

H. T. -Your wife and family play an important role in your life. Could you say a few
words about them?

1-I.T. - What are your plans for the immediate future?

Tom and Rosa lie Malonc

T.M. -My wife and I met when I was studying
engineering at the South Dakota State School
of Mines and Technology and she was a
schoolteacher there. We married shortly after
I went to MIT. We had six children and now
have 15 grandchildren (by the end of 1992, if
all goes well, we will have 16). They are a
great joy and comfort to Rosalie and me. My
wife has been a source of inspiration and support in my professional lite. She is my most
severe editor; her contribution to my written
work is invaluable.
H. T. -What are you doing nowadays?

T.M. -I have co-edited a book on global climate change containing material which was
presented at the symposium in Ottawa in 1984
and helped design the IGBP research pro·
gramme. I have also submitted for publication
a joint paper with my colleague the economist,
Dr Gary Yohe, which summarizes the study a
group of us made on the impact of a climate
change on four mid-western states. We took
the drought and high-temperature years of the
1930s and looked at the integrated impact
across all economic parameters of the combi-

T.M. - I had thought about retiring but that
doesn't seem to be a very attractive career! At
present, I am director of the Sigma Xi Center,
which brings together scholars from all over
the world to address those issues where science, technology and society intersect and
interact. We feel that some of our best minds
should now turn to addressing societal impacts
of the world we live in. I also work with North
Carolina State University. My efforts there have
been to help the Department of Marine, Earth
and Atmospheric Sciences to develop a really
first-class programme. We are establishing
there the Institute for Environment Technology
and Development. By interacting with other universities and research laboratories, both public
and private, in the Research Triangle Park, the
state government and the business and industry sector, we will have an opportunity to dem·
onstrate how a state-a confined region- can
address its own problems in the context of
national and international issues. it is in the
local arena that the most exciting developments are going to happen over the next few
decades. I may not be here to see the fruition
of all these efforts but it is exciting to be a part
of such an adventure.

H. T. -Thank you, Professor Malone, for
giving me your time for this interview and
I hope your scientific life continues successfully for many more years to come.
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C. C. Wallen

Cart Christian Wallen-known to his friends as
CC-was born in Stockholm on 17 August
191 7. it was through the efforts of his father,
Axe/ Wal/en, that the Hydrological Bureau (of
which he was Director) merged with the
Meteorological institute to become what we
now know as the Swedish Meteorological and
Hydrological institute (SMHI). Axe/ Walten was
its first Director-General.
His father's sudden death left the family in
financial difficulties. CC had not yet finished
school, and it was thanks to the intervention of
family friends that he was able to continue his
studies.
At university, CC studied geography under
Prof. Ahlmann. After graduation in 1940, his
first full-time job was at the SMHI and he was
fortunate to have Prof. Tor Bergeron as his
supervisor and friend. During the academic
year 1946-1947, CC wentto Chicago on a
special fellowship to study meteorology: the
magnet which drew him and many other
famous meteorologists there was Prof. C. G.
Rossby. Back in Sweden, CC obtained his
Ph. D. in 1949, becoming Assistant Professor
at the university in 1950. That same year, he
embarked on his career in international activities, which has continued ever since.
In Mexico in 1954, while on a technical cooperation assignment for UNESCO, he met a
young mathematician called Ju/ian Adem. At
CC's instigation, Julian went to Sweden to study
meteorology with Rossby, and worked closely
with the great man for several years before
going to the USA to work with Jerome Namiasl
in the field of long-range forecasting. (Ju/ian
Adem subsequently became Director of the
Geophysical institute in Mexico and is today
Director of the Centre for Atmospheric Sciences
at the National University of Mexico.)
CC became Deputy Director-General of
SMHI in 1963 under Aft Nyberg2 and carried out
I

2
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various assignments for WMO, including a Special Fund project in Peru.
In .1968, CC accepted a post in the WMO
Secretariat in Geneva. Although his daily duties
covered a wide range of scientific fields, his
main interests were climatology, applications of
meteorology and the socio-economic aspects of
climate change. His involvement in the environmental aspects of meteorology was inevitable:
he played an important role in the organization
of the UN Conference on the Environment
(Stockholm, 1972); and from 1976 to 1980 was
the main liaison officer between WMO and UNEP.
CC was executive editor of the famous
Swedish scientific journal Tellus (1947-1953);
regional editor, Agricultural Meteorology
(1963-1973); and editor, European volumes,
World Survey of Climatology (1966-1977). He
was president of numerous societies in Swe-
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den and was vice-president of the WMO
Commission for Climatology from 1960 to
1968. He has participated in many international meetings and is the author of many
technical and scientific papers dealing with
climate changes, rainfall, acid rain, agriculture,
agroclimatology, etc.
Dr Taba first met C. C. Wallen as a young
meteorologist training at SMHI in October 1950
and recalls that, as a bachelor, Dr Wallen was
extremely popular with the young ladies of the
Institute! He married in 1959 and a daughter
was born in 1960. Unfortunately, Mrs Walfen
died unexpectedly in 1981.
We would like to thank CC for according
us this interview, which took place in Geneva in
December 1991.

this as it gave me a broad grounding in the
humanities which I would not have had in a
school where only science was taught.
I was never very interested in school, however; I always found it boring. I muddled
through but never had very good marks,
despite my father's influence and the fact that
I read a great deal.
Sometime around 1923, my father and
mother participated in a meeting of scientists
from the Scandinavian countries in Gothenburg.
Albert Einstein was invited and I remember
them telling me that they had spent an entire
day with him, sailing. I was only six years old at
the time, but I have been fascinated by Einstein
ever since and have a good collection of books
by him and on him.
By virtue of my father's profession, I lived
with meteorology and geography practically
since birth. During the 1920s, for example, my
H. T. - Please start by telling readers
where you were born and something about parents invited many famous scientists from
both Sweden and other European countries to
your family.
our house and my interest in science in general
C.C.W. -I was born in the summer of 1917, in increased as a result. Sven Hedin, for example,
Stockholm, to which my parents had moved
was a famous explorer of Asia and Gerard de
from Gothenburg. This was during the First
Geer was a professor of geology who devel·
World War, and food was scarce because,
oped the concept of Ice Age chronology. They
although Sweden was neutral, surplus supplies
were among the most well-known Swedish scihad been sent to Germany during the first years entists of the time. There was also Prof. E. de
of the war and in 1917 there was little left. As a Martonne, the French geographer, and Prof.
baby, however, this did not affect me and in pic- Sydney Chapman, who was the president of
tures taken in 191811ook quite healthy!
the International Union of Geodesy and GeoAt the time of my birth, my father, Axel
physics (IUGG). (The IUGG held its assembly in
Wallen, was Director of the Hydrological
Stockholm in 1930, and my father was the
Bureau in Sweden, which had been created in
Secretary of the Organizing Committee.)
1907. One of his achievements was to merge
the Meteorological Institute, which had been
H. T. -What was your introduction to
created in 1873, with the Hydrological Bureau
meteorology?
and he became Director-General of the two
institutes on 1 January 1918. My mother was
C.C.W.- As I grew older, I drew closer to the
the daughter of a judge in Gothenburg. We
fields of geography and climatology. During my
were four children: I had an older sister and
last two years at school time, from 1933 to
two younger brothers and I remember my
1935, we had to carry out a study on a chosen
childhood as being very happy.
subject and write a short thesis. My father
arranged for Anders Angstmm3, who was a subdirector of the Meteorological Institute, to assist
H. T. - Your father must have been an
me in my choice of subject, which was the study
influence in your scientific leanings: what
of solar radiation conditions in a closed forest
course did your education take?
stand. He gave me the necessary instruments
C.C. W. - I started school in 1923. After three and I made measurements at different times of
years in a preparatory school, I went to a boys' the day of the incoming solar radiation in a forest
school in Stockholm, where I studied Latin and
in the Stockholm archipelago, where we had our
the classics as my father had done before me
in Gothenburg. I have always been grateful for
3 Interviewed in the WMO Bulletin 35 (2)
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summer house. Angstr0m presented the results
of these measurements to the next meeting of
the IU.GG and they were published in the proceedings in 1935-my first scientific article!

H. T. - Did you have any other practical
experience in the field?
C.C.W.- My last year at school, 1935, was a
sad one: my father had a stroke in February
and died. He was only 58. This was a grei')t
unexpected blow to the family but also for the
meteorological community. He had been designated President of the International Meteorological Organization, the forerunner of WMO, that
same year. His colleague and close friend, Dr T.
Hesselberg of Norway, became President instead.
That June, with the help once more of Dr
Angstr0m, I began my first much-needed job as
an observer at the oceanographic station on
the island of Borni:i, off the west coast of Sweden. The director was Dr Hans Pettersson, professor of oceanography in Gothenburg.
An assistant, who was considerably older
than me (I was only 17), ran the station when
Pettersson was not there. When I arrived, he
immediately left the station to my care. As well
as making certain observations and changing
the paper on instruments every day, I had to
check old salinity and temperature reportsmy first experience of working with climatological records.

H. T. - When you went to university, it
wasn't to study meteorology,however?
C.C.W. -In the autumn of 1935 I went to
Stockholm University to study geography with
Prof. Ahlmann, head of the Geographical Institute there. The 14 years I spent in this institute
constituted an extraordinarily interesting and
fascinating period of my life. Prof. Ahlmann
was an interested and helpful teacher. He had
also been a good friend of my father's and
I had known him as a child. I therefore had a
very special relationship with him during the
whole period of my studies.
From 1936 to 1942, I spent one or two
months every summer as a stand-in observer at
the Observatory of Riksgransen H1 northern Sweden. Such thorough training in weather observations was a good basis for further studies in
meteorology, but I continued with geography
and, until1939, when war broke out, physics

and mathematics. I was called up for military
service at the beginning of December 1939 and
spent most of 1940 in northern Sweden in what
was called "neutrality guard"- guarding Swedish neutrality. Nothing serious happened to us,
which was just as well, because I don't think we
could have done very much to stop an enemy!
I returned to university in the autumn of 1940
and graduated in geography, mathematics and
physics the following year.

H. T. - But you became a meteorologist
nevertheless?
C.C.W.- That autumn, I started my first fulltime job within the Meteorological Service as
First Meteorological Assistant. I realized, of
course, that if I was to continue in the meteorological field, I would also have to study meteorology, Dr Tor Bergeron, who was Associate
Professor at the University of Stockholm and
examiner in meteorology (there was as yet no
full professorship), was also First State Meteorologist at the Meteorological Service. I worked
closely with him, often as his assistant forecaster, at the same time as I was studying. In
1943 I took my exam in meteorology-a rather
severe one-with a written part from 8.00 a. m.
to 5.00 p.m. and a one-day oral examination.
A severe examiner, Tor Bergeron was a fascinating and gifted person, who had been one of
the leaders of the Bergen school in the 1920s.
He, his wife and I became close friends.
In 1943 I was employed full time as a
meteorologist by the Meteorological Service in
the forecasting section of the airport and in the
general forecasting section. I also worked in
the climatological section on temperature and
precipitation reports, which I had to examine
one after the other to make sure that no temperature had been registered during the day
that was higher than the maximum or lower
than the minimum-an incredibly boring job.
Luckily, however, I shared an office with G0sta
Liljequist, who later became professor at the
University of Uppsala, and who was similarly
bored. We were both engaged in some scientific work in which we were much more interested but as this was not allowed during
working hours, we had to hide it and only bring
it out at suitable moments.

H. T. - How large was the Meteorological
Institute in those days?

207

Dr and Mrs Wallen: (above) with Prof. Gordon Manley
in London during CCI-III (December 1960); and (right)
with Lionel Smith in Geneva during Sixth Congress

(April, 1971)

C.C.W.- At the time of my father's death in
1935, 1 think the staff numbered between 30
and 50. His successor, Slettenmark, was a
most economical man. When I joined the Service he called me in and welcomed me and
said, that he had recently lowered the salaries
of the meteorologists by one grade as he felt
young people would learn to manage their
financial resources better if they had less
money. As a result of that sort of approach,
meteorology in Sweden did not progress much
during his time. One of those opposed to the
slow development was the president of the
Staff Association, Alf Nyberg, who later
became President of WMO. He started campaigning to improve the situation and eventually the Government arranged for a general .
overview of the Meteorological and Hydrological Service and its structure was changed
slightly in 1945.
.
The original structure had a meteorological bureau and a hydrological bureau, each
with a director and the general director at the
top. In 1945, the name of the Service was
changed slightly and the chiefs of bureau ~ere
promoted. In addition, special non-academic
courses for meteorologists (Class 2) were
introduced in order to increase the number of
forecasters for the expanding civil aviation.
A little later, in 1946 or 194 7, the Gove.rnment
requested Professors Ahlmann and Nonnder
(professor of thunderstorm studies in Uppsala)
to undertake an academic review. Their pro·
posal was that Prof. Carl G. Rossby, who.had
been in the Service in the early 1920s pnor to
becoming professor at the University of
Chicago, should be brought back to Sweden to
stimulate the development of meteorology.

H. T. - In the meantime, however, you
came to know Prof. Rossby in Chicago,
1believe. This must have been a most
stimulating time. What persons and events
stand out most in your mind?

c.c. W. - Prof. Rossby returned to Sweden in
1947 but I had been granted a special fellowship to study under him in the USA for the academic year 1946-1947. This was probably the
most remarkable and outstanding year of my
life. After the war, almost all well-known meteorologists went to Chicago to study with or to
see Prof. Rossby. To meet them all during that
year was a unique opportunity. First of all, I, and
a few others, stayed with Prof. Erik Palmen4
from Finland. Later, I moved to the International
House at the University of Chicago.
We were a large group of Scandinavians
and had an enormous amount of fun during our
leisure time, in addition to fascinating work in
the Department of Meteorology, under the
leadership of Carl Rossby. I remember in particular the first theoretical analysis of the "jetstream" by Erik Palmen at the beginning of
February 1947, which he presented during a
discussion of the synoptic situation. He had
made a cross-section of a jetstream and a
lively discussion immediately develop~d. 1f!e
had known since the war that somethmg like a
jetstream existed, because aircraft had had
problems of terrific winds at heights of around
8 000 m, but its existence had not been
demonstrated by observations before. The
question then arose of what the phenomenon
should be called. I think it was Carl who sug4
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gested the name "jetstream". That was just
one of many historical events that winter.
Many students in the department that year
subsequently became famous. Jule Charney,
for instance, received a fellowship to go from
Los Angeles, where he had just finished his
doctorate, to study in Norway. Carl heard
about his going and sent a cable to Charney
asking him to stop over in Chicago on his way
to Norway. He accepted and stayed for a
whole year. Charney and Rossby had a special
friendship. Theoretical ideas that were later
developed by Charney and made him famous
for the development of numerical forecasting
were first outlined during that year. Dr Alf
Nyberg was one of the research workers.
Other people I remember during that fascinating year were of course the teachers we
had: Victor Starr, Herbert Riehl5 and George
Cressman. Among the students I remember
particularly Rolando Garcfa6 from Argentina and
my close friend Tu Chen Yeh from China. With
him I carried out a climatological study of the
rainfall conditions in Hawaii for cultivating pineapple. While in Chicago, I concentrated on
upper-air observations and aerology in general
studies. Although my stay was short, the training I received was invaluable.
H. T. -What did you do upon your return
to Sweden?
C.C.W. - I had to return to Sweden to finish
my doctoral thesis on which I had been working
with Prof. Ahlmann. A geographer, he had
already made important studies in glaciology in
the 1920s and 1930s and had suggested that
I make study of a small glacier in northern Sweden, called the Karsaglacier, and I had already
spent several summers in field work there from
1942 to 1946. I spent the summer of 1948 on
the glacier and in the spring of 1949 I defended
my doctor's thesis. My examiner was Prof. H. U.
Sverdrup, who had been Director of Scripps
Institution in La Jolla, but who was also a specialist on the problems of the heat balance at
snow and glacier surfaces. He had spent a
summer in Spitsbergen with Ahlmann in 1934,
where their pioneering studies of the heat balance of a glacier surface, constituted the basis
of my studies on the Karsag/acier. The differ5
6
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ence was that Sverdrup had studied a flat
glacier surface on the lsachsens plateau in
Spitsbergen, while my glacier was in a sloping
valley, where katabatic winds ran frequently
along the surface and complicated the situation
considerably. I had met Sverdrup in the USA
and he had given me a considerable number of
suggestions for my thesis but he was a tough
examiner. A number of famous meteorologists
were present, including Carl Rossby, Hans
Ahlmann, Tor Bergeron, Hermann Flohn7 and Alf
Nyberg. I felt very small, I must say. In the
autumn of 1950, I became Assistant Professor
in physical geography at the university, in which
capacity I lectured and examined until 1954, at
the same time as being First State Meteorologist at the National Meteorological Service.
H. T. -it must have been about this time
that you started to become involved in
international aspects of meteorology?

C.C.W.- WMO was founded in 1950 and one
of the first small committees that had been
established was for .the development of
telecommunications within Europe. I was first
given the task of representing the Swedish
Government at a meeting of this committee in
1952. We met in Paris under the leadership of
a British meteorologist called Ockenden. That
meeting lasted only tor a week, but as I was
already in Paris, I was also charged with
another meeting, which lasted much longer,
namely the ICAO European Regional Air Navigation meeting to discuss meteorological services to aviation during the 1950s. There was
no simultaneous interpretation and the meeting
lasted three or four weeks, with most sessions
going on until 2.00 and 4.00 a.m. I enjoyed my
first experience of an international meeting
tremendously. One of my briefs was to have
the standard time for the transmission of meteorological information to aircraft changed from
three to five minutes. Several countries had
only recently introduced three minutes and a
change would have been costly for them.
I remember having arguments with Ramses
Mikhail from Egypt, with whom I have since had
a very close friendship, both in WMO and
UNEP. I was not successful, but the change
was agreed on some three years later.

7
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H. T. - Did you see much of Rossby during
that time?
C.C.W. - I spent a good part of my time with
Carl Rossby every day in his office to discuss
contributions to Tel/us, the journal of the Swedish
Geophysical Society, which he had launched in
1948 and of which I was the executive editor and
he the editor. I came to know Carl very well
indeed and there are few persons whom I have
admired more in my life. He was a high achiever
but extremely kind-a rare combination.

H. T. - I believe it was at Rossby's instigation that you went to Mexico?
C.C.W.- One day, in the summer of 1953,
Rossby received a letter from UNESCO, which,
for some reason, he opened (he usually didn't
open letters, but put them away in drawers,
saying it was surprising how rapidly they went
out of date!). The letter asked Prof. Rossby to
suggest somebody for a technical co-operation assignment in Mexico. He asked me if
I would like to go. I said I thought it would be
fun and Carl sat down and wrote back to
UNESCO immediately.
When I arrived in Mexico towards the end
of January 1954, I was met at the airport by
the President of the University, Dr Nabor Carrillo, who told me that I would be working with
the Institute of Geophysics for the first period
of my stay.
I spent several months developing the
project and was eventually given three
rooms in the university building and enough
money to recruit two meteorologists and
one secretary.
A young fellow called Julian Adem was
working at the institute when I arrived. He had
a doctorate in applied mathematics from
Brown University in the USA. I suggested that
he should go to Stockholm to study meteorology with Prof. Rossby. Julian stayed two
years and as they were both interested in the
mathematical aspects of meteorology,
became good friends. Julian Adem subsequently became director of the Institute of
Geophysics in Mexico and he is now (as I had
hoped) director of the small institute that was
established during my mission in 1954. it is
now a university institution with more than 75
employees and handles both the theoretical
and practical aspects of meteorology.

I enjoyed my stay in Mexico very much but
had to leave at the end of 1954. UNESCO sent
a new man to continue the mission, whose
name was Dr Fournier d'Albe, who was a geophysicist rather than a meteorologist. He was
particularly interested in the rain-stimulation
activities of the Institute. He stayed in Mexico
until1960, when he joined UNESCO headquarters in Paris.

H. T. - What precipitated your return to
Sweden?
C.C.W. - I was offered the post of Assistant
Director of the Swedish Meteorological and
Hydrological Institute when Dr Angstr0m retired
and Dr Nyberg became Director-General. I was
chief ofthe Meteorological Bureau until1960,
when the Institute was reorganized to include a
climatological bureau, of which I was director
untill968. As of 1963, I was also Deputy
Director General of the Institute.

H. T. - Did you remain in Sweden all this
time?
C.C.W. -In 19611 was offered another international mission by WMO, namely to go to FAO
in Rome to work on an agrometeorological project together with a staff member of FAO, M.
Perrin de Brichambaut, a French specialist in
agricultural ecology. The project was to carry
out a one-year study of the meteorological conditions for agriculture in the Near East. This
was an extraordinarily interesting task and
I must say that, professionally, it was the most
rewarding of any I have done. Agrometeorology
in the developing world was a virgin area at the
time and we had to invent most of the ideas of
how to manage such a study in an area with
few data. The countries concerned were Iran,
Iraq, Jordan, Lebanon and Syria. By the end of
March 1962, we had more or less finished the
job and I had to go back to Stockholm.

H. T. - Can you describe the project and
tell us something about its results?
C.C.W.- We concentrated on a rather new
aspect of agricultural meteorology, namely the
water balance in the area, which was fundamental as the region had a semi-arid climate. The
studies made at the end of the 1940s by Prof.
Penman in the United Kingdom and Prof. Thorn-
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thwaite in the USA formed the basis for our work.
These studies demonstrated how plants develop
under various water-balance conditions, an
approach which had never been used in this
region before. We divided the whole area into
sub regions and considered the water-balance
conditions in each one. This was a difficult task
as, in most areas, we had a maximum of 10
years of data that could be used. For the purpose of studying these countries, of course I also
had to visit them: firstly in order to find out what
kind of information and data were available and
secondly to advertise the results of the study and
get people interested in applying them.
The report was initially published as a
technical report of several hundred pages,
which gave all the details of the results of the
study. it presented the meteorological and agricultural conditions in the area and went on to
outline new'' ideas about how meteorological or
climatological data should be applied to agriculture. Later, a slightly shorter version of the
study was published in the WMO Technical
Note series and became, I believe, something
of a best-seller.

H. T. -Were the findings followed up by
the countries concerned?
C.C.W.- The results were applied in all the
subregions, notably in Iran and Syria, both by
the Meteorological Services and by agricultural
research institutes in, for example, their
approach to seeding and harvesting times,
when climatological statistics are useful for
establishing optimum dates. In the 1960s, the
countries were assisted in this work by WMO
experts and, later, their own personnel.

H. T. -What did you do after that year in
Rome?
C.C. W. - I returned to my post in Stockholm,
where my work was of two kinds. First of all,
I had the work at the institute where I had to
apply computer methods to dimatological data
for the first time. I had great difficulty convincing my colleagues of the necessity of accepting modern techniques.
Secondly I was very much involved in other
activities related to Swedish scientific societies.
In the beginning of the 1960s, I became regional editor for Europe of a new journal that was
launched by Elsevier in the Netherlands called

Agricultural Meteorology. At the same time,
I was also Editor of Geografiska Annaler, a publication of the Swedish Society for Geography
and Anthropology, which had been issued since
about 1920. I was also president of that society in the years 1960-1962. In 1960, I also
became Secretary of the National Committee
for Geodesy and Geophysics in Sweden, which
was the centre for activities under the IUGG. At
the same time, I was increasingly being
requested to participate in international fora.
I represented Sweden in both the WMO Commission for Climatology (of which I was vicepresident from 1960 to 1968) and the WMO
Commission for Agricultural Meteorology.

H. T. - In 1964 you took up a WMO
assignment to Peru. What can you tell us
about that project?
C.C. W. -The Director of the Technical Cooperation Department in WMO, Dr Sebastian,
called me to discuss the possibility of becoming project manager of a Special Fund project
in Peru. I agreed on the condition that I would
go for half a year in 1964 and for another half
a year in 1965. The assignment was staggering: the establishment of 700 meteorological
and hydrological stations around the country
and a hydraulic laboratory for testing hydrological instruments. The meteorological, agrometearological and hydrological stations were
to be established by experts from WMO and
the hydraulic laboratory by the United Nations.
When I arrived in Lima in January 1964,
about 200 stations had been established; a
year later there were 500. By the time we
ended the project in May 1965, the goals had
been achieved, at least on paper. In reality, of
course, some of these stations were not running well and some not at all-this would have
been impossible in the time allotted-but we
had good instrumentation and the hydraulic laboratory had been inaugurated and was in
place. Dr Parthasarathy, who was Dr Sebastian's deputy, came to Lima and we had a celebration to close the project in late May 1965.
That was the end of my mission.

H. T. -What are the most significant cli·
matic characteristics of Peru?
C.C.W.- The Peruvian climate is extremely
complicated, which is why so many stations
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Beirut Lebanon, October 1964 _ Pruticipants in the follow-up conference to the FAO/UNESCO/WMO agroclimatology
'
study in semi-arid zones of the Near East
Photo: Issa Bros

H. T. -And then you decided to accept a
post in the WMO Secretariat?

were foreseen under the project. There are
two completely different climatological
regions: the arid desert areas along the
coast, and the wet areas of the Andes which
have snow-on the Sierra Blanca-as well as
fertile slopes down to the rain forests in the
Amazonian basin. Moreover, in an El Nifio
event, the cold water of the Humboldt cur·
rent, which runs northwards along ~he Peruvian coast to the Equator, and carnes
enormous amounts of fish, is replaced by a
warm, southwards running current in which
the fish cannot survive. In the 1960s, fish
were the basis of the Peruvian economy.
Whenever an El Nifio event occurred, the fish
disappeared and the economy collapsed.
H. T. -Have you visited any other countries in Latin America?
C.C.W. - I went to Geneva from July 1966 to
February 1967 as a consultant in charge of
setting up three new Special Fund projects in
Latin America. One in Brazil was to establish
upper-air stations in the north-eastern part,
where rainfall conditions vary tremendously.
The second project in the Caribbean involved
establishing an improved service for hurricane
forecasting and improved co-ordination
between the small Services of the various
islands. For the third project I visited the countries of Central America to launch a Special
Fund project for the eo-publication and cohandling of climatological data.

C.C.W. -In 19671 was offered a post in the
WMO Secretariat and my director agreed to
give me leave of absence from the Meteorological Service.
I arrived in Geneva on 1 April 1968 and
took up the post of Chief of the Scientific and
Technical Division, which dealt with the work of
four technical commissions: the Commissions
for Climatology; Agricultural Meteorology; Atmospheric Science; and Instruments and Metho~s.?f
Observation. The division had many responsibilities and a staff of 12-15. Dr K. Langlo8 was
Director of the Technical Department and in
charge of all the divisions. In my division, Mr G..
Kronebach was directly in charge of the Commissions for Atmospheric Science and Instruments
and Methods of Observation, so I was able to
devote myself more to the other two.
The four years 1968 to 1971 were probably the busiest years I have ever had, because
of the Organization's many new activities.
Congress in 1967 was perhaps the most forward-looking of all Congresses since the inception of WMO and allocated more money for new
activities than any before or since.
H. T. -What aspect of meteorology interested you the most?
8
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C.C.W.- A geographer originally, I had always
been particularly concerned with the climatic
aspects of meteorology and the application of
meteorology and climatology to human activities and to socio-economic matters. Already in
1945, when I was in the Swedish Meteorological and Hydrological Service, immediately after
the war, many rivers in northern Sweden were
regulated, which had important impacts on the
living conditions for the farmers who lived on
their banks. Dr Angstr0m had charged me with
studying the impact of these regulations of the
rivers on the local climate. This meant that I
had to travel frequently to the northern part of
Sweden and discuss with the farmers exactly
what they considered to be local changes of climate (or environmental changes, as they have
now come to be called). The one problem they
all mentioned was the increasing frequency of
fog. After study, we found that fog had indeed
been increasing along the rivers, depending on
how the river had been regulated, but it was difficult to establish from the statistics we had
available. The next step therefore was to establish special
stations in these areas to study the changes of
climatological conditions. This was my first
experience of an environmental problem caused
by meteorological conditions.

H.T. -Acid rain must have been another?
C. C. W. - This became part of the problem of
air pollution, on both local and larger scales.
During the war, oil was extracted from the limestone in central Sweden. In the process, the
area around the factory in question was completely destroyed by air pollution. But, even
more interestingly, we could show in the 1950s
that, because of the westerly winds over central
Sweden, the emissions from that factory had
been destroying photographic equipment in factories about 200 km away. That was my first
experience of a problem of long-range transport of air pollution. In the following decade, air
pollution problems became even more pressing, particularly in cities.

H. T. - One of your concerns, therefore,
was to increase awareness of the environmental aspects of meteorology?

C.C.W.- The Swedish Meteorological Service
pioneered studies of air pollution in cities and

of how to plan cities in order to avoid pollution
from industrial areas. A number of Swedish
specialists who developed some of the first
models for that purpose were Prof. T. H0gstr0m and Dr B. Bringfelt. When I came to
WMO in 1968 I was reasonably well prepared
and perhaps even more prepared than most to
take up environmental problems.
One of my goals was to introduce environmental aspects into meteorology and into WMO.
I was pleased therefore and fortunate that in
1968 the idea was launched of having an international conference on the human environment
within the United Nations system to be held in
Stockholm in 1972. As a result, the environment
became not only a popular issue but a global
one. tt was not always very clear what "human
environment" meant but it was generally agreed
that the most important part of the environment
for the human being must be the physical environment. Mr Maurice Strong9 from Canada was
appointed Secretary-General of the conference
and Dr D. A. DavieslO, Secretary-General of
WMO, who chaired ACC discussions on the environment, was given the responsibility of preparing the conference on behalf of the UN. it was
agreed that a committee should be set up with
representatives from the specialized agencies
having activities related to the human environment. This committee was established sometime
in the beginning of 1970 and in the first few
months I took the chair on behalf of Dr Davies.
The representatives from the different agencies
included Dr E. Saouma, then Director of the
Land and Water Division in FAO, and in charge of
problems of the environment, and who later
became Director-General of FAO; Dr M. Batisse
of UNESCO (he also developed the Man and Biosphere programme in UNESCO which was
adopted in 1972}; and Dr M. Kaplan from WHO.
The committee met every other month
throughout the years of 1970 and 1971. We
ended up with a comprehensive document
which showed in detail what all the agencies
were doing in the environmental field. lt was too
unwieldy, so we agreed to prepare an executive
summary which would be approved by the ACC
before presentation to the conference. This was
a difficult and time-consuming task as most
9 See Climate Change-Environment and Development-World Leaders' Viewpoints (WMO-No. 772),
p. XV.
10 Interviewed WMO Bulletin 40 (1)
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Washington, DC, USA, 1974- Sixth session of CAgM (from left to right): Messrs M. F. Taha (President of WMO);
W. Baier, (president of the Commission); D.A. Davies (Secretary-General of WMO); C. C. Wallen; and F. Hashemi

agencies wanted to show that there was no
need to create a new organization for the
human environment. I accompanied Dr Davies
to New York in November 1971 to present the
draft summary to the ACC. That was my only
experience of an ACC meeting and I was
impressed by the UN Secretary-General
U Thant, as being a noble and efficient leader.

H. T.
What were the arrangements for
the conference and what was its outcome?
C.C. W.- Maurice Strong set up a small secretariat for the conference in Geneva, headed by
Mr Peter Thatcher (who later became the first
Regional Director of UNEP in Geneva), to which
we delivered our documentation, particularly
on atmospheric pollution problems, but also on
climate. The conference was a success and
the outcome of it led to the creation, not of a
new specialized agency, but of the United
Nations Environment Programme (UNEP),
which co-ordinates all activities of the UN system in the environment field.
The UNEP Secretariat was established in
Nairobi, Kenya, towards the end of 1973 (it
had been stipulated at the Stockholm conference that it should be located in a developing
country). Over the years, it has been active in
the environment field, carrying out its basic
functions as a catalyst and co-ordinator of environment activities within the UN system. The
first Director of this programme was Maurice
Strong. He was succeeded by his deputy, Dr
M. Tolba, who has been Director since 1976.

gressed. At the Stockholm conference, Sweden had contributed a small booklet which
showed that air-pollution problems were on a
much larger scale than had previously been
thought. it was not until the late 1960s that Dr
S. Oden and other Swedish scientists were
able to show that sulphur in the air could be
transported over long distances and create
acid rain, which could have very detrimental
effects, particularly on lakes and rivers. Scientists in most other countries were convinced
that the impacts of air pollution could be
avoided by building sufficiently high stacks in
industrialized areas so that the pollution would
disappear above the boundary layer. This is
true enough for cities and industrialized areas
but air pollution stays aloft and is often transported over long distances.

H. T. - This idea was not accepted internationally until much later, in fact?
C.C. W.- The European countries set about
proving the existence of long-range transport
of air pollution in western Europe through a
project organized by the Organization for European Co-operation and Development between
1974 and 1976. The evidence was overwhelming. The main conclusion to be drawn from various studies during this period was that
environmental problems such as acid deposition could be caused in one country through
emissions which originated in another country.
The issue was then recognized as one of the
first trans-boundary environmental problems.

H. T. - Meanwhile, you continued to work
on environmental problems, especially the
long-range transport of air pollution?

H. T. - But your compatriot Erik Eriksson
was already working on the problem of
acid rain in the early 1950s?

C.C.W.- Environmental problems became
more and more critical as the 1970s pro-

C.C.W.- Dr H. Egner and Dr A. Angstr0m pioneered the study of precipitation chemistry in
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the late 1940s and set up stations around
Ultuna in Sweden to determine what chemicals
were transported to the soil. In 1952, Rossby
realized the potential importance of atmo- .
spheric chemistry and asked the specialists in
Ultuna if they had a young student with an agricultural background who could work on these
aspects of meteorology at his institute. Erik
Eriksson was selected and later became
famous for his pioneering and fundamental
studies in atmospheric chemistry.

H. T. ~So Eriksson's work was the springboard for the establishment of the Background Air Pollution Monitoring Network
{BAPMoN)?

C.C.W.- Erik introduced his and S. Oden's
ideas on acid precipitation to WMO through the
CAS working group on atmospheric chemistry,
of which he was a member. This working
group, which was chaired by Mr McCormick
from the USA, considered which parameters it
was necessary to observe and how to establish a network of stations to observe them. At
a meeting in March 1969, it recommended to
the Executive Committee that an international
network of stations around' the world should be
established by WMO for studies of atmospheric
chemistry. That recommendation was adopted
as a resolution of the Executive Committee and
the Background Air Pollution Monitoring Network was started in the second half of the
same year-and this some three years before
the Stockholm conference.
H. T. - How was BAPMoN structured and
how has it evolved?

C.C.W.- The network comprised two different
types of station: the baseline stations, where
measurements of carbon dioxide and other
gases were made; and regional stations, where
measurements were made of turbidity and pre·
cipitation chemistry.
In 1969 the Executive Committee also
established a Panel on Atmospheric Pollution,
whose chairman untill976 was Prof. Christian
Junge from Germany, a pioneer in atmospheric
chemistry. He had started with studies of precipitation chemistry in the USA in the early 1950s
by setting up a special network of stations on
the eastern seaboard. He had often been to
Stockholm for discussions with Erik Eriksson.

Every year I tried to get resolutions
passed by the Executive Committee and
Congress about establishing further BAPMoN
stations in various countries. This was no easy
task as most meteorologists did not understand the need to study air pollution and air
chemistry. One member of the Executive Committee in favour of introducing atmospheric
chemistry into WMO, who helped me prepare
the resolutions for presentation to the Committee, was Prof. Yu. lzraelll of the USSR. He
was interested in the Hydrometeorological
State Committee of the USSR becoming
responsible for the natural environment and we
worked closely together.
In 1974, the Executive Committee agreed
that BAPMoN stations should not only make
observations of pollution in air but also in
freshwater, soil and biota, so that it would be
possible to follow the transport of pollution
from one medium to the other. That idea was
launched by the USSR. Today we are working
in UNEP on the question of monitoring pollutants in several media at the same site. This is
now called integrated monitoring and has
become an important methodology for studying what is happening in terrestrial ecosystems
as a result of the action of pollutants. lt will
also be useful for the study of changes in
vegetation due to climate change.

H. T. - How would you define the
environment?
C. C. W.- There are so many factors involved:
physics, chemistry and biology, but also the
social and economic environment. The environment of an area involves the sum total of the
exchange and integration of the impacts from
all factors. A basic problem in this context is
the interrelationship between the physical and
chemical factors on the one hand and the biological and ecological factors on the other.
You may add the social and economic factors
as part of the biological ones if you consider
the human being as part of the biology and
ecology.
I see the development of the IGBP (International Geosphere-Biosphere Programme) over
the last 10 years as being a result of our gradual understanding of the need to study in depth
11
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the vital interrelationship between geophysics
and biology.
H. T. - Do you agree with the idea that the
atmosphere is the most important component of the environment?

C.C.W.- For the human being or for life in
general, maybe the atmosphere is the most
important. If you look at the environment from
the point of view of how various aspects of life
are interrelated: vegetation, wildlife, human
beings, etc., its importance is not clear. For
terrestrial ecosystems, the atmosphere is, of
course, most important but, for marine ecosystems, the oceans are. Climate can be said to
be the integrated environmental result of what
happens in the atmosphere.
I wish to emphasize that the issue of the
environment can be separated into global,
regional and local environmental problems.
Global environmental problems, such as climate
change and depletion of the ozone layer, affect
mankind as a whole and, in order to avoid global
disaster, something must be done. Regional and
local problems, however, are not caused by, nor
do they always contribute to, global problems.
They should not concern us in the same way as
the global ones. In considering them, economic
and social development must also be given high
priority, especially in developing countries.
H. T. - How did your connection with UNEP
come about?

C.C.W. - I think it was in 1976 that discussions started between Or Davies of WMO and
Or Tolba of UNEP about the possibility of
closer liaison between the two organizations,
which share many common problems and programmes. The idea was mooted that I would
move to UNEP as Deputy Director of the Global
Environment Monitoring System (GEMS). This
was finally agreed and I moved into the new
position but retained my office in the WMO Secretariat so as to ensure liaison between the two
organizations. I found this change in my international professional life quite rewarding and the
new contacts in various fields broadened my
outlook. My chief in UNEP, the Director of
GEMS, was an Italian doctor of medicine by profession, Francisco Sella, with whom I became a
close friend. He had earlier been Secretary of
UNSCEAR in New York.

I stayed with UNEP for four years until
1980, when I retired. However, first Dr Sella
and then Or Michael Gwynne, who later
became Director of GEMS, asked me to stay
on as a consultant, which I have been doing for
the last 10 years, at the same time as being
advisor to Or Tolba. The 1980s were an
especially interesting time because of the new
concern about climate and the increasing
awareness that anthropogenic emissions of
greenhouse gases into the atmosphere are a
problem which affect every one of us and may
lead to a global change of climate. This has
became a major political issue: the question is
whether to mitigate the thre<Jt by reducing
emissions or to adopt the "business as usual"
philosophy in the hope that we will be able to
adapt to the consequences.
H. T. -What are your personal views on
climate change?
C.C. W. - My personal interest in climate
change goes back all the way to 1939 when
I attended a seminar at the Geographical Institute in Stockholm organized by Prof. Ahlmann.
The subject was the remarkable warming of climate in the northern hemisphere that began
about 1900 and eventually lasted until 1950.
Geographers were interested in this warming
because of the considerable impact on the
world's glaciers and ice-sheets. Famous meteorologists in Sweden attended, such as Prof.
Angstr0m, and Or J. Sandstrr.!lm, who had been
a collaborator of Vilhelm Bjerknes during the
first decade of the century.
In 1954, I wrote a paper with Ahlmann in
which we showed that the period of warming in
the northern hemisphere had ended by around
1950. The climate of the northern hemisphere
and most of the world then underwent a period
lasting 20-25 years when there was a gradual
cooling-even if not very strong-which lasted
until the end of the 1970s. I think it is wrong,
therefore, to state that there has been a gradual increase of temperature since the end of
the last century. In fact, the period when the
enhancement of the greenhouse effect is supposed to have been particularly marked, i.e.
from 1950 to 1975, was a period when climate over the northern hemisphere cooled.
Taking all the data from the end of the last century up to 1980 together is therefore not
acceptable, as the fact that climate cooled dur-

216

ing the period 1950-1975 cannot be ignored.
There must have been two different causes for
the two periods of warming, i.e. for the one
from the end of the last century until1950 and
for the present one that started in 1975. There
are still no clear indications that the warming in
the first half of the century-which affected
only the northern hemisphere-was due to an
enhanced greenhouse effect.

H. T. - If the introduction of greenhouse
gases started at the end of last century,
how long would it take for the effects to
be noticeable?
C.C.W. -Most existing data from the first half
of the century are incorrect and cannot be
used, so it is difficult to calculate exactly what
impact there was in that period. The increase
of C0 2 was small: we estimate that there was
about 290 p.p.m. of C0 2 in the atmosphere
around 1880 and we know that it was 315
p.p.m. in 1958, i.e. an increase from 1886 to
1960 (72 years) of 25 p.p.m .. From 1958 we
have very exact measurements from Hawaii
and we know that from 1958 to 1990 (32
years) the increase was from 315 p.p.m. to
350 p.p.m., i.e. 35 p.p.m. Since the start of
BAPMoN observations, the increase of C0 2 has
been confirmed at all baseline stations around
the globe.

Geneva, November 1990

H. T. -What do you think might be the
causes behind the two periods of warming?
C. C. W. One hypothesis is that during the
period 1900 to 1950 there was extraordinarily
little volcanic activity around the globe. With
normal volcanic activity, there is always so
much dust in the upper atmosphere that temperatures are kept down somewhat Conversely, therefore, temperatures would
gradually increase if volcanic activity were low
for a long time. Volcanic activity started to
become normal again in the 1950s, which
coincided with the onset of a period of cooling.
That seems a reasonable explanation but
it has not been proved. Volcanic activity since
1950 has been quite strong, just as strong as
during the 19th century. Since the 1960s
there have been many eruptions, including the
Agung and El Chich6n. Notwithstanding, it
must be agreed that the greenhouse effect
was being offset in some way, at least during
the period after 1950. A complicated interplay
must have been going on since 1975 between
the forces causing the warming during the first
part of the century, those of the cooling during
1950-1975, and those of the greenhouse
effect.
H. T. - How would you like to see the
problem of climate change tackled?

CC with Roger Taessler {left) and Thord Krieck (centre) of SMHI during the Second World
Climate Conference
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C.C.W.- During the late 1940s I tried to show
what happened to the general circulation of the
atmosphere in the mid-latitudes, in connection
with a change of climate. In Stockholm in the
early 1950s I worked with Dr Daniel Rex when
he was preparing his doctoral thesis on "blocking" in the mid-latitudes. I have always argued
that changes in climate should be possible to
prove by studying changes in the general circulation of the atmosphere. lt should, for instance,
be possible to show more definitely what the
impacts of the greenhouse effect are on the
general circulation. Such stddies are being carried out but there is not enough money invested
in this kind of research. We can make studies of
what is going to happen in 50 years by general
circulation models but, without proof that something is already happening in the atmosphere
due to the enhanced greenhouse effect, we will
not be able to convince politicians to act. The
modelling results concerning the future cannot
be evaluated by data but what has happened
over the last 15-20 years-with the upper-air
circulation for instance-can be studied in more
detail.
H. T. - Are you satisfied with the way climatology has developed?

C.C.W.- Of course, having been a climatologist since the 1930s, I am happy to see that
climate has become such an extraordinarily
important scientific subject, even an issue.
There is nowadays great interest not only in
climate change but also in climate itself. The
impact of climate and climate variability on
various economic sectors and its socio-economic impact are now being studied worldwide. Yet there was a long period during my
career- until the 1970s, in fact-when the
climate aspects of meteorology were completely neglected. This was basically because
of the great needs of aviation for synoptic
meteorology. Even as late as 1975, most climatologists were still dealing with classical
climatology, i.e. adding figures and dividing
by a number in order to obtain some sort of
an average for a certain place, for a certain
reason.
I had known Prof. H. Landsbergl2, who
was president of the Commission for Climatal12
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ogy and the world's most famous climatologist,
since the 1940s. We had many serious discussions aboutthe neglect of climatology. Around
1974-1975, however, a number of modellers
who had been concentrating on modelling for
numerical forecasting became interested in
applying this technique in climatology. Then
came a breakthrough for modelling future climate, which has been quite successful over
the last 15 years. Conversely, however, I am
somewhat concerned that, today, too much of
the classical climatology is being neglected.
This is because climate was redefined so as to
be able to use the deterministic approach of
applying the dynamics of the atmosphere to
future climatic development. As originally
defined, climate is essentially a stochastic process, to which the application of deterministic
methodology is not necessarily acceptable.
Whether a "climate" can really be obtained
from a modelling approach-even if the model
can be run over many years-is still doubtful
and further study is necessary.
A general development about which I am
pleased is man's realization that the climate
surrounding him is an environmental problem
of basic importance which must be studied and
monitored carefully if mankind is not to suffer a
long-term problem.

H. T. - How do you see the future of meteorology?
C.C.W.- The future of meteorology is difficult
to foresee. Both WMO and the world's Meteorological Services are at a crossroads and I think
it is extremely important to reconsider the
structure and functions of WMO.
WMO must become functional at the ministerial level in the same way as other specialized agencies: if a Meteorological Service
occupies a low position in a country's infrastructure, it is not in a position to influence government policy.
The question will gradually have to be considered whether there is a real need for national
Meteorological Services of the present kind. lt
is more likely that there will be a need for
regional Meteorological Services. We already
have the technology for a few centres to do
everything necessary for the whole world. At
the national level, only Small services for local
forecasting and application of climatology to
various activities of the society will be needed.
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H. T. -Will the meteorologists of the
future be different from the meteorologists trained 50 years ago?

techniques. The UN, rather than individual
countries, will probably have to accept responsibility for operating environmental satellites.

C.C. W. -They already are. Students are
already no longer taught how to analyse synoptic maps. Satellite technology is still developing
and will become increasingly important. lt will
have a revolutionary impact on measuring
parameters at the Earth's surface and meteorologists will have to learn new observation

H. T. -Thank you very much, CC. I hope
we will continue seeing you around WMO
and UNEP for many more years to come.
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Dr Warren Godson

On Wednesday, .17 June 1992, the Atmospheric Environment Service of Canada organized a special symposium on the main areas
of research with which Warren Godson has
been associated and was thus a historic retrospective of atmospheric research in Canada
over the past half a century. Many of Godson's
former and current colleagues participated in
this and other events that were organized, and
this unique day was called Godson Day. An
extract from the announcement of the symposium reads as follows:
"When an individual dedicates 50 years of his or
her life to a given discipline, it is a singular
achievement. When the work includes pioneering contributions in a wide spectrum of atmospheric research covering thermodynamics,
radiation, dynamic meteorology,cloud physics
weather modification, NWP, air quality and climate change, the effort is truly extraordinary.
Such is the work of Dr Warren Godson, recently
appointed Scientist Emeritus of Environment
Canada.
Warren Godson is truly a unique figure in Canadian meteorological research. He was the first
to earn a Ph.D. in meteorology in Canada,
achieving this at the University of Toronto in
1948. His career has defined the profile of
research in the Atmospheric Environment Service and its predecessor organizations. He has
published some 120 papers. He was long-time
Director General of Research for AES and Science Adviser to three heads of the Service. He
has made significant contributions to international science and has long been active in
WMO, ICSU, IUGG, IAMAP and other science
organizations. He was awarded the IMO prize in
1975. In Canada he has been honoured widely.
He is a three-time winner of CMOS's President
Prize, the AES Patterson Medal, three-time winner of the RMS's Canadian Darton Prize and is
a Fellow the Royal Society of Canada. He was
elected Fellow of the American Meteorological
society and winner of the Buchan Prize of the
Royal Meteorological Society."

One of the first to realize the importance
of regular observations of the lower stratosphere, Warren Godson's work inspired widespread research and improved knowledge.
Already in 1964, the Buchan Prize of the Royal

Dr Warren Godson
Photo: H. Taba

Meteorological Society was bestowed on him
for "outstanding contributions to studies related
to total ozone and the middle stratosphere over
Arctic and sub-Arctic areas in winter; vertical
distribution of ozone from Umkehr observations
and the structure of the Arctic winter stratosphere". When the Ozone Commission of the
International Association of Meteorological and
Atmospheric Physics OAMAP) held its 17th quadrennial ozone symposium in Charlottesvi/le,
Virginia, in June 1992, the significance of his
work was acclaimed.
Godson's contributions to the ozone programme and related activities of WMO deserves
the highest praise. Dr Taba recalls that, when
he joined the WMO Secretariat in October 1960,
one of his first tasks was to write a Technical
Note on atmospheric ozone-a topic with which
he was only slightly familiar. Thanks to the personal interest, and above all encouragement,
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of Warren Godson, Ozone Observations and
their Meteorological Applications (TN No. 36)
was published on time and well received. Simi·
/ar/y, Dr Taba speaks of his attendance as
WMO representative at the International Symposium on Atmospheric Ozone and General circulation in August 1961. Warren Godson helped
him with the text of several important WMO resolutions on atmospheric ozone to be submitted
for approval to the then Commission for Aerology and the twenty-seventh session of the
Executive Committee. The friendship between
the two men has continued ever since.
A remarkable characteristic of Warren
Godson is his outward calm. When asked a
question, he takes his time to reflect and reply,
to the extent that he gives the impression of
being reluctant to answer. This unhurried tranquillity is even more evident when he is eating-a seemingly never-ending process: he
told Dr Taba over lunch, when he commented
on this, that he even chews ice-cream!
This interview took place in October 1992.
Dr Taba would like to thank Dr Godson for
receiving him, and Mrs Godson for her generous hospitality.

doctorate in chemistry, but my interest was
considered to be too theoretical at a time when
there was no further scope for theoretical
chemists and I was persuaded to apply to the
Meteorological Service of Canada which was
recruiting scientists for a pilots' training scheme.

H. T. - My usual first question is about
when were you were born and what your
parents did and where you lived.

H. T. - How did your career evolve after that?

H. T. -This was a special course for pilots
and forecasters during the Second World
War, I presume?
W.G.- There were some 20 to 30 establishments across the country giving courses for
pilots, who came from all over the British
Commonwealth and other countries such as
Norway to be trained. The Meteorological
Service gave the lectures in meteorology and
sent instructors out to the different centres.

H. T. -But you remained in Toronto after
completion of the course?
W.G. -I had demonstrated a flair for research,
which was why I was retained by the Service in
Toronto in the research and training group under
Dr Wendell Hewson, where I remained for
approximately eight years-from 1943 to 1951.

W.G.- Dr H. Mclntyre replaced Dr Hewson,
when he retired, as head of research and trainW.G. - I was born on 4 May 1920 in Victoria,
ing and I took over his courses in thermodythe capital of the westernmost province of
namics and radiation. After the war, these
British Colombia on the southern tip of Vancou- courses were given at the University of Toronto
ver Island. My parents had also been born
but, to begin with, they were given by the staff
there: my mother was a high school teacher in . of the Meteorological Service. Our people were
mathematics and my father was a purser with
later phased out, except for the synoptic, labothe Canadian Pacific steamship company.
ratory-type of lecture. In 1951, research and
training were separated; I became Superintendent of the Atmospheric Research Section, and
H. T- Now perhap's you could tell us
Clarence Penner became Superintendent of the
something about your studies and how
Training Section. In 1972, I was named Direcyou became interested in meteorology?
tor of the Atmospheric Processes Research
W.G. - I lived in Victoria for the first 17 years of
Branch, which is essentially physical research.
my life and attended public school, high school
A year later, Dr Mclntyre left and I became
and junior college there. Then I went to the UniDirector-General of Atmospheric Research,
versity of British Columbia in Vancouver, where
a position I retained until 1984.
I obtained an honours degree in chemistry in
1939, just a couple of days after my 19th birthH. T. -What was the first research proday. Two years later I obtained my master's
gramme you tackled?
degree. Then I went to the University of Toronto,
where, between the autumn of 1941 and spring
W.G.- My first paper was published by the
of 1942, I was supposedly working towards a
Meteorological Service in 1945 and was
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entitled The Computation of the Heights of
Mandatory Isobaric Surfaces, when the change
was being made from calculating heights using
constant heights to constant pressure levels.
Most of the work I was doing was of a rather
practical nature and reflected my training role.
In 194 7, three of us in the training areaCiarence Penner, AI Cracker and !-prepared
some material which could be used by forecasters in the field as well as in the training of
students. Four of my major papers in 1947
dealt with synoptic meteorology, e.g. the practical use of charts of frontal topography. I was
also doing some research on my own. I later
incorporated this work into the thesis for my
doctorate, which I obtained in 1948 from the
University of Toronto. The main topic was the
study of dynamic or hydrodynamic instability
and the paper was published in 1950 in the
Journal of Meteorology in two parts.

H. T. - Did you ever work as a forecaster?

W.G. -In the summer of 1944, I replaced
the principal upper-air forecaster for a month
at the main transatlantic base in Montreal,
where Pat McTaggart-Cowan was in charge.
In those days that was the main base for flying aircraft, particularly new ones, across .the
ocean to Europe. That was my only expenence in practical forecasting-! have never
forecast weather.

H. T. How did you become interested in
studies on atmospheric radiation?

W.G.- When I taught thermodynamics and
radiation, I started doing some research on
these topics also. As well as as bringing over
Alan Brewer from Oxford, who took over my
radiation course, the University of Toronto
brought Julio lribarne from the University of
Buenos Aires and he took over the thermodynamics course. Julio lribarne and I decided to
write a text book on atmospheric thermodynamics, which was published in 1973. While I was
giving the course on radiation, I started some
research into infrared radiation, which was my
major field of interest after my Ph.D thesis.
In 1950 I had a couple of papers on
dynamic instability published. That was the
year of the Royal Meteorological Society Ce~
tenary. I visited England and Scotland-my f1rst
trip abroad-and delivered a paper on the
structure of North American weather systems.
1 also began some studies on fronts and their
synoptic dynamic characteristi~s. The first .
radiation paper was presented mtwo parts m
1952· two papers in 1953; one in 1954; and
four i~ 1955. lt was then that I thought it would
be exciting to do something new and began
work on the stratosphere and the ozone layer.
H. T. - You were one of the first to realize
the importance of regular observations of

Toronto, Canada, 1947- Participants in the meet~ng of the ~on:mission for Aerology of the lntemational
Meteorologtcal Orgamzatton
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the lower stratosphere. How did you come
to do this work?

W.G.- it was decided that the Canadian programme for the International Geophysical Year
(IGY) (1957/1958) would specialize in
increased observations of ozone and of the
stratosphere. Planning for this must have
started in 1955, because my first paper on the
subject-The IGY Canadian Meteorological
Programme-was published that year. The only
ozone station we had was an old one which
had been set up by Dr E. Gowan at the University of Alberta at Edmonton and operated by
him for many years. We took over its operation
and opened three others: one at Mousonee on
the southern tip of Hudson Bay and two in the
Arctic at Resolute and Alert.
I was influenced by the studies of Dr R.
Scherhag in Berlin on stratospheric warming
and also by Dr D. Maclntyre's Ph.D. thesis that
he had written in the late 1940s: he had studied
observations of winds at high levels and suggested a secondary maximum in the stratosphere at high latitudes, particularly in winter.
H. T. - You are of course the author of a
number of papers on the stratosphere and
ozone?

W.G. - I started some research into ozone at
the start of the IGY and soon afterwards began
more elaborate studies. With regard to the
stratosphere itself, my first paper on Arctic
stratospheric jet stream winds and temperatures during the winter of 1955/1956 was published In 1957. My major paper in 1958 was
on high-level fields of wind and temperature
over the Canadian Arctic; I examined some
aspects of the rapid warmings and final warmings. I continued in that field untill959.
My first paper on ozone was in 1959 on
relations between the behaviour of total ozone
in the middle stratosphere over Arctic and subArctic areas in winter and spring. Another
paper in the same year was on the vertical
distribution of ozone over Canadian stations.
I continued to examine ozone, its vertical
distribution and its relation to middle atmosphere properties untill963. Then I wrote
what I consider to be one of my most significant papers-although I didn't think so at the
time-on a comparison of middle stratosphere behaviour in the Arctic and Antarctic,

with special reference to final warmings and
including both temperature and ozone comparisons for the winter/spring seasons. I pointed
out the major differences which, some 20 or
25 years later, became important with the
discovery of the Antarctic ozone hole.
H. T. -What were the main features to
emerge after so many years of ozone
studies?

W.G. - My analysis of ozone and the strataspheric temperature fields in the Arctic demonstrated that there was a good physical
explanation for the dynamical processes concerning the annual maximum of ozone with
regard to both latitude and season.
According to the Chapman photochemical theory; the ozone maximum should occur
over the Equator. This is logical, since it has
more solar radiation than any other part of
the globe. it should also occur in the summer
season-the season of greatest solar ultraviolet radiation-which is again logical. But
when the actual observations were examined,
it could be seen that the atmosphere did not
work that way: the maximum is at relatively
high latitudes and not in the summer but in
the spring, either early or late, depending on
the year. This was explained as being a result
of atmospheric motions-which doesn't
explain anything!
I looked at the stratosphere on its own,
however, and its behaviour in winter and
spring, and observed the periods of intense
warming with essentially close-to-summer
temperatures existing either for brief periods
or with a rather rapid return to summer after
winter-the so-called final warming phenomenon. Then, when I looked at the ozone, it
was doing exactly the same thing as strataspheric temperature and I realized that the
reason why ozone was at a maximum at high
latitudes in spring was simply because of the
behaviour of the Arctic stratosphere with
regard to the sudden warming phenomenon.
When the temperatures initially become rapidly
warm because of large-scale subsidences, one
looks at the ozone records and, of course, the
ozone amount increases. I realized that this
was the basic explanation for the anomalous
behaviour of ozone on a climatological basis
and that this was a proper basis on which to
compare the two hemispheres.
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H. T. - Do you consider this comparison
between the two hemispheres to be your
major achievement in your studies of
ozone.
W.G. - In retrospect, the comparison of the
two hemispheres has indeed turned out to be
important. At the time, of course, it was
merely interesting that the two hemispheres
were different and that few major rapid warmings occurred in the Antarctic during the late
winter/early spring. The final warming did
occur, of course, but much later than in the
northern hemisphere. Looking at the temperature record and all the IGY temperature data
I could obtain, it was evident that the strataspheric polar vortex was relatively stagnant,
with only weak baroclinic waves developing.
I had become accustomed to seeing vigorous
baroclinic waves in the Arctic virtually every
winter, with the polar vortex moving around
and changing in nature, breaking down almost
completely at times of major rapid warmings.
This did not appear to happen in the Antarctic,
with only minor step-wise increases in ozone
up to the maximum with the late final warming ..
lt was only at about that time that there was
any great interchange of air between the
Antarctic continent and the middle latitudes of
the southern hemisphere, so the maximum in
high middle latitudes occurred later than in the
northern hemisphere and were smaller.
· The study I published in 1963 compared
the two regions and commented on the extent
to which middle latitude air entered the polar
vortex significantly in Arctic regions and
insignificantly in the Antarctic. This is of importance to discussions now as to the extent to
which the ozone hole will affect the global
amount of ozone and whether there are major
differences between the two hemispheres.
H. T. - The ozonogram was another
achievement, was it not?
G. W. -When I was chairman of the WMO CAS
Working Group on Ozone, I was asked to try to
resolve the controversy between a number of
different diagrams being used to represent the
vertical distribution of ozone. I assembled a list
of all the desirable characteristics of such
a diagram and found that the only diagram to
meet all the requirements was one which used
ozone partial pressure as a coordinate. This
had never been used before as it had never

been regarded as having any particular significance. I gave the diagram the name "ozonegram" and presented it to the international
community. Within a few years, the diagram
had been adopted world-wide.

H. T. - What is the difference between
ozone conditions in the Arctic and in the
Antarctic?

W.G.- The crucial feature of the Antarctic
ozone hole is the existence of sufficiently cold
temperatures in the stratosphere in winter to
cause the formation of polar stratosphere
clouds with temperatures of -so·c or less, on
which chlorine products tend to condense {they
avoid decomposition because they are still in
darkness). Then, when the sun returns, the
chlorine chemistry suddenly springs to life with
heterogeneous catalysis adding to the gaseous
processes. Ozone is rapidly destroyed and only
slowly reforms, reaching a maximum with the
photochemical and dynamical processes of the
final warming, similar to what happens in the
northern hemisphere {but later and weaker). lt
is obvious, however, that the temperatures are
much colder in the Antarctic simply because
there is very little interaction with. middle lati"
tudes, partly because of differences in the
land, sea and mountain configurations in the
area of the southern hemisphere pole and the
northern hemisphere pole. In the latter there is
a great deal of open water up to higher latitudes and high mountains in Greenland and
Alaska. The atmospheric circulations that are
produced are active, probably with strong
tropospheric input in the stratosphere and with
major waves at the boundary of the polar vor"
tex. These occasionally break down and produce rapid warming but they do eventually
break down altogether and produce the final
warming which leads essentially to summer
easterlies. The impact of middle latitude
behaviour in the Arctic is two-fold: it can breal\
everything down and it can result in a fair input
of energy indirectly into the Arctic vortex. lt is a
rare winter in the Arctic when temperatures are
consistently cold, but the norm in the Antarctic.
H. T. -When do you think public concern
about ozone was first aroused? Did you
have any indication that future generations would be so preoccupied?
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Cana~a, Gods~n Dc~y,_ Jun;-1992- The Deputy Minister of the Environment, Dr Len Good, presents
Dr Godson With a spec1al muustenal medal to commemorate 50 years of service to the scientific community

Toronto,

W.G.
The first major discussion on man's
effect on ozone concerned the possible effects
of supersonic transport. That was in the early
1970s and much good research resulted; CAS,
under my presidency, proposed the First WMO
Statement on Ozone. As far as supersonic aircraft was concerned, the problem was resolved
when it was realized that nobody could build
the large fleet of aircraft (about.500) that
would be required to make even a dent in the
ozone layer! The real problem emerged in
relation to chlorine compounds. Evidence was
soon found by the WMO Global Ozone Observing System that decreases in ozone were
probably taking place, although most of the
action to combat man's destruction of ozone
had been more or less initiated before the evidence emerged. The situation is similar to that
of the greenhouse effect: we are still not absolutely positive that the changes in the last century are due to the greenhouse effect. Since
the IGY we have had direct evidence of carbon
dioxide increases, but we have only realized
recently that there were major changes in carbon dioxide between the last geologically
detectable ice ages and alternating warmer
periods. Although these were not due to man
at all in those days, the coincidences are
worth comparing with variations over the last
100 years.

H. T. -When did the ozone hole originate?

WG. -The rapid increase of chlorofluorocarbons (CFCs) came with the use of spray cans,
which did not exist 50 years ago. CFCs were
also extensively used for other purposes, such
as refrigerators and foam-blowing, and probably
still are for cleaning electronic circuits and suchlike. Their use in spray cans has more or less
been eliminated, as has the blowing of polyester
materials, but it was a cumulative process,
whereby there was a sufficient amount of CFCs
in the stratosphere (more than 2 ppb of chlorine) to cause marked changes in its chem·
istry-a process which probably took some 20
years. (That, by the way, isn't necessarily a
magic figure for ozone destruction but it is probably a significant one.) Certainly, most of us
were around at the time when it all started.
H. T. - Do you think that this is a
reversible process?
W.G. -it is going to take nearly a century to
rid the stratosphere of all the man-made
chlorine-providing all countries implement
the requirements of the Montreal Protocol.
A reduction in the Antarctic ozone hole and a
return to normal ozone levels will not occur
before the second half of the next century.
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1-1. T. - When did you have your first
contact with WMO?

H. T. -You also served on the WMO Scientific Advisory Committee?

W.G.- My first contact was with the IMO, as
it was then, in 1947, when all the technical
commissions met in Toronto. Although I was
engaged in my Ph.D studies, I was still working at the headquarters of the Meteorological
Service and I was elected a member of the
Commission for Aerology (members of IMO
commissions were not appointed by individual
countries but elected by the commissions).
The first meeting of the WMO (as it subsequently became) Commission for Aerology
was held in 1953 and again it was held in
Toronto. ! was appointed a member by the
Canadian Service and the principle delegate
was Dr Mclntyre. He was unfortunately ill for
all except two days of the meeting so I was
the alternate and voting member for Canada
in his place.
I would also like to mention that I was an
acting member of the WMO Executive Committee {later Council) once in 1977 and again in
1980, when I was acting head of the Canadian
Atmospheric Environment Service.

W.G.- WMO set up a Scientific Advisory Corn·
mittee as a result of President J. F. Kennedy's
speech to the United Nations in 1961 and
United Nations Resolution 17/21, which was
the springboard for the World Weather Watch
(WWW) Programme and the Global Atmospheric
Research Programme (GARP). I represented
ICSU and IUGG and was also a member of the
IUGG Committee of Atmospheric Sciences from
1965 to 1967. The two committees were broken up when the Joint Organizing Committee
(JOC) for GARP was formed.
·
H. T. -Your activities in ICSU are so
numerous and varied that I will let you
start wherever you want I

H. T. - You have had a long association
with various CAS working groups?

W.G- The first was a three-man group with Mr
Pone of France and Or Pierre Defrise of Belgium and we produced a report on the charac·
teristics of aerological diagrams. Then I was
chairman for some years of the Working Group
on Ozone. I was also a member of six other
working groups and chairman of the working
group on the meteorological programme of the
International Year of the Quiet Sun (IQSY). I was
vice-president of the Commission for Aerology
between 1957 and 1961 and president of its
successor, the Commission for Atmospheric
Sciences (CAS), from 1973 to 1977.
I was also a member of the CAS Advisory
Working Group from 1973 Uf)til1990 (and its
chairman from 1973 to 1977); chairman of the
CAS Working Group on Stratospheric Warming
from 1965 to 1973; and I have been CAS Rapporteur for Solar Terrestrial Physics since 1981.
In fact, I was extremely touched when
Prof. Obasi, Secretary-General of WMO, presented me, at the opening of CAS-X in April
1990, with a citation for continuous active contributions to CAS since its inception.

W.G. -1 was liaison officer between IUGG and
WMO from 1960 to 1975 and a member of the
IUGG Executive Committee from 1979 to 1983.
My major ICSU activities have been with
the International Association of Meteorology
and Atmospheric Physics (IAMAP), an association of the International Union of Geodesy and
Geophysics (IUGG). On the Bureau and Executive Committee of IAMAP, I served as General
Secretary from 1960 to 1975, Vice·President
from 1975 to 1979, President from 1979 to
1983 and Past President from 1983 to 1987.
Before and during that period, I was a member
of the. International Radiation Commission
(1954 to 1963), a member of the International
Ozone Commission (1957 to 1967), a member
of the International Commission on Meteorology
of the Upper Atmosphere (1960 to 1975), and
Convener of the IAMAP Committee on Meteorological Data for Research (1960 to 1964).
WMO agreed formally to coordinate the
functions and rules of the IAMAP's ozone programmes and those of the International Ozone
Commission and I was very active in that process. I wrote most of the regulations that were
immediately adopted by WMO's Executive
Committee.
As convener of the IAMAP Committee on
Meteorological Data for Research, I played a
major role in persuading WMO to adopt a programme of publishing research data in the
physical sciences. Previously, in order to have
ozone, radiation or any other data on a large
scale, it was necessary to correspond with
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individual countries or observatories. This was
an unsatisfactory procedure; what was wanted
was something formalized and simpler and
more direct. Discussions took place between
IAMAP and WMO and WMO finally convened a
meeting of senior people from various countries. A CAS recommendation, emanating from
IAMAP initiatives was adopted, whereby the data
from major physical activities and research
atmospheric physics data would be centralized and made available. Canada immediately
volunteered to collect the data for ozone, and
the USSR those for radiation. Similar activities were gradually set up in various parts of
the world. The system worked rather well and
I am proud to have been associated with its
initiation.
Between 1962 and 1967 I was the rapporteur for meteorology on a special committee for
the IQSY, as well as being a member of a small
group in IAMAP working on the same subject.
Then I was member for meteorology on
the the Committee on Water Research (COWAR)
between 1965 and 1969.
Between 1979 and 1983 I was a member
of the Executive Committee of the Scientific
Committee on Oceanic Research (SCOR) and,
finally, I was chairman of the Steering Committee of the Scientific Committee for Solar Terrestrial Physics (SCOSTEP) from 1982 to 1988
and have been WMO representative on
SCOSTEP continuously since 1977.

radiation, ozone and so on were routinely
carried out by Meteorological Services.

H. T. -You have mentioned the International Year of the Quiet Sun (1962-1967}what was its purpose?

H. T. - Now to GARP. Is it true that you
proposed the name of GATE (GARP
Atlantic Tropical Experiment)?

H. T. -Can you tell us something about
the Panel on World Data Centres and your
role on it?

W.G. -The International Geophysics Committee was set-up to plan for and operate the IGY.
Prof. Van Mieghem was the scientific discipline
member for meteorology but, unfortunately,
died before work was completed. I was named
the scientific discipline member for meteorology from 1962 to 1968. That group later
became the ICSU Panel on World Data Centres
and I was the member for meteorology
between 1972 and 1979.
During the IGY, special efforts were made
in the geophysical sciences to ensure that data
were more readily available and it was felt that
there should be some system of world data
centres in all branches of geophysics such as
those WMO had set up for meteorological purposes. My role was a rather minor one. I had
to report on what we were doing in WMO as a
contributor and to support similar activities in
other disciplines in the hope that others would
see the advantages and do something similar
in terms of data collection and publication.
WMO was well ahead in these areas almost
from the start and we set an example to the
restofthe scientific community.

W.G. -The chief purpose was to conduct
W.G. - I represented ICSU at the meetings that
geophysical studies comparable to those of
WMO convened in 1962 and 1963 to prepare ·
the IGY at a time when the sun was relatively
for GARP and the WWW. I was n"ever a member
quiet (solar activity-sunspots, aurora, etc.of the JOC (Harry Wexler and Victor Bugaev
· were the principal members) but almost invarihad reached an extremely high level in 195 7I
1958). The idea was to use some of the netably attended the meetings, either as a repreworks that had been set up for the IGY and to
sentative of WMO or ICSU.
coordinate international study at a time when
When the programme had been planned in
the sun was much quieter. Essentially, theregeneral terms, it was realized that a scientific
fore, it was a programme designed for high
experiment, which would collect data in a colatmosphere geophysics and, as satellites were laborative way, was needed to launch the probeginning increasingly to appear in space programme. In the past, whenever there had been
grammes, it was rather appropriate to study
international programmes, there had always
the upper atmosphere. Meteorology was not
been a strong desire to explore the polar
regions-starting with the first International
particularly relevant and the meteorological
programme was a very modest one because
Polar Year, a long time ago-whereas the
tropics, which are more readily accessible, had
most of the main activities with regard to
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Offenbach, Germany, April 1990During the tenth session of the Commission
for Atmospheric Sciences, Dr Warren Godson
(fcrr right) received a citation from Prof.
G.O.P. Obasi, the Secretary-General ofWMO,
for uninterrupted services to CAS since its
inception in 1953. With them (from left to
right), are Dr W. Knittel, Deputy Federal Minister of Transport, Dr H. Reiser, Permanent
Representative of Germany with WMO and Dr
Rumen Bojkov, Chief, Environment Division,
Atmospheric Research and Environment Programme Department, WMO

not been investigated thoroughly from either a
meteorological or oceanographical point of
view. lt was decided, therefore, that the first
experiment should study an ocean in a tropical
or equatorial area.
The tropical Atlantic was eventually chosen,
together with the title GARP Tropical Atlantic
Experiment (GTAE). The JOG complained that
this acronym was unpronounceable and, on the
spur of the moment, I suggested interchanging
the words Atlantic and Tropical and calling it the
GARP Atlantic Tropical Experiment-GATEwhich was at least pronounceable and had a
meaning in English. After thinking about it for
about five seconds it was acclaimed as being a
great idea and was adopted!

H. T. -At what stage of your career did
you become interested in environmental
activities?

W.G. I had, of course, been involved in ozone
questions from the start, but it was predominantly the ozone in the stratosphere rather than
the ozone in the troposphere and I had only been
involved in atmospheric pollution per se in terms
of directing research and allocating priorities.
When the importance of atmospheric chemistry
became obvious-initially, I suppose, from the
pollution point of view and then with the acidity
of precipitation in various parts of the world as
a result of industrial activity-! was able to make
sure that the proper resources went into the
areas of meteorological and chemical research.

H. T. - The growing public concern for the
environment was, of course, reflected in
the change of name of your Service?

W.G.- Our Service changed its name from
Canadian Meteorological Service to Atmospheric Environment Service (AES) in 1971,
when the Government decided to create a
department of the environment of which a
major component would be the Meteorological
Service that would address the atmosphere,
water (including, originally, hydrology and
oceanography), land problems and the so-called
Environment Protection Service to deal with the
pollution of water, the atmosphere and the land.
Thus, we became environmentalists by decision, we became environmentalists by logic and
we became environmentalists by necessity.
Canada was keen to explore the environment and to make our expertise available internationally. Maurice Strong*, who was SecretaryGeneral of the United Nations Environmental
Conference in 1972, is, of course a Canadian.

H. T. - What other research have you
done in environmental protection apart
from that on ozone?
W.G. - I did some research in the periphery of
environmental problems. One early paper, for
*
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Mr Strong subsequently became first Executive
Director of UNEP and then Secretary-General of the
United Nations Conference on Environment and
Development (Rio de Janeiro, Brazil, June 1992)

Toronto, Canada, Godson Day, June 1992

Canadian Perrnanent Representatives with WMO since 1959

(ji-om leji to right): Dr Pat McTaggart-Cowan, Dr Art Collins, Ms Elizaheth Dowdcswcll, Dr Warren Godson.
Mr Jim Brucc, Mr Reg Noble and Mr Ho ward Fcrguson

example, studied the deposition of particulate
matter from an elevated source. I used the
results to comment on what it meant for areal
spraying, which is a practical environmental
problem-after all, one doesn't want to be
spraying the wrong thing, or people, when you
are trying to spray trees! I also studied radiative problems at one time, in order to gain an
insight into the behaviour of the boundary
layer. From the point of view of environmental
studies, however, my major contribution was
essentially to ensure that the correct research
was carried out .

aircraft in the world and we used it predominantly for studies in cloud physics and cloud
seeding. We developed a fair amount of expertise and did some interesting studies and, yes,
I am proud of this part of my career.
H. T. -And then you moved on to study
acid rain?

H. T. - You are particularly proud of your
research into cloud physics, I believe?

W.G. Once I perceived the problem of acid
rain and what caused it, I also realized that, to
promote research in the field, it would be necessary to get inside clouds in order to ascertain
the chemical composition and monitor oxidation
and the production of strong acids in situ. We
had a cloud physics research aircraft which was
operated by the National Research Council for
us. lt was probably one of the best equipped

W.G. - I realized eventually that cloud-seeding
activities did not have much of a future. Rather,
we should be researching cloud chemistry and
examining the processes which produce acid
rain. lt was the ideal decision because an in·
depth study of research programmes identified
that as being a key area. I adjusted the programme and called it acid rain and kept together the entire research group and aircraft
facility. I had people who thoroughly understood instrumentation and aircraft and who
rapidly became conversant with cloud chemistry with the result that, for a few years, we
were world-class in atmospheric chemistry. We
maintained our capability in atmospheric
physics because of our studies of droplets and
the heterogeneous chemistry taking place in
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clouds. That was particularly important in Canada, because we needed expertise that was
the equal of any in the USA as we were trying
our hardest to persuade the Americans that
acid rain was a real problem.
H. T. -What is the best way of tackling
the problem of acid rain?

W. G. - lt is simply a matter of having a body of
control legislation in place to reduce the emis·
sions into the atmosphere of major pollutants.
Old electric plants or mineral smelting works can
be modified or new ones built to reduce the sulphur dioxide emissions, but there must also be
controls on emissions of oxides of nitrogen. Any
combustion engine fuelled by petroleum burns
up the major components of the atmospherenitrogen and oxygen-and emits oxides of nitrogen. The atmosphere must be protected somehow from these emissions. Converters can be
installed on the exhaust pipes of automobiles
and trucks-the major source of oxides of nitrogen. lt's a straightforward matter and technologically simple, but economically difficult.
H. T. - Water is another environmental
problem ...
W.G.- Something has to be done about water
before we lose our lakes. We used to think that
the atmosphere was resilient and had an infi·
nite capacity for being insulted by man and
then we discovered that the environment-the
atmosphere, land, water and air-had limits
and, if those limits were exceeded, severe
problems resulted. We have recently discov·
ered, however, that Nature is able in time to
rebuild if the pollution is removed. Take some
of the lakes in Northern Ontario that were so
badly polluted via the atmosphere: the flora
and fauna and the aquatic species are beginning to return and even lakes that were being
polluted by runoff are now better able to sustain major species. Until recently, for instance,
Lake Erie was regarded as virtually dead. lt
was always considered to be a shallow lakeabout 30 metres deep-but there is four or
five times that depth of material before solid
rock is encountered. lt was filled in over the
centuries by material produced in runoff into
the lake. Much of the pollution in the waters of
the lake is not from factories or fertilizers but
from the atmosphere. Similarly, Greenland ice

is not polluted by people climbing the Greenland ice cap and leaving litter-but by the
atmosphere.

H. T. - Is there any other part of the envi·
ronment that needs immediate attention?
W.G.- The problems of acid rain and ozone
are being taken care of. Nations have agreed
that they can no longer go on polluting the
stratosphere. As far as ozone is concerned,
I think it is the first case where international
action has had a significant effect and I am
proud of the way the world has reacted: in
many respects, mankind is becoming cognizant of its responsibilities. That we are the
protectors of the Earth is the essential message that is increasingly coming across to the
nations of the world. Research will continue to
improve our ability to forecast how long it will
take the stratosphere to rebuild, but the basic
knowledge has already been accumulated.
The third problem area is the problem of
the greenhouse effect and this is probably the
most difficult of all, because it is necessary to
have not only total global atmospheric knowledge but total global oceanographic knowledge
as well in order to know what is happening to
climate.
Minor problems will occur, but I believe we
have the capability to deal with them as they
arise. We know one another better these days;
the world is not as big as it used to be nor
places so remote. We are concerned for other
countries and feel for them when natural disasters strike. We are aware now of the importance
of the way in which we live together.

H. T. - What have been your most recent
research interests.
W.G.- Most of my research since I left
research management has been into the
effects on climate of remote forcing. £/ Nifio/
Southern Oscillation is one of the better
known, more widely accepted type of remote
forcing. Another is the quasi-biennial oscillation (QBO), which I worked on many years
ago, when I was doing stratospheric research.
Its impact on climate has been well-known for
centuries. Two others are the Sun-the
remotest source of all-and the effect of variable solar activity on climate; and the polar
cryosphere-the north polar cryosphere in
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particular-and the ocean-ice-atmosphere
interactions at high latitudes in the northern
hemisphere, which seems to have rather
significant consequences at least in middle
latitudes. In all these cases, one is studying the
effects on climate of a mixture of often rather
poorly defined elements in terms of timescales. it has to be proved that they exist and
to explain the processes whereby they take
place but there is no point in trying to explain
the processes until one is sure they happen,
which is a statistically interesting exercise.

scientist in the AES, except that I do not
receive a salary. I do receive support, however-typing, drafting and computer support
and provisions for travel to scientific meetings,
etc., as long as I maintain a research programme which is considered tenable.
it was then realized that I had served the
scientific community for 50 years, and it was
decided to commemorate this achievement in
June 1992 with a day-long symposium on atmospheric science over the last 50 years, with
special reference to areas in which I had done
1 research or been otherwise involved. The sympohat
h
sium was followed by a reception and a banquet.
H.T. _ Are you content w'th
1 w
you ave
M ·t
t.
f
c d d
achieved or is there a scientific problem
any In er~s lng peop1e rom ana a an
ou haven't been able to address for
I abroad .were mv1ted and the Deputy M1n1st~r of
;ome reason or another?
th~ Environment ~resented me w1th a spec1ai
mmtstenal medal m recognition of my 50 years
W.G.- There is a limit to what one can do
of service: it was only the third ever to have
even in 50 years, and I have probably delved
been awarded and the first in my Department,
into most areas of atmospheric science in that
so mine is obviously a rare achievement!
period. I have worked on many areas that have
This day came to be called Godson Day!
not been mentioned in this interview, such as
numerical weather prediction and models:
H. T. -Of all the scientists you have met,
Canada's first operational baroclinic model was
which have impressed you the most?
based on a model that I produced. lt has been
an exciting career from the point of view of
W.G. -That is a surprisingly difficult question
research and what is important is not what one to answer. I have noticed that your interviewees
accomplishes but whether one has been of use invariably evoke the names of university profesto the international or national community in
sors and people in their field when they were
one way or another and to have fun. I feel
starting out, who inspired them. I have looked
sorry for people who say they hate what they
back and come to the conclusion that I have
do. Maybe it is because, economically, they
been self-motivated all my life. The greatest
have no choice. I am fortunate that, in terms of influence on me has probably been my mother.
research, I have had 50 years of fun.
As she never made any conscious attempt to do
so, it must have happened by osmosis or by
example. In a quiet way, she must have imparH. T. - Could you now tell us about Godted to me the importance of academic excelson Day?
lence, of logic and study and of hard work.
W.G. - I left the position of Director-General of I have always perceived my own goals and
Research in 1984 and became Senior Science
objectives. I worked hard and enjoyed what
Adviser where my chief function was to do
I was doing and feel that that is really all the
research and provide advice. Normally, people
recognition and reward a man can expect.
retire from Government service at the age of
65. I was granted an extension and carried on
H. T. - Could you mention a couple of the
working until! was 71 in 1991, when my post
most significant or unforgettable events of
was cut for financial reasons.
your life?
Normally, when people retire, there is a
farewell party; speeches are made and gifts
W.G.- Without hesitation, I would say: being
presented. This was thought not to be approawarded the !MO Prize and Godson Day. These
priate in my case and two special events were
were both exciting days-one probably enjoys
organized. Firstly, I received a special appointthese events more than one should!-and the
ment as Emeritus Research Scientist. This
two occasions were rather similar, because
means that I am treated exactly like any other
they both constituted recognition by a peer

I

I
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group of the same type of activity-contributing to the research of others and to the work
of international organizations and programmes.
The IMO Prize is more internationally prestigious and the presentation was rather unique
in that it was made not in Geneva or Toronto
but, at the request of the President of WMO, Dr
M. F. Taha *, in Cairo, where he lived.
lt is important to realize that these events
are significant to one's family as well as to oneself. Looking back, I see that I made sacrifices
but my family also suffered from my frequent
absences and unavailability. At the peak of my
career, l spent an average of three months a
year away from home at various meetings,
while the nine months l was at home, I was
busy preparing what I was going to talk about
for the other three months.

Dr and Mrs Godson at home at Christmastimc

In retrospect, therefore, the Godson Day
activities were probably more important to me
because my family was able to participate fully.
All my children and my wife's children-eight of
them-live within an hour's drive of AES and
they were nearly all able to attend the celebration and learn at first hand what it was that
I had been doing for the last 50 years-why it
was important to science in general and to my
Service in particular; why, therefore, it was

• Interviewed WMO Bulletin 34 (2)

important to mankind and they could see that
their sacrifice had been worthwhile.

H. T. -We come now to my usual last
question: after 50 years of research work,
what would you say to a person who would
like to take up meteorology as a profession?

W.G. - Fifty years of experience or activity
are not necessarily relevant to the next 50
years or even to the next 5 or 10 years.
Operational meteorology is changing
drastically and more and more activities in the
forecasting domain are being performed by
computer. The conventional type of operational
activity is going to become less challenging,
because so much will depend on artificially
generated intelligence. That does not mean that
the operational type of role in meteorology will
no longer be important, but providing advice for
another activity will be more important than
providing specific information on the weather or
the climate. I do not see pure meteorology as a
single discipline having a future except as a
hobby. The operational person will need to have
a second area in which he/she is knowledgeable and skilled with which to combine meteorology. A combination of business
administration and meteorology, for example,
will probably lead to an excellent career.
As for research, I expect it to be as
exciting as it has been in the last 50 years but
not as simple. lt will probably be important to
be skilled in a number of mathematically related
disciplines and covering both the mathematical
disciplines and the physical disciplines may
make for a heavy load. There is no question
that computers will become more sophisticated and it will be necessary to understand
better how they work, because a computer is a
tool-like human intelligence-to be turned on
and kept sharp. it will not be easy to be successful in atmospheric science research but it
will certainly be challenging.

H. T. -Well, Warren, thank you for this
interesting interview. I am sure that read·
ers of the WMO Bulletin join me in congratulating you on your unique
achievement.
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Professor Antonio W. Goldbrunner

Situated on the north coast of South America,
Venezuela is bordered by Colombia to the west,
Brazil to the south and Guyana2 to the east. it has
a surface area of 916 000 km and a population
of some 20 000 000 inhabitants. Columbus,
who landed there in 1498, described it as
"paradise on Earth".
Venezuela is divided into 22 states, one
federal district and 72 federal dependencies
(islands in the Caribbean Sea). The climate is
tropical and altitude is the principal determining
factor. There are three main climatic zones: the
warm lands up to 600 m altitude; the temperate zone of the Andes and central mountain
ranges between 600 m and 2 000 m; and the
cold lands at elevations of more than 2 000 m.
The rainy season normally extends from the
end of May to the middle of November. In
Guayana territory, annual rainfall is between
2 000 and 4 000 mm and the mean annual
temperature is 27°C. Venezuela has extensive
water resources and abundant underground
riches such as petroleum, gas, iron, bauxite,
phosphates and precious minerals. The rivers
and lagoons teem with exotic fish: tremblers,
which can paralyse a bull or a horse with their
electrical discharge; caribbeans, ferocious fish
which have jaws like pincers and can eat a
small animal in a few seconds; payaras with
their terrible fangs; poisonous rays, etc.
Climatotogical studies in Venezuela date
back to 1 799-the year Alexander von Humboldt initiated barometric, thermometric and
hygrometric observations with adequate instrumentation. The studies of the Caracas valley by
Or Jose Joaquin Hernandez (1829) and those
by Or Car! Sachs (1877) are worthy of mention.
On 18 September 1888, the Cagigal Astronomical and Meteorological Observatory in Caracas
was founded by decree of the President of the
Republic, Or Rajas Paul. The expansion of air
transport and the associated need for an operational aeronautical meteorological service led
to the creation of the Meteorology and Communications Service on 10 October 1947 as part
of the Directorate of Aeronautical Services. This

Professor Antonio W. Goldbrunner
Photo: fl. Taha

later became the national Meteorological Ser·
vice of Venezuela. A naval officer, Miguel
Vicente Vejar Gorrin (now a retired colonel of
the Air Force) was given the task of setting up
this new unit with the collaboration of other
military personnel, and became the first chief.
Initially, meteorological observers were trained
at the Military Aviation School in Panama. The
new Service took over the central management
of meteorological stations from the Cagigal
Observatory.
lt can be said that the year 1950 saw the
dawn of modem meteorology in Venezuela.
This was undoubtedly due to the arrival on the
scene of a young, enthusiastic and active
meteorologist from Germany, Antonio Wilhefm
Goldbrunner, our interviewee in this Issue. He
arrived in Venezuela on 6 June 1950, was interviewed by the Chief of the Service on 8 June
and was appointed chief of the forecasting
section straight away.
Gol-as everybody calls him-got down to
work immediately. Within two days, the first
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Vcne:ue/a, 1968- The President of Venezuela, Dr Rafac! Culdera, presents Prof. Goldbrunncr with the
order Gcnemlfsimo Fraucisco de Mirauda

international meteorological messages in Morse
code were received in Maracay (the second
largest city in Venezuela and the headquarters
of the national Meteorological Service); the first
synoptic chart was plotted and analysed and,
no more than a week later, the first official
weather forecast for Venezuela was issued. The
first radio bulletin of weather news and forecasts was broadcast on 30 June 1950. From
then on, weather forecasts were prepared and
issued daily. Another major feat was the launching in Maracay on 21 June 1950 of the first
radiosonde, which made Venezuela one of the
pioneers in upper-air observations in the region.
Gal's activities were not confined to practical work. Realizing that the most important
prerequisite for successful Meteorological
Service was the availability of trained personnel
at all levels and of all categories, he embarked
on an extensive training programme. Over a
period of 30 years, he gave courses to staff of the
Air Force and to school and university students
on subjects ranging from instruments and
methods of observation and weather forecast-

a

ing to climatology and its applications. In fact,
he has been associated with the Central University of Venezuela as a professor virtually
since the day he arrived.
Many honours, prizes and decorations
have been bestowed on him in recognition of
his services to Venezuela, particularly in the
fields of atmospheric physics and meteorology.
These include la Cruz de la Fuerza Aerea Venezolana; la Orden El Libertador; and la Orden
Generalisimo Francisco de Miranda.
Go/ is well known in the international
meteorological community and within the WMO
Secretariat. Dr Taba has known him for many
years and, when he met him for our interview,
was struck, once again, by his serenity and his
strong character. Those who have worked with
him regard him with great respect and affection. His relations with staff of the Service have
always been marked by a sense of collaboration, thoroughness, and a determination to see
his objectives realized. Although fragile health
these past few years has made him slow
down, he continues working, and the staff of
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the Meteorological Service value his wisdom
and experience.
We would like to thank Go/ for according
Dr Taba this interview, which took place in
Maracay, Venezuela, on 5 November 1992.

the Second World War. At the beginning of the
war, I was an observer in a meteorological
reconnaissance flight unit. In 1941, I started
mathematics and physics at the Technical Uni·
versity in Vienna and, after studies at the Hum·
boldt University in Berlin, was appointed
meteorologist at the end of 1943.

H. T. - First of all, please tell us some·
thing about your childhood and family
background.

H. T. -Who were your professors in your
meteorological studies?

A.W.G. - I was born on 10 October 1914 in
Munich in Germany, the youngest of five brothers and sisters. My father, the son of a farmer
in Hallertau, to the north of Munich, was an
official in the German Railway Company. My
mother was the daughter of a farmer in Lower
Bavaria.
Although my childhood was overshadowed
by political and economic strife-! remember a
woman being killed during fights between the
so-called "whites" and "reds" in the revolution
of 1919 and the days when a roll of bread cost
10 million Deutschmarks-it was, nevertheless,
a happy time. I have fond memories of holidays
on my uncle's farm in Lower Bavaria and, later
on, of walking tours in Prague, Vienna and
Budapest with a Catholic boys' group--an
organization similar to the Boy Scouts. From
my earliest boyhood, I dreamed of seeing the
world.
H. T. - What did you do after high school?

A. W.G. -I finished high school in March 1933.
Before beginning my studies in German philosophy and history at the Maximilian University in
Munich, I had to join the students' voluntary
labour service and spent six months constructing a new highway in the Bavarian forest.
H. T. -What made you change your field
of studies from philosophy and history to
meteorology?

A.W.G. -In order to help pay for my studies,
I found a job in the Rainfall Section of the
Bavarian Hydrographic Bureau (Bayerische
Landesstelle fUr Gewasserkunde). As well as
being responsible for about 700 existing rainfall stations, I also installed new totalizing rainfall recorders in remote regions of the Bavarian
Alps. That was the beginning of my involvement in hydrometeorology! My studies were
interrupted by two years' military service and

A.W.G.- My first lecturers on general meteorology were Prof. A. Schmauss of the Meteorological Institute of Munich and Prof. H. von
Ficker at Vienna University and I received excellent lectures on geophysics-the ozone layer,
the ionosphere and geomagnetism-from Prof.
J. Bartels of the University of Gottingen; these
are of value even today. The lectures that influenced me the most, however, were those on
theoretical meteorology given by Prof. H. Ertl
at the University of Berlin. Those lectures have
remained for me models of how to present
meteorological problems to students in a clear
and concise manner.
H. T. -Tell us something about your early
experiences.

A. W. G. - In the last part of the Second World
War, I was in charge of the communications
unit of a parachute battalion, before being
taken prisoner by Canadian forces on 13 April
1945 in the Netherlands. I was sent to a prisoner-of-war camp at Brussels·Vilvoorde in Bel·
gium, where I stayed for six months. To pass
the time, I acquired some plywood boards and
made chess sets, using a little knife. I made
the hinges for the folding boards from cans
and nails and I dyed the black figures with
potassium permanganate. I exchanged six
chess sets with my captors for food, although
they wanted to pay me with cigarettes, which
constituted the general currency in the camp.
Also, within the prisoners' cultural programme, I delivered lectures on various subjects in geophysics, including meteorology.
That experience stood me in good stead in
my future teaching career.
H. T. -And after the war?

A.W.G.- When I went back to Munich in
October 1945, I was taken on as an aeronau-
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tical forecaster in the 442nd USAF Weather
Squadron at Munich-Riem Airport.
In August 1947, I joined the newly created
German Weather Service in Berlin Tempelhof
Meteorological Office and attended the socalled "Scherhag course"l at the Free University in West Berlin. Afterwards, I worked as an
aeronautical meteorological forecaster at
Stuttgart Airport.

Guaira in Venezuela aboard the Italian ship
Lugano. Two days later, I spoke with the Chief
of the Service and first Permanent Representa·
tive of Venezuela with WMO, Major M. V. Vejar
Gorrin and was immediately appointed chief of
the forecasting section. After introducing
myself to four sergeants who had undergone a
course for observers in the US Air Force school
in Panama, I took possession of a small, rather
bare office.

H. T. - The long-awaited reunion with your
wife must have been highly fraught?

H. T. - How did you proceed?

A.W.G.- This was an exciting episode. As a
former combatant in the Second World War,
I could not get a passport. So, one night at the
end of October 1948, I crossed the GermanSwiss frontier near Basle and, whistling to give
myself courage, I entered the town, went to
the station and found a seat on a train going
to Geneva. Once there, I presented myself to
the International Red Cross. I had papers from
the prisoner-of-war camp at Brussels-Vilvoorde
and others from the police at Munich, attesting
that I was not a criminal, and they provided me
with a so-called Nansen passport. Next day,
I arrived at El Prat Airport in Barcelona, Spain,
where I was reunited with my wife-1 had not
seen her for seven years. Two civil policemen
were also there, however, waiting to arrest me
by order of the Allied Commission of German
Affairs at Madrid for having crossed the German- Swiss frontier. Thanks to General Azcarraga, Chief of the National Meteorological
Institute of Spain, I was freed in January 1949.
H. T. - When and why did you go to
Venezuela?

A. W. G. - I wanted to leave the old Europe. So
I approached several Meteorological Services
for employment as a meteorologist. I received
several replies, including one from the Philippines, but one in particular appealed to me. lt
was the announcement of a vacancy for a
meteorologist to establish a forecasting section
within the Air Force Meteorological and Communications Service at Maracay in Venezuela. The
possibility of creating something new attracted
me. On 6 June 1950, I arrived at the port of La
Prof. Richard Scherhag held the Chair of Meteorology at the Free University of Berlin (see also WMO
Bulletin 41 (3), p. 263 and 42 (2), p. 103).

A.W.G.- Hitherto, reports from the 13 synoptic stations in Venezuela had been collected in
Maracay by the Venezuelan airline Aeropostal,
the Venezuelan Army radio and by civil radio,
but not in real time.
I installed some radio-receiving equipment
and, knowing Morse code, initiated the reception of several meteorological broadcasts from
Miami, Panama, Lima, Rio de Janeiro and the
Guyanas. As the four sergeants knew how to
plot charts and some radiotelegraphy, they
eventually took over the work and a subsection
was created. On 10 June 1950, I attempted
the first forecast in a general sense; a week
later, the first official general forecast for Venezuela was published; and, on 30 June, Radio
Girardot of Maracay broadcast the first forecast. lt is interesting to note that the coverage
of surface maps with plotted reports was better than with reports received by teletype.
As of the first day, I started teaching and
filing instructions; it was a 15-hour job without
a day off during the first two years.
H. T. - How would you describe the state
of meteorology and meteorological services in Venezuela in those days?

A.W.G. -In those days, meteorology in Venezuela was mostly concerned with the provision
of basic climatological advice to a small number of users. The climatological network in
1947 comprised about 300 rainfall stations
and some 19 evaporation stations-most of
them concentrated in the northern part of the
country, i.e. the most populous part.
The various networks were operated by
the Division of Hydrology of the Ministry of Public Works and the Agrometeorological Service
of the Ministry of Agriculture. The Division of
Malaria of the Ministry of Health also operated
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12 climatological stations. The recently established Meteorological and Communications Service of the Air Force in Maracay had also taken
over, in 194 7, the network of climatological
stations, which had originally been set up in
. 1913 and run by the Observatorio Cagigal on
behalf of the Meteorological Service.
The heads of various institutes dealing
with meteorology and hydrology met in 1948
and recommended the establishment of a
national Meteorological and Hydrological Service in Venezuela.
At that time, the climatological stations of
the Air Force Weather Service were provided
with new equipment, and half the stations were
transferred to the airports. Observers at these
stations were trained at AI brook Field USAF
School in Panama and that was when the transmission of synoptic reports to Maracay began.
The climatological statistics of the period
1891-1948, published by engineer Epifanio
Gonzalez, which are an important source of
information, should also be mentioned.

H. T. - You had various appointments in different schools, institutions and universities;
could you tell us something about them?
A.W.G.- Ever since I arrived in Venezuela,
I have been engaged in teaching. First of all,
I instructed my four assistants in synoptic
meteorology, then I planned and delivered lectures to staff of the various sections of the Service on general meteorology, instruments and
methods of observation and climatology.
Incidentally, when I gave the first course
on aeronautical meteorology to pilots of Transport Squadron, a banner hung over the door
bearing the advice: "Do as the birds do-only
fly when the weather is good!"
In 1951, I started teaching at the Air
Force officers' school. In 1959, I was asked to
introduce the subject of tropical meteorology
at the Central University of Venezuela and subsequently gave lectures on thermodynamics of
the atmosphere and physics of the high atmosphere for nearly 30 years. In 1968, I was
appointed professor at the Universidad Pedagogic a (Teachers' Training College) £1 Libertador in Caracas. For 13 years, I taught clima·
tology and synoptic and tropical meteorology
to about 600 students. These students-more
than half of them girls-are now teachers of
environmental science all over Venezuela.

H. T. -What have been the main factors
and events in the evolution of meteorology
and of the Meteorological Service in
Venezuela from 1950 until the present?

AW. G. - The inception of the World Meteorological Organization in 1950 exerted a great
influence on the Venezuelan authorities to
improve the national Meteorological Service. At
the same time, there was an increasing need
for aeronautical meteorological forecasts for
military and civilian aviation. The Air Force
Meteorological Service rose to the challenge
by modernizing the 13 synoptic stations and
establishing new ones-at present, there are
33 synoptic surface stations and four radiosonde stations in operation. The national
meteorological telecommunication network
was initiated. For aeronautical purposes, a
meteorological office was set up at Caracas
international airport in 1956. The RTH Maracay
operates within the Global Telecommunication
System of the World Weather Watch. For climatological statistics, the modern CLICOM system
was introduced. The synoptic network is provided with instruments for the measurement of
solar radiation and soil temperatures as well as
evaporation. About 150 principal climatological
stations, 150 ordinary climatological stations,
1 200 rainfall stations (750 of them provided
with recording gauges) and about 120 evaporation stations are currently in operation.
Although the network is fairly evenly distributed, it will nevertheless be necessary in
the future to extend it in order to obtain a complete coverage of the whole of Venezuela.
H. T. -When did you have your first con·
tacts with WMO? In which WMO activities
were you involved?

A. W. G. - My first contact with WMO was in
1952, with the Secretary-General, Dr Gustav
Swoboda2. In September 1953, I was a delegate to the first meeting of Regional Association Ill (South America) in Rio de Janeiro. lt is
my belief that my vote may have been crucial
in the decision to publish RA Ill meeting reports
in Spanish as well as in English. From that time
on, I participated in six RA Ill meetings as delegate, alternate or principal delegate. I also
participated in seven World Meteorological
Congresses, beginning with Second Congress
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First Secretary-General of WMO (1951-1955)

Maracay, Venezuela, 1957- Prof. Goldbrunner (right) with Mr A. Viaut, President of WMO (centre), and Major Oviedo
·
Uzcategui, Chief of the Air Force Weather Service

in 1955, and, as advisor to the Permanent
Representative of Venezuela with WMO, I participated in four Executive Council sessions,
starting in 1971. For two terms of office, I was
elected chairman of the RA Ill Working Group
on Telecommunications. The first meeting of
this group, in September 1964, recommended
that RA Ill-and subsequently Congressadopt the regional telecommunication network
for RA Ill which had just been drawn up by the
First Technical Conference on Telecommunica·
tions for South America.

the effective unit which it is today, serving the
international meteorological community. In my
opinion, the relationship was useful for both parties. In short, I participated in about 45 international meetings on meteorology and I made
every endeavour to implement the relevant recommendations and resolutions in the Meteorological and Hydrological Services in Venezuela.

H. T. - What do you consider as your most
important contribution to meteorology in
Venezuela?

H. T. -You later became Permanent Rep·
resentative of Venezuela with WMO and
retained the post for several years ...

A.W.G. - I was appointed by the Government
in February 1959 to serve as Permanent Representative of Venezuela with WMO-a post I held
until1971. As a result, my contacts with WMO
increased and intensified. I had a friendly and
fruitful relationship with the Secretariat, especially with Dr D. A. Davies3 and his staff, Messrs
Langlo, Veranneman, Ashford, Weiss and Taba,
and later on with the Chief of the Regional
Office for South America. As a Permanent Rep·
resentative for 12 years, I was in a position to
observe how the Secretariat evolved to become
3

Secretary-General of WMO, 1955-1979; interviewed
WMO Bulletin 40 (1)

A W.G. -For me, my most important contribution was taking meteorology to the whole country: I taught the subject not only at Air Force
schools but at the Teachers' Training College
and the Department of Meteorology of the Central University of Venezuela, which prepares
specialist personnel in meteorology and hydrology. The University library was inaugurated in
my name a few years ago, which must mean
that my former colleagues think I did some
good work there, and I am grateful to them.

H. T. -You are also the author of many
books?

A.W.G.- For teaching purposes, I wrote
some basic publications, which were published
by the Air Force Meteorological Service. The
most important ones were on meteorological
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instruments and observations, general and
aeronautical meteorology; and codes.
One publication entitled Meteorological
Background of the Extraordinary Rainfall in Vene·
zuela serves as an introduction to the study of
tropical synoptic meteorology in Venezuela.
Another-and it seems to me an important
one-is Climate in Venezuela and its Classification. In it, I expanded Alexander Humboldt's
"thermic floor" classification. I also explained this
classification in the Climate Atlas of Venezuela
(1951-1970), which I consider my most significant and useful publication. This was the first
comprehensive climatic atlas produced in Venezuela (apart from the provisional one I made in
the year 195 7). lt contains 68 pages of information on monthly and yearly total rainfall and days
of rainfall, monthly and yearly maps of temperature and solar radiation, thunderstorm days, rei·
ative and specific humidity, and monthly maps
showing the introduction and extent of the dry
and wet seasons throughout Venezuela. There
are also graphs of rainfall intensities at selected
stations and of daily and hourly variations of
atmospheric pressure, temperature, relative
humidity, rainfall, occurrence of thunderstorms,
sunshine duration and amount of cloud cover.
Some of these maps, particularly the temperature and rainfall ones, are also included in the
Physical Atlas of Venezuela.
H. T. -Are you working on a publication at
the moment?
A. W. G. - I am preparing a book on tropical
and synoptic meteorology, which several WMO

Geneva, June /974

Members in South America, especially the
Andean countries, are eager to see.
H. T. - Did you have any professional contacts with neighbouring countries in South
America?

A. W.G. -In my capacity as Permanent Representative of Venezuela with WMO, I had fre·
quent and useful professional contacts with
neighbouring countries in Central and South
America. I was glad to share my personal expe·
rience with colleagues from other national
Meteorological Services and to discuss matters which required regional coordination. In
this task we always received full support from
the WMO Secretariat.

H. T. - In your opinion, what are the most
important meteorological activities in
Venezuela these days?
A. W.G.
The most important meteorological
activities in Venezuela concern the improvement and modernization of the national
meteorological telecommunication network;
increasing the number of synoptic and climato·
logical stations and meteorological radars.
These programmes are necessary in order to
improve current forecasting procedures and to
start, in the not-too-distant future, numerical
forecasting. The links between RTH Maracay
and Brazil, Colombia, Ecuador, Suriname,
Guyana and French Guyana must be upgraded,
and the reception of messages from the
Caribbean improved. Current forecasting and

Participants in the twenty-sixth session of the Executive Committee. Prof. Goldbrunner is standing
second from right
Phmo: G, Vuarchex. Bellel'll<' (Gem•m)
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Engineers, Caracas), a paper entitled "Climatic
and synoptic changes of influence in Venezuela". The second part of this paper was
devoted to the changes which might be produced by a temperature change of +0.5"C in
the tropical regions. My forecast is that there
will probably be an increase of between 5 and
10 per cent of rainfall and the dry season will
be interrupted by rainy periods. The limit of
the tropical zone will perhaps move 500 1 000 km to the north and there will be an
increase in the number of hurricanes, which
will have irregular patterns of movement in the
Caribbean Sea.
H. T. - What is the attitude of the national
Meteorological Service toward the protection of the environment?

Prof. Goldbnmner accompanied Dr D. A. Duvies,
Secretary-General of WMO, on a sight-seeing trip to
Colonia Tovar in 1'>75, during a training seminar in
Caracas

future numerical forecasting have to be oriented to predicting more exactly the beginning
and end of the wet season, especially for users
in the agricultural sector.
H. T. -How would you describe the
degree of involvement of the Venezuelan
Meteorological Service in problems of climate variation and climate change?

A.W.G.- Research into climate variation and
climate change is only just beginning in Venezuela. First of all, the series of temperature
and rainfall records have to be homogenized.
The National Commission for Meteorology and
Hydrology recently issued an official statement
concerning climate change in Venezuela based
on an analysis I made of the series of yearly
temperatures from the Observatorio Cagigal
and Maracay stations, which have kept records
since 1891 and 1934, respectively. As the
statement indicates, it is too early to speak of
a climate change in Venezuela, but the period
until the year 2000 will be devoted to analysing
and forecasting climate change.

H. T. What, in your opinion, are the climate changes that are likely to take place
in your part of the world ?
A. W. G. - In March 1992, I presented at the
seminar "Climate, Water and Land" (Board of

A.W.G.- The protection of the environment is
the responsibility of the Ministry of Environment and Renewable Natural Resources (Ministerio del Ambiente y de Jos Recursos
Naturales Renovables). The Ministry watches
over the conservation of vegetation, wildlife,
the rational use of water resources and soil,
and, in collaboration with the Meteorological
Service, the atmosphere. lt creates and maintains the basic structures necessary for these
purposes and sees to the compiling of scientific and technological information regarding
environmental matters. The ministry was
formed by grouping several sectors of Venezuelan Public Administration, the Ministry of
Mines and Hydrocarbons, the Ministry of Agriculture, the Ministry of Health and the Ministry
of Public Works, and is an institution which
works with realistic programmes. The environment and natural resources are concerns which
cannot be ignored in a country such as Venezuela, which is in the process of development.
To achieve full implementation of its
environmental objectives, Venezuela has
approached many international and national
institutions with a view to obtaining financial
and technical assistance through several programmes involving the transfer of technology.
Here, mention could be made of WMO, UNDP,
the lnter-American Development Bank, the
World Bank and several bilateral channels. At
present, more than a dozen environmental
projects-dealing in particular with water
resources-are either under study or are
being executed.
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H. T. -Is the greenhouse effect an acute
problem in Venezuela?

A.W.G.- To date, environmental pollution in
Venezuela is acute only in the cities-especially Caracas. The record of yearly means of
temperature at the Observatorio Cagiga/ shows
a climate variation between the years 1891
and 1940 which was repeated from the latter
year to 1990. The decades of 1940-1950 and
1950-1960, however, showed rises in temperature, probably due in part to the fact that
skyscrapers were replacing old-style colonial
buildings in Caracas.

WMO for the training of instructors. UNESCO
also donates books on hydrology and the
Council of Humanist and Scientific Development (CDCN) has donated equipment for developing the sediment laboratory. Short lectures
will be given in high schools with the aim of
attracting students. The university authorities
are also developing a WMO Class I level programme for the whole of South America.
The main problem of the Centre is the
diminishing number of students, which is a
result of the economic crisis in Venezuela and,
indeed, in the whole of Region Ill.

H. T. - Could you tell us about the WMO
Regional Meteorological Training Centre
in Caracas and courses available there?

H. T. - Could you tell us something about
previous and ongoing WMO/UNDP pro·
jects in Venezuela ?

A. W.G. -The WMO Regional Meteorological
Training Centre is part of the Department of
Meteorology and Hydrology, Faculty of Engineering, of the Central University of Venezuela
in Caracas. The programme of studies covers
five years or ten semester courses leading to
the title of hydrometeorological engineer.
The basic programme includes mathematical analysis, descriptive geometry, physics,
chemistry, computer technology, topography,
statistics, atmospheric science, etc.
The specialized lectures include general,
physical, dynamic, synoptic and tropical
meteorology, meteorological instruments and
observations, climatology, groundwater, operational hydrology and management of hydrological resources. There are also optional subjects
such as agrometeorology, microclimatology,
aerology, astronomy, bioclimatology, etc. The
hydrometeorological engineers can follow
appropriate postgraduate courses in meteorology or hydrology.
Several courses specializing in meteorology and hydrology are also available for
Class 11 technicians.

A.W.G. -In recent years, five WMO/UNDP

H. T. - The Centre is well equipped and
thriving?

A. W.G. -The Centre has meteorological, climatological and sediment laboratories and also
has a climatological station and a library.
As well as WMO publications, which are
considered important for its operation, the Centre regularly receives financial assistance from

projects related to strengthening and improving the existing meteorological and hydrological services have either been, or are being,
carried out. These projects have been most
successful-the results are extraordinarily
good-and will therefore be continued. I do
feel, however, that more time should be devoted to the training of technical personnel in the
maintenance and operation of newly introduced
electronic equipment, in order to avoid the high
proportion of non-operating hours. If this cannot be achieved, I feel that it would be better
to have equipment which may be less sophisticated, but which has been tested for a long
time operationally.

HT. - Please describe one of the most
unforgettable events of your professional
life.
A.W.G.- The most unforgettable event was,
unquestionably, my participation in the Fifth
World Meteorological Congress held in April
1967 in Geneva. The motor for this event was
WMO's new and most important programme:
the World Weather Watch. That programme signified a breakthrough to the universality of
meteorology. The plenary session on 6 April,
which adopted Resolutions 16 and 17 (Cg-V)
and which was addressed by United Nations
Secretary-General U Thant, was a memorable
occasion. The WWW is, and should continue to
be, the fundamental programme of WMO and
the GTS must be strengthened and expanded.
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Graduation of staff of the Technical School of the Air Force, Maracay, in the second Class II forecasting course
( 1965!1966). Prof. Goldhnmner is seated centre; seated on the extreme right is Lieutenunt Thlin Praclo, who later
( 1987/1988) became Chief of the Air Force Weather Service and Permanent Representative of Venezuela with WMO and
subsequently rose to the rank of General

H. T. - How do you see the future of
meteorology in Venezuela 7

A.W.G.- Professional meteorologists and
hydrologists are now highly motivated chiefs of
service. Their personal efforts, together with
national inputs and external support, will lead to
progress in technology and science; national
requirements will be met and international standards attained. Assistance from WMO, UNDP
and other donors will be used to complement
the substantial government inputs.
Whether the counterpart is provided by
individual services or by national institutes is
unimportant, but my opinion is that a centralized institution might offer the most effective
and economical solution.
H. T.

missions for the weather watch, climatology,
instruments, solar radiation and so on.
In December 1991, the Commission sponsored the first national comparison of pyranometers in Porlamar, Margarita lsland4, and, in
March 1992, the seminar "Climate, Water and
Land".
One of the most important tasks of the
Commission is the elaboration of the complete
national plan for meteorology and hydrology,
inspired by the Third WMO Long-term Plan. The
chairman and members will make all efforts to
complete the elaboration of the plan in 1993.
H. T. - You have lived more than half your
life in Venezuela. Venezuela has taken you
to its heart: you must feel it is your home?
I have lived here for 42 years and
I am most grateful, not only to the Venezuelan
Government and the Air Force, but to the
whole of Venezuelan society for the confidence
they have had in me, since, for more than 35
years I have been a Venezuelan citizen with
only one passport-the Venezuelan one.

A. W.G.

What are you doing nowadays?

A.W.G.- For more than two years, I have held
the chairmanship of the National Commission
for Meteorology and Hydrology. Among its main
functions are the coordination of the national
Services involved as well as the promotion of
meteorology and hydrology and related fields.
The Commission also advises the President of
Venezuela on policy-making issues in the fields
of meteorology and hydrology. The members of
the Commission are all chiefs of the various
meteorological and hydrological services,
including also the chief of the Meteorological
and Hydrological Department of the Central University of Venezuela and the chief of the Centre
for Advanced Studies on Tropical Climate
(CEACT). The work is done by various subcom-

H. T. - Professor Goldbrunner, thank you
for according me this interview. I and all
readers of the Bulletin wish you and your
adoptive country all the best for the
future.
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See WMO Bulletin 42 (1 ), p. 77.

Ms Elizabeth Dowdeswell

The Intergovernmental Meeting on the World
Climate Programme-a/so known as The Climate Agenda-was convened by WMO on
behalf of the seven sponsoring organizations
(WMO, UNEP, UNESCO and its IOC, FAO, UNDP
and JCSU) in Geneva from 14 to 16 April 1993.
The newly appointed Executive Director of
UNEP, Ms Elizabeth Dowdeswell, addressed
the opening session. An extract from her
remarks is given below:
"In this period of United Nations reform, the
Secretary-General [of the United Nations] is
particularly interested in mobilizing the
resources of the entire UN family towards
global solutions. In this period of post-UNCED
reflection, he recognizes that implementation
of sustainable development will require the
energies of us all.
There is a movie-starring Alec Guiness,
I believe-in which seven characters are played
by the same actor. Having come to the climate
drama as eo-chairman of the Intergovernmental
Negotiating Committee [for a Framework Convention on Climate Change] working group, as
a member of the WMO Executive Council, as a
principal delegate to the Intergovernmental
Panel on Climate Change, and now as having
some new responsibility for UNEP, I begin to
sympathize with [the actor for] all the costume
changes.
As well as having learned a new respect for
Alec Guiness, however, I have learned something more serious. The process by which the
world deals with climate change is extremely
disjointed. Whereas, from one scene to another,
Alec Guiness would, at least, have been sure
that he was acting in the same movie, I would
be hard pressed to say the same of the world
of climate change."

lt was on 8 December 1992 that the UN
General Assembly elected Ms Dowdeswell as
the third Executive Director of the United
Nations Environment Programme, to replace
Or Mostafa K. Tolba, who retired at the end of
that year. For the benefit of those readers who
are unfamiliar with Ms Dowdeswel/'s life and
achievements, here is a short biography.
Elizabeth Dowdeswell was born in Northern Ireland. Her father is a clergyman and her

Elizabeth Dowdeswell
Photo: UNEPIB. Wahihia

mother a teacher. While she was still very
young, her family moved to Canada and the
prairies of Saskatchewan, where she spent
most of her life. From the University of Saskatchewan, she obtained a degree in home
economics, followed by a teaching certificate,
majoring in fine arts with an emphasis on
music. Later on, she took a masters degree in
behavioural sciences.
At the time of her appointment as Executive Director of UNEP, Ms Dowdeswell was
Assistant Deputy Minister at Environment Canada and head of the Atmospheric Environment
Service (AES)-the primary national weather
and atmospheric agency-and Permanent Representative of Canada with WMO. In charge of
a staff of 2 500 and a budget of CAN $280
million, she was responsible for transforming

245

the agency by integrating policy development,
educational programmes and socio-economic
development imperatives with the traditional
operational public service and scientific
research functions.
In addition, she has had extensive experience in the international environment field, notably as Canada's principal delegate to the
WMO/UNEP Intergovernmental Panel on Climate
Change (IPCC) and as eo-chair of the working
group on mechanisms in the negotiations leading to the Framework Convention on Climate
Change (FCCC), which was opened for signature
in June 1992 in Rio de Janeiro during UNCED.
Earlier in her career, she was also the Canadian
Chair of the Great Lakes Water Quality Board
for the Canada-United States International Joint
Commission.
Prior to joining the Canadian Environment
Ministry, Ms Dowdeswe/1 managed a number
of public inquiries and royal commissions into
the country's national unemployment benefits
programme, water policy and the provision of
weather services.
She attained the rank of Deputy Minister of
Culture and Youth of the Province of Saskatchewan, a post she held for five years. Her early
career also included terms as human rights
ombudsman, university lecturer, programme
consultant for the provincial department of education, and high-school teacher.
Ms Dowdeswel/'s commitment to achieving sustainable development has led to invitations to address major gatherings in both the
developed and developing world. In the recent
past, she has addressed meetings of agronomists, engineers, lawyers, educators and scientists in China, Hungary, Italy, Japan and the
USA, as well as at home.
Ms Dowdeswe/1 was the first woman to
head AES and is the first woman to have
become Executive Director of UNEP.
In 1991, she was elected a member of
the WMO Executive Council (having been an
acting member since 1989). In view of her
past contacts and activities with WMO and the
fact that there has always been a close and
friendly working relationship between WMO
and UNEP, it was only natural that an interview
with Ms Dowdeswe/1 should be included in the
WMO Bulletin.
We present our sincere thanks to Ms
Dowdeswe/1 for according Or Taba this interview, which took place on 13 February and 13

April 1993. Or Taba says it was not easy to
arrange appointments with Ms Dowdeswe/1, as
she appeared to be airborne most of the time!

H. T. - Could you please tell us about your
early working experiences?
E. D. - I did extension work for the University
of Saskatchewan and was primarily interested
in working with young people. I then went into
teaching. I taught home economics and also
drafting and design in industrial arts. I then
spent some time as a guidance counsellor and
in designing high-school curricula for the Department of Education. I then went to the University of Alberta, where I taught economics
and marketing before being called back to the
Department of Education of the Government of
Saskatchewan. For two years, my job was to
create an awareness of the need for studies in
consumer education, to design curricula and to
train teachers who could take over from me. At
that point, I became a special assistant to the
Deputy Minister of Education with responsibility
as a human rights ombudsman as well as for
all of the Saskatchewan Government's work in
Education. Following that, I spent almost five
years as Deputy Minister of the Department of
Culture and Youth. That was a department with
responsibility for the arts, multi-culturalism,
heritage, sports and recreation and youth
employment-a variety of activities in the
social development field. I then joined the Federal Government in Ottawa as a senior management consultant, where I was essentially a
trouble-shooter and loaned out to deputy ministers when they had problems. For the last ten
years, I have worked to bring the public into
public policy making, managing public enquiries or royal commissions, which ranged from
reviewing the level of weather services provided, to federal water policy and unemployment
insurance.
Subsequently, I become Regional Director
General for Conservation and Protection with
Environment Canada, located in the Ottawa region, and one of my responsibilities was managing the Great Lakes. lt was a job which had
elements of environmental protection-land,
water and wildlife. After three years I was
appointed Assistant Deputy Minister of Environment Canada and head of AES. Although essentially the national Weather Service, AES is also
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the source of Canadian research and policy
making with respect to atmospheric issues.
I should also like to add that, while I was
teaching, for some seven or eight years, I was
also a farmer.

straints but I have experienced a lot of joy in
doing the work I have done.

H.T.- You reorganized substantial parts of
AES while you were there, some as an economy measure and some in response to
national and international developments in
climate. Would you care to expand on this?

H. T. -When did you become interested in
the international environment field ?
E. D. -When I became involved in environmental matters, it became obvious to me that most
of the critical problems facing us could not be
solved at the local level. Certainly, my work in
conserving and protecting the Great Lakes depended greatly on collaboration with the United
States of America. The atmosphere, however,
knows no political boundaries and, consequently, any impact on or solution of problems
has to be elaborated in conjunction with many
other countries.

H. T. -You have had an extremely multifaceted career. Looking back, can you discern some common thread running through?
E. D. ---,-I have changed jobs about every three
years and moved from one field to another.
That is partly because I have been lucky but
also because I am curious and enjoy learning.
I am something of a risk-taker, because I jump
straight into things, even if I am not necessarily
trained to do them. Experience acquired in one
field, however, can be applied to another.
A major influence has been education. If
you really want to bring about change then you
have to be able to educate people. You have to
be able to influence attitude and behaviourwhether you are talking about environment or
education-as the same principles apply. Also,
I have always believed in multi-disciplinary
work. I am a generalist and, although there are
days when I long to know everything there is to
know about any one subject, I know I will not.
One of my strengths is that I have been able to
put together teams of people from a variety of
backgrounds, which results in a better product.
My role has always been one of designing and
orchestrating rather than that of being the
expert. Another common denominator is that
all my work has been in public service, which is
perhaps a reflection of my upbringing and the
fact that my father is a clergyman and my
mother a teacher. I have been fortunate; not
only have I have not experienced many con-

E.D. -it was my belief that, while we had
much more to offer then just being a weather
service, we needed to take advantage of the
available skills and abilities we had within and
we needed to mobilize our meteorologists and
technicians who were out in the field. The
people who provided the weather service in
offices all across the country could easily be
used to provide environmental services. My
aim was to strengthen the regional capability
to become a fully fledged environmental service. We are only just beginning to bring the
social sciences into the work of AES. Good
science is not going to be of use to us if it is
left sitting on the shelf! Only when we work in
multi-disciplinary teams, with the social sciences side by side with the natural sciences, will
we be able to accomplish that. One of my first
steps was to engage an energy consultant
from the private sector. This baffled many
people but his services became increasingly
important as we started to assess and develop
policy in the area of climate change.
H. T. - Please tell readers about the "Green
Plan", which was undertaken by the Canadian Government a few years ago?
E.D. - Essentially a framework for the development of environmental thinking and activities
for Canada for the next five years, the Green
Plan was an attempt to change the way we
make decisions. Based on the principle of sustainable development, at least half the Plan
concentrates on education, developing sound
science, changing decisions, getting our house
in order and environmental assessment and
citizenship.
lt also provided a much-needed framework
within which action would be taken on topics of
immediate concern to Canadians such as climate change, ozone, maintaining spaces and
species and biodiversity. it lays a philosophical
foundation for further action that is at once
retroactive in the sense that it seeks to rectify
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past mistakes and preventive in that it seeks to
avoid future ones. lt is a far-sighted plan which
contains a mechanism to update the five-year
programme on a regular basis. More particularly, the Canadian Government is accountable
to the public and has to report periodically on
progress. lt is an example of the kind of sustainable development planning that crosses the
entire system not only of governments but also
the private sector. lt is going to be one of the
contributions that Canada makes to the United
Nations Development Programme on capacity
building and I hope that we can help other countries around the world develop their national
strategies and plans to achieve sustainable
development.

H. T. - You were Permanent Representative
of Canada with WMO under an austere
financial regime. At the same time, you
were seeking funds for the Green Plan.
How did you handle this situation?
E.O. - One never has sufficient resources to
do everything one wants to do! lt was fortunate
for us that the Green Plan came along when it
did and that we were able to build some initiatives into that planning. Even more important,
however, is the rare situation pertaining in Canada-but one I would highly recommend-in
which the national Weather Service is a part of
the Department of Environment. lt not only supports the basic infrastructure of the Department but also has the basic science to address
many environmental problems. Especially when
public concern and government willingness to
address that concern coincide, as they do with
environmental issues, the national Meteorological Service can benefit. lt seems to me that
the tax-payer only becomes interested in putting
money into national Weather Services when a
natural disaster strikes. Most of the time, it is
difficult for Weather Services to attract new
resources.

H. T. -What are your feelings about your
appointment as Executive Director of UNEP?
E. D. - I am excited about the appointment for
a couple of reasons. One stems from my respect for the United Nations itself and my belief
that the multilateral approach to solving global-and certainly environmental-problems is
the only way to achieve real progress. The Sec-

Geneva, June 1992- During BC-XLIV, Ms Dowdeswell
presented a cheque for CAN $700 000 to Prof. Obasi for
the Special Trust Fund for Climate and Atmospheric
Environment Activities. It was proposed that this sum be
used for improving atmospheric environment monitoring
capabilities, data rescue in Region IV, and training
development (fellowships in climate change and
atmospheric chemistry)
Photo: WMO!Bianco

retary-General of the United Nations is keen to
carry out certain reforms and I think that UNEP
has a contribution to make. Even more important, perhaps is that this post-UNCED era is a
new, significant one. UNCED has changed the
context for our work; we are now operating
with the concept of sustainable development
and I think that is going to be a very exciting
development for UNEP's future.

H. T. -Your past appointments have provided you with excellent opportunities to
appreciate environmental problems relating
to the atmosphere, climate, freshwater
quality, etc. Which are the other environmental problems you would like to tackle?
E.O. -There are many other problems to be
tackled and I think the UNEP Governing Council
will have to set some priorities. One of the outcomes of UNCED was, of course, Agenda 21,
which is an agenda of work and studies that
must be done. UNEP will have to decide which
are the ones it can tackle best and to which it
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action that must be undertaken to address
particular problems. it is not necessary for UNEP
to develop long-term programmes; it can help
catalyse action in one area and then move on to
the next topic of concern.

can contribute most. Certainly, I am most
familiar with atmospheric problems but there
are problems in other parts of the environmental system. UNEP has specific responsibility,
for example, in the area of biodiversity and will
be playing a role in the negotiations for a convention on desertification. Universal concern
about water resources persists. We also have
work associated with conventions and agreements on endangered species. Achieving sustainable development requires a better understanding of the link between the environment
and the economy and we will be studying the
issue of environmental trade, so there are
some new areas as well as some old areas.

H. T. - UNEP runs a number of projects
using some of the Environment Fund to
support environmental activities running
through the UN system, intergovernmental
and non-governmental organizations, the
scientific community, research centres
and even industries. In your opinion, do
these activities fall under the heading of
catalysing?

H. T. - UNEP was 20 years old in December 1992. What do you think of UNEP's
performance during the past and which
areas of activity deserve specific mention?
E.D. - UNEP has a proud history of 20 years.
Its most significant impact has been to raise
the awareness of governments around the
world about the importance of environment.
Only a handful of countries were represented at
Stockholm in 1972 when UNEP was created. At
the Earth Summit in Rio in 1992, some 172
countries were represented, which is a phenomenal increase in the level of awareness in 20
years. UNEP's record in education, information
and awareness building is highly significant.
Another extremely successful area has been
environmental law and governance. UNEP has
played a key role in the development of various
conventions and agreements-the best known
being the Vienna Convention for the Protection
of the Ozone Layer and the Montreal Protocol
on Substances that Deplete the Ozone Layer.
H. T. -The role of UNEP was formulated
as one to catalyse, coordinate and stimulate action within the UN system, not to
execute or finance. Would you say that it
has pursued this role? Would you like to
see this role modified to give it more freedom of action?
E.D. - UNEP has indeed played a catalytic role
and I certainly see that role continuing. The world
needs an institution that monitors and assesses
the state of the environment in a global perspective. UNEP can assume that role and can also go
further and suggest to governments the types of

E.D. -it is important for UNEP to continue
working with other agencies and organizations.
In many cases it undertakes projects as demonstration projects that, once they have proved
their worth, can be continued by relevant governments, agencies or organizations. But I do
stress that, if we really want to achieve sustainable development, it will be crucial that we are
able work together. UNEP alone cannot be effective in realizing that objective but needs to
work with others. Sustainable development is
the responsibility of governments, organizations and individuals-all of us.
H. T. -The Governing Council of UNEP has
approved eight priority areas among which
atmosphere, climate, freshwater quality,
ocean and coastal areas and desertification figure prominently. Traditionally, these
have been the main domains of WMO activities in which UNEP and WMO have acted
and collaborated very closely. How do you
see the future interactions between the
two organizations in these fields?
E.D. - I firmly believe that WMO and UNEP
need to work together closely. One of the most
successful examples of collaboration has been
the sensing of the need for an assessment in
the climate-change area and the creation of,
and support for, the Intergovernmental Panel on
Climate Change. We were able to rally the best
scientific advice in the world and we worked
together to bring the international community to
the stage of entering negotiations. Most areas
of the environment require collaboration and it
is going to be crucial that UNEP and WMO
continue that close working relationship.
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H. T. - Could you tell us something of the
way in which developing countries have
been assisted in funding and implementing
their environment programmes, in particular the Global Environment Facility?
E.D. - In all the recent negotiations on environmental issues, it has been apparent that the
transfer of financial resources and of technology is an important element in reaching an
agreement. The developed countries recognize
that they have the responsibility for past action
and that it is in their best interest to help developing countries develop in a different way without making the same mistakes. We must
attract new funding to sort out some of these
problems and it is essential that the funding
mechanism is one that is transparent in its governance, democratic and inclusive of all countries in its decision-making.
The Global Environment Facility (GEF),
which has been set up with UNEP, UNDP and
the World Bank as implementing agencies, is a
pilot programme to assist developing countries
in implementing their plans and projects for
protecting the environment. This interesting
experiment is to be carried out through grants

and concessionalloans. The pilot phase covers
the years 1991-1993. The participants in the
GEF have decided to have an operational phase,
beginning January 1994. The main purposes of
the GEF are: reduction in greenhouse-gas emissions; protection of biodiversity; protection of
international waters and reduction in ozone
layer depletion. The main financial instrument
of the GEF is the Global Environment Trust
Fund, which is administered by the World Bank,

H. T. - Ozone is a burning item on the international environment agenda. Protection of the ozone layer is a matter of close
collaboration between WMO and UNEP.
WMO's responsibilities cover networks,
collection of data and research. UNEP has
provided invaluable assistance as regards
legal aspects. In November 1992, an important meeting was held in Copenhagen
with the aim of phasing out destructive
chemicals. What future action is foreseen?
E.D. -The lesson we learned from the Vienna
Convention and the Montreal Protocol is that we
can design a legal instrument which is based on
sound science and is capable of evolving as that

Ms Dowdeswell attended her last session of the WMO Executive Council in 1992. She had been an acting member since
1989 and an elected member since 1991
Photo: WMO/Bianco
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H. T. -You have been following closely the
activities of the Intergovernmental Negotiation Committee for a Framework Convention on Climate Change. How far are we
from full ratification of the Convention?

science becomes better known. At the Copenhagen meeting, the pressure remained to take
action on ozone-depleting substances. The
phase-out date for various substances was
brought forward to take action more quickly
and additional substances were listed. That
was an indication that the political community
understands what the science is telling us and
that it has the will to act faster in the interest
of the environment.

H. T. -A major problem today is the lack
of ozone-observing stations in the tropics
and southern hemisphere. The Parties to
the Vienna Convention have urged WMO,
in collaboration with UNEP, to establish
stations in these regions. While WMO has
the necessary expertise to do so, adequate
funds are not available. In your opinion,
how can WMO and UNEP address this
problem?
E.D.- One of our recent successes has been
attracting World Bank funding through the GEF
to deal with this issue. In the context of capacity building in developing countries, it will be
important to ensure that countries have the ability to monitor their own environmental conditions and make their own policy decisions on
the basis of that monitoring. Equally, it is essential that the world community has data from all
over the world, so WMO and UNEP must continue to convince funding agencies-be they
governments, the World Bank or development
banks-that this is a critical part of providing
information for sound decision-making.
H. T. -What is your position on the global
aspects of acid rain?

E. D.- Acid rain has not been in the focus of
the world community in the last couple of
years. There are probably two reason: one is
that people have become more concerned with
other atmospheric problems, such as climate
change, while in some countries, moreover, the
response mechanisms employed have been
successful and we can discern some recovery
in the system; the other reason is that acid rain
has been viewed primarily as a regional problem requiring regional solutions. We have not
yet evaluated the impact of acid rain on human
health and, in particular, on forests.

E. D. -The latest status report I have received
indicates that 12 countries have now ratified
the Convention*; we require 50 ratifications for
it to come into force. In June 1992 at Rio, I was
one of those who put forward the target of 50
ratifications by the first anniversary of UNCED.
I hope that the world community will see fit to
bring the Convention into effect rapidly. For
many countries, the ratification process is
under way within their respective governments
and it is simply a matter of timing.
H. T. -The Global Environment Monitoring
System (GEMS) is a mechanism linking
existing monitoring networks for disseminating all kinds of environmental (atmosphere, climate and environmental pollution)
data. WMO's Global Atmosphere Watch
(GAW) is the main contributor of atmospheric data. UNCED specifically called
for an expansion of GAW. Since UNEP has
a direct interest in successful implementation of GEMS-GAW, what joint UNEPjWMO
action could, in your opinion, be taken to
implement the UNCED recommendation?
E.D. -An early warning system to alert governments to the state of the world's environment is crucial. For that, an effective global
monitoring systems needs to be in place. The
current system has gaps in it, both on the
atmospheric side as well as the terrestrial side.
WMO and UNEP must work together to ensure
the best possible use of available resources
and avoid duplication of activities. The two organizations must continue their current close
collaboration in order to (a) design the network
and (b) convince governments and funding
agencies of the necessity for adequate financial resources if the network is to be a coherent and integrated one.
H. T. - Do you think UNCED met people's
expectations? How do you view the outcome and ultimate impact?
*
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At the time of going to press (1 September
1993), 31 countries had ratified the FCCC (Ed.).

E.D. - UNCED created incredible expectations
among people and countries. Some will have
been met and some will not. I think five important elements emerged from UNCED.
First, the concept of sustainable development received political recognition, having been
embraced by all the 172 countries represented
and 118 government leaders present at
UNCED. Regardless of the difficulty of defining
sustainable development, we have for the first
time a concept that has industrialists and environmentalists alike talking to each other
instead of past each other. We have a basis for
common action in the next decade.
Second, we have identified through the
UNCED process an incredibly far-reaching
schedule of activities and priorities for the years
to come-Agenda 21. lt is true that much more
needs to be done to elaborate the details and
establish priorities, which is clearly not going to
be an easy task, but at least an agenda exists
for governments to start work on.
Third, two new legal instruments were
opened for signature in Rio, which will be highly
significant in future years: the Convention on
Biodiversity and the FCCC. We have also
embarked on negotiations for a convention on
desertification.
Fourth, a clear recognition emerged that
we have to make changes to our institutions.
There was a call for a revitalization and strengthening of UNEP, for example, as well as for a
new institution at the political level, i.e. the
Commission on Sustainable Development.
Fifth, the process leading up to UNCED was
significant. Governments are not going to be
able to back away from it: it demands transparency on the part of decision-makers, accountability and the inclusion of all world partners in
the making of environmental decisions.
My conviction is that we are going to look
back in years to come and see that UNCED
was a turning point in helping the world address both global, regional and local environmental problems.
H. T. - You were a member of the WMO
Executive Council and participated in its
sessions between 1989 and 1992. In
retrospect, what do you think about WMO
as an organization?
E.D. - I greatly appreciated the opportunity to
become acquainted with WMO and to participate

directly in the work of its Executive Council-my
first experience of multilateral work. One of
WMO's strengths is its scientific base and its
history. Founded many years ago, it has always
known what to do to meet the needs of its
Member States. I was concerned whether WMO
was in fact seizing some of the opportunities
before it. it became apparent to me that many
atmospheric issues were attracting significant
public attention and becoming of great concern
to the environment community. I was worried
that WMO was not playing enough of a role nor
fast enough to realize its potential. lt seemed to
me that WMO was content with maintaining the
scientific boundaries of its work and was most
reluctant to assume a policy-making role.

H. T. - I listened to your speech this
morning at the opening session of the
Intergovernmental Meeting on the World
Climate Programme. How would you
crystalize your remarks concerning the
division of responsibilities between WMO's
and UNEP's activities?
E.D. - I was suggesting that, while there were
still some further ways in which UNEP is prepared to participate in much-needed, improved
collaboration and coordination with WMO, the
issues at stake are bigger than any one agency.
We are only going to make progress to the
extent that we are able to focus our efforts and
the degree to which we are able to work together. The sum of our work is much greater
than the individual parts.
H. T. - Do you intend to maintain more or
less the same contact with WMO?
E.D. - I am intending to maintain frequent
contact with WMO. Certainly, it was fun today
to be able to see some old friends I had not
seen for a while. In the domain of international
environmental issues, however, it matters less
and less whether you come from UNEP or
UNDP or WMO (or an increasing string of
agencies), because our work is becoming so
interconnected.
H. T. - Looking back on your career,
would you have done anything differently?
E.D. - Probably not-1 am not given to having
regrets; I tend to look not backwards but for-
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E.D. - That is perhaps for others to judge!
I enjoy working with my hands: I sew and weave
and have had some training in piano and voice.
I am not able to do much anymore, but I enjoy
doing and participating, not just observing.

H. T. - As Executive Director of UNEP, you
are now based in Nairobi?
E.D. - I moved to Nairobi in the middle of January 1993 and despite having to do a fair
amount of travelling, soon came to feel at
home there. The people I work with at UNEP
are kind and generous and have been quick to
accept me as part of the community. Also, the
climate is marvellous-! much prefer it to the
Canadian climate! Of course, I miss my family
and friends, but the work is exciting and challenging, and there is more than enough to keep
me fulfilled for some time to come.

Geneva, 14 Apri/1993- Ms Dowdeswell addresses
delegates at the opening ceremony of the Intergovernmental Meeting on the World Climate Programme in her
new capacity as Executive Director of UNEP, one of the
eo-sponsoring agencies of the meeting
Photo: WMO!Bianco

H. T. - Do you have a message for the
meteorological community?

wards. There are undoubtedly many more
things that I shall want to do but l·am not
aware of them as yet. I just hope I shall always
be ready to brave new challenges.

H. T. -Would you like to tell us one of the
most unforgettable events of your life?

E. D.- There has not been any one particular
event. I have had so many different job experiences and the successes in them are all important to me-for example when I have been
able to develop a team of people who really
coalesced. I am not interested in maintaining
the status quo. What excites and energizes me
is helping an organization to change-mapping
out a course for it to take and accomplishing
results. Attending meetings for the sake of it
exasperates me; time is much too short, especially in the environmental field. I would like to
instill in the organizations with which I am associated a bias for action-to obtain some meaningful results and not simply produce more
papers and hold more meetings.
H. T. - I have been told that you are a
talented seamstress and a competent
musician ...

E.D. -The meteorological community and
WMO have been instrumental in teaching me
about global environmental problems. I went to
AES, Environment Canada, the meteorological ·
community and certainly to WMO with no background or experience. I have learned a great
deal about how the United Nations system
works, about how one can accomplish things
within a multilateral setting and I have, of
course, learned a considerable amount about
the scientific processes at work in atmospheric
issues. I am indebted to various Meteorological
Services around the world for their contribution
to my learning and, of course, I am profoundly
grateful to my own organization, the scientists
and the meteorologists who had the patience
to teach me about the importance of our
atmosphere.

H. T.- Ms Dowdeswell-thank you very
much. Allow me to congratulate you, on
behalf of the readers of the WMO Bulletin,
on your appointment as Executive Director of UNEP. I am sure you will find it
stimulating and rewarding and that you
will continue to rise to all new challenges.
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Professor J. E. N ash

Galway (Irish Gaillimh) is a seaport and the
county town of county Galway, Ireland, on the
northern shore of Galway Bay. Its walls were
built by Anglo-Norman settlers circa 1270. lt
soon developed as a commercial centre and
had considerable trade with Spain. The town and
land within a three-kilometre radius were established as a county by charter in the reign of
James I (1603-1625). Galway was captured by
Parliamentary forces during the English Civil War
and again during the campaign of William Ill. The
town is the seat of a Roman Catholic diocese.
The church of St. Nicholas dates from 1320.
In the early seventeenth century, Alexander Lynch opened a school in Galway to which
came some 1 200 scholars from all over Ireland. Queen's College Galway was founded
during the Great Famine. In 1908 lt became
University College, Galway (UCG), which today
has a student population of more than 5 000.
Christopher Columbus, who visited the city in
1477, some 15 years before his voyage of
discovery to America, made some observations which indicate that the idea of going east
by going west may have been formulated
during his stay in the city.
Eamon Nash, our interviewee in this issue,
was born on 9 March 1927 in Sligo, a town
some 160 kilometres from Galway. He began
his university studies in 1945 when he registered in UCG as a student of civil engineering.
He obtained a B.E. (first class honours) degree
in 1948 and an M.E. in 1955. His D.Sc. thesis
was published in 1970.
From 1949 to 1956, Nash worked as a
hydrological engineer in Dublin. In 1956 he
went to England to take up an appointment in
Wallingford as Senior Research Fellow. He subsequently became a Principal Scientific Officer.
In 1960 he went to Lokoja, Nigeria, as Assistant Director (Hydrology) of the Federal Department of Inland Waterways. When he returned
from Nigeria in 1962, Nash went back to UCG
as a lecturer in civil engineering. In 19 70, he
became Professor of Engineering Hydrology, a
post he occupied until his retirement.

Professor Nash at his desk at University College
Galway in June 1993
Photo: H. Taba

Under Nash's leadership, the research
work of the Department of Hydrology became
known internationally. Contacts were established with WMO and UNESCO, and seminars
were provided in developing countries.
In 1978, a group of Irish academics visited countries in eastern and southern Africa. In
the course of this tour, they received a number
of requests for assistance in water-resources
development. Upon their return, a suggestion
was made to the Department of Foreign Affairs,
and later to UCG, that a postgraduate course
in hydrology should be provided in Galway for
students from developing countries. UNESCO
and WMO were contacted with a view to assessing the demand for, and the feasibility of, such
a course; both organizations were favourable.
Preparation for the course started in April
1979 and the course began in October the
same year.
The course is of one to two years' duration, beginning each October. Three terms of
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academic instruction are followed by a period
of research and the writing of theses. The
degree of M.Sc. (or M.Eng.Sc.) is awarded to
successful students. Those with exceptional
ability can continue their studies in Galway for
a further two or more years in fulfilment of university regulations for a Ph. D.
Any of our readers who are tempted to
spend a few years in Galway, should be
aware of some of the characteristics of the
Irish climate. The following is quoted from an
announcement published about the course:
The climate in Ireland is moderate with an
abundance of rain and little snow or ice. The
annual range of temperature is ooc to 25° C.
The rainfall averages 1 200 mm per annum and
is fairly uniformly distributed through the year.
Students from warmer countries may find the
winter (October to March) cool, damp and
cheerless. So do the Irish. The summers are
unreliable but can be very pleasant.

(Or Taba, who spent a week in Ireland at the end
of May/beginning of June 1993 to conduct the

interview, says that he was so wet upon his
return to Geneva that he spent the following
week drying himself out!)
Professor Nash is the founding father of
the international postgraduate course in hydrology in Galway. We thank him for accepting to
give this interview and assure him that he and
his colleagues have rendered an invaluable
service to the developing countries of the world.

J.E.N. - I was educated in Roman Catholic
schools. Primary school was somewhat basic
but at least we covered the "three Rs", as we
say-reading, writing and arithmetic. At secondary school, few options were available: the
emphasis was on Irish, English, mathematics,
the classics, history and geography. Most of
the boys studied Latin and Greek but some
studied modern languages instead. I was never
any good at languages. There was no science
after the first year, except mathematics.

H. T. - Did you enjoy school-what were
your particular interests?
J.E.N. - I did not like school nor the school
system. lt was bullying, arrogant and without
kindness. I found the curriculum extremely dull
and, with the exception of mathematics, the
teachers lacked imagination. I was poor at all
games-and still am! The only subjects which
really retained my interest were poetry and
mathematics. I had no interest in the classicsalthough I do, now-nor in the Irish language,
and I had little interest in geography or the kind
of history which was being taught. The result
was that I was never a very successful student.
I spent most of my time reading books from
the public library on subjects not connected
with the school curriculum.

H. T.- What did you read?

J.E.N. - I was born in Sligo, a small town
about 160 kilometres north of Galway on the
west coast of Ireland. The location is beautiful-lovely beaches, small mountains, rivers
and lakes-but I grew up at a time when both
the society and opportunities were restricted,
and I found the situation rather suffocating. My
family was certainly not well-to-do but we were
comfortable by the standards in the west of
Ireland at the time. My father was manager of
a business. He was 51 years older than I, and
I regarded him more as a grandfather than a
father.

J.E.N. - I became interested in ancient history,
not just of Ireland or Europe, but of the world in
general, and Islamic culture in particular. Persian poetry was an early interest which has
remained with me but, because of my absolute
lack of linguistic skill, I have to rely on translations. I acquired a general knowledge of science but not through detailed, disciplined study.
By the time the atomic bomb was invented,
I knew what atomic energy meant and the significance of this breakthrough at a time when
few people in my community would have even
heard of the word "atom". However, I had no
real scientific training. Deriving intellectual satisfaction from studying subjects which are not
part of the curriculum is always a pleasant activity but does not enhance one's chances of passing examinations and getting into university.

H. T. -What form did your primary and
secondary education take?

H. T. -What part did the Irish language
play in your education?

H. T. - I will start this interview with the
question "What can you tell us about your
parents, the place of your birth and the
environment you lived in?"
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J.E.N. -My secondary education was conducted through the medium of Irish. The government at the time, and indeed all succeeding
governments to this day, subscribed to a policy
of replacing English by Irish as the normal vernacular and, in pursuit of this impossible objective, many crazy ideas were proposed, and
some adopted. Education through Irish was one
of these. As I never became competent in Irish,
I suspect that it probably did have a deleterious
effect on my education generally.

tion of the course at that time-! graduated with
a first class honours degree. I had no difficulty
because the courses were mathematically
oriented and most of the other students had as
weak a background in physics and chemistry as
I had (or even weaker) and we were therefore all
starting from almost zero. My only difficulty was
with drawing-! was never very good at drawing.

H. T. -Is there a difference between the
university experience then and nowadays?

J.E.N. - I am afraid not. I have some residual
knowledge but I am certainly not competent.

J.E.N. -While the curriculum at the university
was not particularly modern, or even adequate,
there was time in one's studies for independent
reading. Nowadays, I find that students have a
much fuller curriculum and little time to study
or think on their own, and for that reason
acquire little in the way of real education. They
learn many facts and techniques but they do
not form the habit of thinking for themselves,
which of course is absolutely essential. In the
softer situation which existed when I was a
student, we were able to do that. We would sit
together outside the university in pubs or clubs
and talk about different aspects of our courses
and exchange views in a leisurely sort of way.
We would talk about books we had read and
pass them around. The student then was better
able to assimilate and build what he had heard
into his own knowledge and develop his thinking processes because he had the time. We all
profited from that.

H. T. - But you did manage to get into
university?

H. T. - Do you think that modern courses
have too many topics?

J.E.N. - I was lucky-entry standards were
fairly easy at the time and I did sufficiently well
in English and mathematics to be accepted by
the University of Galway in 1945, but I had difficulty reaching the required level in Irish.

J.E.N. - Not only are there too many topics,
there are often two topics which have the same
underlying principles, but which are presented
by different lecturers with different approaches
and the student wastes a great deal of time relating the one with the other. it would be preferable if the common content were presented by
one person.

H. T. - To what extent has this policy been
successful generally in Ireland?
J.E.N. -This may be judged from the fact that
virtually all business, including government and
parliamentary business, is conducted in English
and that we still use the English version of place
names, even though these are usually corruptions of the original Irish. One might imagine
that it would not be difficult to revert to the
original forms. In making academic and other
appointments, University College Galway, alone
among university institutions in Ireland, gives
priority to competent Irish speakers, yet few
courses of study in Irish are now available
within the University.
H. T. - Are you now competent in Irish?

H. T. - Was your experience at university
more rewarding than that at school?
J.E.N.- Oh yes, and had I had a more sophisticated secondary education, I would have
studied in a more exciting area but, as it was,
I registered as a student of civil engineering
and found university pleasantly different from
school. The staff were extremely gentle people
and they did everything they could to help the
students. After three years-the normal dura-

H. T. -The relationship between staff and
students must have been different, too?
J.E.N. -An episode that occurred towards the
end of my studies will serve admirably as an
illustration of the difference between then and
now. I had just completed my final examinations
and was out walking, one Sunday, when I was
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In November 1986, Digital Equipment International B.V. presented a VAX 11-750 computer to the Department of Engineering Hydrology, University College, Galway: from left to right (standing), Messrs Jim Naughton, Digital Corporation,
Galway; John Mulholland, Lord Mayor of Galway; Xing Zhong-Xiu, Ambassador of the People's Republic of China;
Professor J.E. Nash and (seated) Mr. George Biimingham, Minister for State at the Department of Foreign Affairs

approached by a senior professor, the University examinations supervisor. He told me he
knew where I liked to go walking and that he
had come looking for me specifically to ask me
whether I was going to take a special examination which would provide one student with a
postgraduate fellowship. I explained that I had
decided not to, as the orientation was not quite
the same as that of the course I had taken.
Even at the time it struck me as being beyond
the call of duty for a man in his position to
seek out an undistinguished undergraduate on
a Sunday afternoon, but the idea that anyone in
a comparable position would do that today is
out of the question. But this was the kind of
relationship that existed between the academic
staff and the students in Galway at that time. If
we had a problem of any kind we went to talk
to a member of staff and something was done
to solve it. lt was a gentle and intellectual environment and I appreciated it very much.

H. T. -When you, in turn, taught at the
university, what kind of relationship did
you have with the students?
J.E.N. -At first, relations with students were
very good. I might not have known all their
names, because the classes were already
large, but at least I knew the funny fellows, the
brilliant ones and the weak ones (and the weak
ones were often the funny ones) and they were
constantly coming to my office for help with
their studies. But at some stage-and it happened quite suddenly-they stopped coming to
ask for help like that and, whilst I was always
on good terms with them, I did not know them
personally any more. Perhaps it was because
I had reached an age when they regarded me
as being a little too old or too dignified to be
approached in such a casual fashion.

H. T. - And is that still the case today?
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J.E.N.- About 15 years ago, we began our
postgraduate courses in hydrology for students from the developing world and the situation changed again. We had mature people
coming from hot countries, some of whom had
never been cold in their lives. They arrived
here, in October, when the weather was cold
and wet, and suffered all kinds of problems.
My colleagues and I looked after the students
and saw to their welfare (advising them on
what warm clothes to buy, for example) and
so, once more, I got to know my students
well. We used to invite them home for barbecues and parties and it was great fun. Our
families joined in with tremendous enthusiasm-my children were young and intrigued
by these people from all over the world-and
we all loved this relationship. We are all older,
now, and tire more easily, and so we don't do
so much of that any more.

H. T. -That sounds a straightforward kind
of job. Did you enjoy it?

H. T. - You started work as a civil engineer. Did you have any idea that you would
one day become a hydrologist?
J.E.N. - Immediately after the Second World
War, possibilities were restricted; postgraduate opportunities were few and far between
(and one had to be self-supporting) and there
were few jobs for engineers or, indeed, any
other profession. One took the first job that
was offered after graduation and one's career
thereafter became something of a random
walk rather than a planned march. We all
drifted in different directions. I had always
had a liking for hydraulics but by no means
did I think I would make a career in it, while
hydrology being distinct from hydraulics was
a subtlety with which I was quite unfamiliar! would not have understood the term at all.
H. T. - So your first appointment consisted of what?
J.E.N. - My first job was that of Assistant
Housing Inspector with local government. The
job consisted in visiting applicants for housereconstruction grants, usually small farmhouses, drawing up a plan, and making a
costing. These were sent for assessment and,
if everything went well, the grant would be
approved, the work would be done, and the
inspector had to go and look again before the
grant was actually paid.

J.E.N. -As one who had been trained in the
more theoretical aspects of engineering and
whose only thorough knowledge was of mathematics, I was absolutely unqualified for the job.
I knew absolutely nothing about the construction
industry or civil service procedure. To start with,
I was handed a bundle of files-one for each
house-and I had a map on which I marked the
places I had to visit. it seems almost incredible
now, but I didn't know that government files
open the wrong way, i.e. that you insert new
pages on top of the old ones, so I started reading from the top down. That way, of course,
they were quite incomprehensible. Fortunately,
somebody put me right! I enjoyed that job
immensely, because it involved travelling
around the country, staying in hotels, and that
was a completely new way of life to me. But it
was a temporary job, which came to an end
after about four months. I was disappointed;
I had had hopes that it would go on indefinitely
and that I would end up as a substantive housing inspector, but it was not to be.
H. T. -Your subsequent job brought you
into contact with someone who not only
influenced you greatly professionally,
but who also became a life-long friend,
I believe?
J.E.N. -You are referring to Jim Dooge (later
Professor James C.!. Dooge)l. My first serious
job was with the Irish Electricity Supply Board
(ESB), which produced electric power for the
whole country, mainly from hydroelectric
sources. In 1949, I was appointed junior engineer in the hydrometric section of the Department of Civil Works. My immediate superior
was Jim Dooge, then about 27 years old. We
worked together on the design of spillways,
using hydraulic models, and on a variety of
open-channel hydraulics problems arising in
the design of hydroelectric power stations.
This was something quite new to me and
I acquired a lifelong interest in the theory of
I
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Interviewed WMO Bulletin 35 (3) (July 1986): Prof.
Dooge was chairman of the International Conference
on Water and the Environment (Dublin, Ireland,
January 1992). In October 1993, Prof Dooge was
elected President of the International Council of
Scientific Unions (see page 75 of this issue). (Ed.).

models and dimensional analysis. Rather as in
my university days, there seemed to be plenty
of time for reading outside our immediate
requirements and Dooge had an extraordinarily
enquiring mind-1 am glad to say he still hasand an infectious enthusiasm for whatever
engaged his attention. I was most fortunate in
our association. lt is certainly true to say that
he influenced the whole of my career. We have
maintained continual contact now for over 40
years and though, of course we often disagreesometimes vigorously and in public-I still
value that contact greatly.

H. T. -Was Dooge instrumental in introducing you to other concepts?
J.E.N. -Yes, indeed. We were not too busy in
that office, and I fear we sometimes used the
opportunity to follow pursuits not closely connected with the business of the ESB. Dooge
had a taste for "shove-halfpenny", a game
which was played on a drawing board (with a
map or an engineering drawing kept conveniently by in case of a sudden visit by somebody more senior!). I remember we also spent
a great deal of time looking for a general solution to the problem of magic squares. Dooge
produced a solution which involved writing the
numbers successively in a diagonal fashion
into a grid described on a torus2.
Dooge also introduced me to Thomistic3
philosophy, of which, despite my Catholic education, I had not had previous experience. We
both found in this a general source of intellectual satisfaction. I think it was useful, too. Even
now, as a result of that early interest, I would
never use an expression such as "artificial
intelligence".

H. T. -When did you first work in hydrology?
2

A surface or solid formed by rotating a closed
curve, especially a circle, about a line in its plane but
not intersecting it (source: The Concise Oxford
Dictionary) (Ed.).

3

Thomas Aquinas (Italian, 1225-1274): foremost phil·
osopher and theologian of the Roman Catholic
Church. He distinguished between essence and existence and maintained that the human soul is a unique
subsistent form substantially united with matter to
constitute human nature. Thomism distinguishes
between the realms of nature (reason and philosophy) and supernature (faith and theology) (Ed.).

J.E.N. - I left the ESB for a job in the Irish
Office of Public Works, which was slightly
better paid. Arterial drainage was a government scheme to improve the farms of the country. The centre of Ireland is flat and drained by
the River Shannon. Flooding was frequent in
winter and drainage was bad, even in the summertime. The idea was to improve the drainage
by lowering the beds of the rivers. The main
hydrological problem was that, if we lowered
the levels by cutting the beds of the channels
down lower, improving the cross-sections, taking away obstructions etc., the river flows and
peak discharges would be increased. The
improvements to the channel system would
therefore have to be designed on the basis of
the discharges which could be expected after
the works rather than those experienced
before. Several years of records were available
but these were useless without some estimate
of potential change as a result of the works.

H. T. - How did you proceed?
J.E.N. - Dooge and I and a colleague, Joe
Farrell, used to read hydrology together and
swap our knowledge and ideas. We used to
meet in a cafe in Dublin to discuss the progress
we were making-there was never any competition whatsoever between us. Literature was
difficult to obtain, but Dooge obtained some
publications from the American Geophysical
Union and we obtained others in a piecemeal
fashion-quite unlike today, when one simply
goes to a library. In the 1950s, the Americans
were making rapid progress in hydrology and
we learned a good deal from them, particularly
about hydrological frequency, the statistics of
hydrology and the unit hydrograph and flood
routeing concepts. We applied these concepts
with reasonable results. We also became
involved in the theoretical aspects and began
to express mathematically concepts which had
previously been expressed in graphical or
descriptive ways. I think we contributed a good
deal to the mathematics of hydrology even in
those early years.

H. T. -How did you come to work at the
Hydraulic Research Station in Wallingford,
England?
J.E.N. - In 1956, I was offered a senior
research fellowship there, which was an
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were trusted; the atmosphere was more like
that of a university than a government agency.

H. T. -In 1960 you went to Nigeria. How
did that come about?

Prof. Liang Rui-ju, President Ho-hai University, Nanjing,
China, confers an honorary degree on Prof. N ash in 1986

attractive proposition, from the point of view of
both salary and opportunity. I was delighted to
take it up and it was a wonderful experience.
Wallingford is a small country town near Oxford.
The Hydraulics Research Station is a large organization which at the time did more testing of
hydraulic designs than basic research.
The Director was an Irishman, Sir Claude
lnglis, who had had a long career in the Indian
Civil Service and was well known internationally
for his work on loose boundary hydraulics. He
was quite old when I first met him but he was
remarkably shrewd. I learned from him how, if
one wanted to do something but could not rely
on the prior approval of one's headquarters,
one should just go ahead, do what was required
and subsequently lose the argument when it no
longer mattered! At that time, hydrology was
scarcely recognized as being distinct from
hydraulics, but Sir Claude felt that that situation would not last for long and he advised me
to continue my work in the hydrological area.

H. T. -Was this a particularly fruitful
period for you ?
J.E.N. - I regard the work I did at Wallingford
between 1956 and 1959 as being the best of
my career. Furthermore, I enjoyed doing it-tlie
circumstances were pleasant, as were the
people I worked with. There were no bureaucratic attitudes-if we decided we wanted to
work at home one day, we worked at home. We

J.E.N.- In 1960, Nigeria had been independent for about one year. The Federal Department of Inland Waterways was composed of
two sections-hydrology and navigation-and
the Government of Nigeria approached the
Director of the Hydraulics Research Station,
Fergus Alien, to find a suitable person to head
the Hydrology Section and, eventually, the
entire Department. Alien asked me if I would be
interested. My wife and I had two small children. We talked about it for a long time and
finally decided that I would take this job, despite the inevitable family upheaval. I thought it
would expand my own practical experience
whilst at the same time helping an emerging
African country.

H. T. - What did your job entail?
J.E.N. -The Government of Nigeria wanted to
develop the River Niger for various purposesirrigation, power and, above all, navigation.
This was entrusted to the Hydrology Section.
The Navigation Section simply supplied the
boats to put down the navigation aids. I have to
confess that I spent most of my time running
the department on a ticking-over basis, dealing
with day-to-day matters. Based at Lokoja,
some 640 kilometres from the coast, we were
too far removed from the seat of Government,
and communications were too poor, for me to
effect any real change in policy with regard to
the River Niger.

H. T. - How about everyday life?
J.E.N. - Living conditions were difficult. We
had no electricity or air-conditioning until just
before we left in 1962 and it was difficult to
obtain supplies. The climate was awful, but the
people were nice, easy to get on with, helpful,
gentle and extremely hardworking.

H. T. -When you finished your mission to
Nigeria, did you go back to Wallingford?
J.E.N. -As a regular British civil servant, I had
been on loan to the Government of Nigeria and
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was able to resume my job in Wallingford. I was
glad to do so and continue my work. By that
time, the authorities in the United Kingdom had
begun to realize that there was something
called hydrology and that it was as important as
Claude lnglis had foreseen. They took the decision to establish a hydrological research station
at Wallingford, where I was the senior hydrological person. lt was foreseen that we would
eventually separate from the parent body, so a
separate administration for the Hydrology Unit
was set up. I was given the task of planning the
separation and the work of the new Institute for
the first few years of its existence.

H. T. -But then you chose to come back
to Galway?
J.E.N. -After a few months, the position of a
senior lecturer in civil engineering hydraulics
arose in Galway. I applied and was successful.
I came back to Galway in October 1962 to
begin my university career as a lecturer.
I retained my contacts with Wallingford, and
used to go back there now and again as a
consultant.
In 1970, the University decided to create a
separate department of hydrology and I became
professor of engineering hydrology. Even after
my appointment, however, my work for some
years was in the department of civil engineering, because the students taking the courses
I was teaching-fluid mechanics, hydraulics,
hydrology-were all civil engineering students.
H. T. - Who took over from you at
Wallingford?
J.E.N.- Jim McCulloch (Or J. S. G. McCulloch)
took over as Director of the Institute of Hydrology. His view of what the Institute should be
was entirely different from mine: I would have
settled for a small unit engaged in research in
a certain area of hydrology; McCulloch wanted
to embrace the whole scope of hydrology. He
was extremely good at raising funds and influencing people, and, in a few years, built the
institute up from a man-and-boy outfit to what is
probably the biggest institute of its kind in the
world. I would not have done the same but, with
hindsight, I realize that McCulloch was right.
H. T. -You have travelled a great deal
and delivered lectures in many countries.

Could you please tell us briefly about
these trips?

J.E.N. - I don't know why it is that hydrologists, more than other professionals, seem to
find it necessary to travel about, meeting each
other and talking about their subject. Prior to
the initiation of our International Postgraduate
Hydrology Course, I worked occasionally as a
consultant for UNESCO and WMO and once for
the Swedish Hydrological Organization. This
work took me over a good part of Asia and I
made the most of my opportunities. Since the
initiation of our international course, I have
indeed travelled extensively, lecturing, recruiting students, etc., in many parts of Asia and
Africa and, to a lesser extent, South America.
You see, when you live in Ireland, you live on
the edge of the world, and you don't meet
people, unless you make a little effort. I used
to love travelling and working with hydrologists
in other countries but I'm too old now.
One of the reasons I seem to have given
lectures in a very large number of universities
is that in 1968 I was appointed as Ontario
visiting professor of hydrology and I lectured at
universities not only in Ontario but throughout
Canada.
H. T. - You have written and published
numerous papers. What were your fields
and what do you consider to be your
greatest contribution?
J.E.N.- My work has been above all in applied
hydrology and if I have made a contribution it
has been to the systematization of applied
hydrology. I have helped introduce mathematical analysis into hydrological thinking-a very
narrow area indeed. I have had some experience of physical hydrology but not very much;
I have mostly been concerned with the analysis
of hydrological records and the technical specification thereof. Although I have published many
papers in this area, there was a good deal of
overlap between them and they hardly constitute a life's work. Of course, I have also been
involved in teaching and organizational work
here at University College Galway.

H. T. -After a long career in hydrological
research and education, what do you
consider to be the outstanding problem of
hydrology?
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Prof. Nash (seated fifth from left) with colleagues and students who participated in the 1982/1983 international
postgraduate hydrology course at University College Galway

J.E.N. -Hydrology is concerned with the location in time and space of the freshwaters in and
near the Earth's crust. As such, the comprehensive problem is to trace the movement of
water from its precipitation to its subsequent
discharge into the ocean or the atmosphere
by evaporation. By and large, this problem of
water balance remains, yet a solution is
required for a variety of purposes, including
that of our specific contribution to the development of global circulation models. We should
be able to describe quantitatively the disposal
of precipitation in time-scales ranging from
hours to years and in space from points to
catchments to continents. I am not sure that
we are any closer to being able to do this than
we were 40 years ago.

H. T. - In the event of a future shortage of
fresh water, would desalination be a
solution and would it be economically
feasible?
J.E.N. -That is entirely outside my experience. I would imagine that desalination would
be appropriate for making water available for
drinking but I can't imagine that it could be
done on a large scale for any other purpose.
H. T. - How does the increasing attention
to environmental problems affect hydrologists, both in research and operational
fields?
J.E.N. -The short answer to that question is
"negatively". it affects them and irritates them.

A class of pseudo-scientists has emerged. I am
not suggesting that all environmentalists are
bad scientists but the environmental lobby
which assumes a scientific voice is often not
justified in doing so. They have a superficial
knowledge of many subjects, without sufficient
depth in any one to be useful. I have always
regarded hydrologists as being environmental
scientists. Hydrology deals with a component
of the environment and its scientific treatment
surely requires scientific expertise. This cannot
be substituted by mere enthusiasm. In recent
years, there has been a tendency to push
those of us who have been directing postgraduate hydrological courses into what is described as "environmental awareness", and to
run courses on environmental impact assessment. I have always been suspicious about this
for a number of reasons. First of all, it is not
possible to inject an environmental interest or
aspect into courses of a mathematical nature.
Second, while we could certainly devote a
great deal of time to training our students in
environmental impact assessment, the subject
is enormous and, to be useful, must be covered in depth. We don't have the time. The
hydrologist must have competence over his
own, narrower spectrum and be prepared to
talk to chemists and other scientists about the
effects of proposed works on the environment.
I see little room for the present-day environmental scientist who has only superficial
knowledge.

H. T. -You have mentioned the international postgraduate course on hydrology
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at Galway. Can you tell readers some
more about it?

J.E.N.- My colleagues and I created an international postgraduate hydrology course here
in 1979, with the support of the Irish Government's bilateral aid programme. Under the
scheme, students are recruited from all over
the developing world to follow a course lasting
from one and a half to two years up to master's degree level. We are extremely pleased
with progress and constantly update the nature
of the training we give. Initially, of course, each
of us taught the material with which he was
familiar, hoping that, between us, we would
cover a reasonable spectrum. We have since
tried to make this a little more systematic by
importing expertise whenever we identified
gaps in our own knowledge, and learning new

skills ourselves. I am sure that now, particularly
under the directorship of Dr K. O'Connor, the
course is better than when we began. Moreover, it is constantly evolving.

H. T. - How do you see the future evolution of training in the field of freshwater
resources?
J.E.N. - I think the emphasis will shift from the
mathematical analysis of hydrological records
to the application of more basic ~Uhysical and
chemical laws in the forecasting of hydrological
effects. In other words, hydrology will become
more and more responsive to the existing state
of knowledge in chemistry and physics. Obviously, hydrologists cannot carry out catchmentscale experiments but have to wait for events
to occur by nature. Because of our mathematical, rather than our physical training, as engineers, we have relied inordinately upon what the
catchment tells us through its records of rainfall and runoff and upon our ability to abstract
information as to its behaviour. We relied
excessively on this source of knowledge and
we became excited by the techniques we had
developed rather than by their application. We
must correct this imbalance.
H. T. - You have demonstrated your talents as a teacher all over the world for
nearly 30 years and your courses are
widely recognized. Do you not feel like a
big hydrological fish in a small pond?
J.E.N. - Not at all: my part has only ever been
a part. My colleagues have contributed in equal
measure. I have been overtaken in technical
knowledge by younger people and often have
to ask them for assistance. The computer, for
example, arrived in the middle of my career,
and, while I was involved in computational work
all along, I never became sufficiently familiar
with the machines themselves and depended
on the cooperation of my colleagues. I do not
feel like a big fish-1 feel like an old fish!

Display made by Dr Vit Klemes, President, International
Association of Hydrological Sciences, when he presented
Prof. J.E. Nash with the International Hydrology Prize in
Baltimore, USA, in 1989

H. T. -You are the editor of a leading
hydrological journal. What are your feelings as an editor about the contemporary
scene in hydrology?
J.E.N. - I am one of four editors of the Journal of Hydrology and my share of the editorial
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Galway, Ireland, has figured large in Prof. Nash's life.
Here, at University College, he first studied and later
lectured for more than 30 years
Photo: H. Taba

work is probably less than that of any of the
others. But, particularly since my retirement,
I have had more time to devote to the reading,
assessment and editing of the papers presented for publication. I consider that only a small
proportion of papers presented for publication
in the Journal of Hydrology and other outlets
are of permanent value. I perceive a tendency
to dress up old ideas as new ones, apply them
in trivial situations and publish the results. This
is particularly true of surface-water hydrology.
I am less familiar with groundwater hydrology
so I may be more easily led to believe in the
value of papers in that area. In general, I think
that hydrology is being practised by people
who are not looking to the future but to the
past, who are playing games with old ideas
instead of facing the problems of today. This
is probably particularly true of hydrologists
working in universities, where there is pressure
to produce papers.

H. T. - How should a person proceed who
wishes to take up water-resources management or hydrology as a profession?
J.E.N. - I drifted into this area from civil engineering as did many others who later became
prominent hydrologists. They were not trained
as hydrologists at the undergraduate level nor
did many of them take a postgraduate course.
I doubt, for example, whether Waiter Langbein-

one of the most distinguished American hydrologists of the classical hydrological period after
the Second World War-ever took a postgraduate course. He, too, drifted into hydrology out
of interest and brought with him the skills of his
previous profession, engineering. Nonetheless,
it is not reasonable to expect people to come
into hydrology from geography, geology, systems analysis, mathematics, or whatever, simply because they come across something of
interest. More formal training is required. In
some countries, professional undergraduate
training in hydrology is provided. This might be
the best way, but it is unreasonable to expect a
young person to constrain his employment
opportunities by adopting such a narrow
course. it would be more reasonable to take
undergraduate training in appropriate areas
such as civil or environmental engineering,
physics, chemistry or mathematics, and move
into hydrology through postgraduate study.
This should largely take the form of the international courses which exist at the moment. Despite the criticism that can be levelled at them,
they do provide the easiest access to something like a systematic body of knowledge in
this area.

H. T. -At this point, I would like to ask you
about your contacts with WMO.
J.E.N. - My contacts with WMO go back many
many years. As well as having carried out several small projects for WMO, we have had its
financial support for a number of fellowships on
our international courses in Galway and WMO
personnel have on occasion lectured in Galway.
We also have contacts in Africa. At the University of Oar es-Salaam in Tanzania, we provide
the framework for a course somewhat similar to
that in Galway. My colleagues give part of the
course there, taking turns to go for a month or
maybe a few months at a time. We have also
participated in the WMO course at Nairobi.

H. T. -To what extent do these postgraduate courses-those in Galway, Dar esSalaam, Nairobi and others-provide a
solution to the hydrological problems of
the developing world?
J.E.N. -My feeling is that they are not at all an
adequate response. The young people who
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emerge from these courses have acquired
certain knowledge and will in time, I hope,
become good professionals. Many already
have a good deal of practical experience and
some have a good theoretical background, but
the developing world needs greater expertise
than the normal graduate of these institutions
could be expected to possess. I have suggested in the past that consideration should be
given to the creation of an institute for hydrological studies somewhere in the developing
world. The first step would be to assemble a
few-perhaps three or four-distinguished
scientists and engineers who would first consider what the problems are, e.g. the hydrological aspects of water-resources development,
irrigation, changing climate, etc., and outline
the manner in which the problems might be
tackled. Top-level experts would then be
recruited to deal with the problems operationally. There would of course be room within
the institute for younger people to acquire
experience and further training-on-the-job
training and training acquired simply by association with these distinguished people. I think
we owe this much to the developing world.

Deidre and Eamon Nash at their home in Galway in
June 1993
Photo: H. Taba

H. T. -What are you doing nowadays?

J.E.N. - I have been retired for almost a year
now and I intend to enjoy my retirement. I want
a quiet life and I intend to leave hydrology fairly
soon-1 would not like to spend whatever years
I have left chasing after the latest state of hydrological knowledge. My life has not changed all
that much. On rainy days, I come to the university, where I still have an office, and on fine
days I go for walks. I propose to continue to
do that for the rest of my life. I also spend
time with my family: my wife and I have three
children and four grandchildren. We have had
three holidays since retirement-in Calabria,
the Algarve and Tuscany. We shall soon settle
down, however, and do some gardening. I don't
really like gardening, but I would like to have a
nice garden. I cut the grass and my wife does
the skilled operations.
H. T. -Why did you give up golf? Is it
because it rains too much in Ireland?

J.E.N. - I am sure it was John Rodda4 who
suggested this question to you! The rain would
have been a good reason, but was not why
I gave golf up. The real reason is quite simple.
I took up golf at the age 50. My wife, my
younger son, David, and I played golf for two
seasons. I arrived at the stage where my handicap was about a factor of two-not a mere
reduction of the number of actual strokes by
two but a division by two. My wife was worseshe needed a factor of three-and David was
worse still. After two years of this, we decided
we weren't getting any better; the whole thing
was desperately frustrating and we gave it up!

H. T. - I was happy to have been here this
morning in the beautiful county of Galway.
Thank you, Professor Nash, for this frank
and good-natured interview.
J.E.N. -Thank you very much indeed Dr Taba;
you have been patient with me and allowed me
to waffle on at great length!

4
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Director, Hydrology and Water Resources Department, WMO

Professor Hubert H. Lamb

There are many traces of ancient human settlement in that part of England known as East
Anglia: the most extensive tool-making centre
in Stone Age Europe at Grimes Graves near
Thetford, and long sea banks for coastal protection dating from the Roman Age in the fenland near The Wash. Salt pans in that area are
evidence of another ancient industry. There
were Saxon, and later Danish, settlements.
Norwich, already a busy importing and marketing centre, was destroyed after a Viking raid in
1004 but, lying near fertile agricultural lands, it
soon grew again. lt became England's second
largest city, with a fine cathedral and a Benedictine monastery built around 11 00, and maintained that eminence for several centuries. /t
was an important centre of the great wool trade
until the late 18th century, when the Industrial
Revolution drew that industry away to the mills
of northern England. Nevertheless, other industries-boot and shoe manufacturing, engineering, printing and mustard production-replaced
the loss in the 19th century. And Norwich, little
marked by the Industrial Revolution, remained a
pleasant city.
A grammar school was founded in the city
by Edward VI (ruled 1547-1553) and the British naval hero, Horatio Nelson, was one of its
most famous pupils. The Norwich School of
Art was founded in 1846 and the University of
East Anglia (UEA) in 1961, admitting its first
student in 1963.
The School of Environmental Sciences of
UEA provides educational facilities not only in
the physical and biological environment such
as geophysics, oceanography, Earth sciences,
meteorology and ecology, but also the social
aspects of environmental management and the
politics relating to environmental decisionmaking.
The Climatic Research Unit, which is part
of the School of the Environmental Sciences,
was created by Professor Hubert Lamb, our
interviewee in this issue. He is regarded as
one of the greatest climatologists of the 20th
century.
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Hubcrt H. Lamb

Hubert Lamb was born in Bedford in 1913.
His grandfather was Horace Lamb, the famous
mathematician and author of many textbooks,
including the now-classic Hydrodynamics (published in .1932), which is used by all students of
meteorology. Hubert conceived an early love
for mountain- and hill-walking and claims that
his interest in meteorology was triggered by
observing the variations of weather in mountain
areas. After leaving Cambridge, he applied to
join the Meteorological Office. He was interviewed by the Director, Sir George Simpson,
and sent for training under S. P. Peters at Croydon Airport (near London).
In July 1939, when regular trans-Atlantic
flights were in the planning stage, Lamb's work
at Croydon consisted in surveying upper winds
and weather maps over the trans-Atlantic
route. After Croydon, Lamb was sent to
Montrose in Scotland~ which suited him
admirably~ since, when off duty, he was able to
enjoy the Scottish mountains and hills; he also
spent a holiday sailing around Iceland.

During this period, he published two papers;
one on Scottish east..coast haars, and one on
Greenland. Hubert spent most of the Second
World War in Ireland, forecasting for transAtlantic flights, as well as being in charge of a
two-year training course. In 1946, after his return
to the Meteorological Office, he volunteered for
duty as meteorologist on board the whaling ship
Balaena, plying the Southern Ocean.
Hubert was next posted to the Forecasting Research Branch of the Meteorological
Office to study medium- and long-range forecasting. He was then sent to the Climatology
Division, where he discovered the archives and
the immense amount of data they contained.
This was the beginning of the period in which
he became seriously involved in climatological
research. He published many papers of great
scientific value, demonstrating, inter alia, the
relation between variations in sea-surface temperatures and climate variations.
Sir Graham Sutton awarded him a special
promotion in 1963, and provided him with more
freedom for his climate research.
When the question of retirement approached
in the late 1960s, Hubert was offered the task
of establishing the Climatic Research Unit at UEA,
and of obtaining sponsorship for the proposed
unit-a duty he accomplished to perfection.
Today, the Climatic Research Unit of UEA
enjoys an international reputation and is considered one of the foremost of such centres
in the world. Hubert Lamb has undoubtedly
achieved a great deal. His personality has
always been a source of inspiration to both
colleagues and students. He is well known for
his honesty and sincerity and above all for his
vast memory and his ability to analyse events.
Dr Taba, who conducted this interview at
Professor Lamb's home in Holt, near Norwich,
in July 1993, says that Professor and Mrs Lamb
spared no effort to make his visit a pleasant
and memorable one.

H. T. - let us begin this interview with
your telling me the date and place of your
birth and some description of the area
and the environment in which you lived In
your early years.
H.H.L. - I was born in September 1913 in
Bedford. My father took up a professorship of
engineering in East London College (now Queen

Mary College) and my parents moved to Hampstead Garden Suburb when I was four months
old. Although only eight kilometres from central
London, there was open country almost to the
door. lt was a suburb planned to be rather
forward-looking: every family of whatever social
level had a suitably sized house and a garden. lt
was a good community and interesting, politically: leading members of the three main political parties lived within 200 m of our house.
Altogether, it was a good place to live.

H. T. - Were you affected by the First
World War?
H.H.L. - I remember being taken to see the
craters where the bombs had fallen. Fortunately, no house in our area was hit. We moved
to Portsmouth for a year as my father worked
as an engineer in the Navy dockyard there during the war. We returned to Hampstead Garden
Suburb when the war was over.
H. T. - Horace lamb, the mathematician,
was your grandfather. Please tell us about
him.
H.H.L. - He was a really remarkable man and
it is extraordinary what he achieved. He was
born in 1849 in a slum street in Stockport
(near Manchester) and his father died when he
was only two years old. His mother re-married,
but it was an unhappy marriage and Horace
was brought up by a strict aunt. lt was only
when he was in his teens, and at Stockport
Grammar School, that he began to flourish. He
became its best pupil and the headmaster took
an interest in him. At the age of 18 he went to
Trinity College, Cambridge, and graduated second in mathematics in the whole university.
While at Cambridge he became interested
in mountaineering, and was a member of the
third party to climb the Matterhorn in Switzerland. He was also in Paris during the commotion
of the Paris Commune in 1870, which seemed
to have made a deep impression on him. He
reacted against all sorts of radical politics after
that and became a mainstream supporter of the
Tory (Conservative) party in Britain-not all his
family have followed in that same line! At an
extremely young age he was appointed first
professor of mathematics at the new University
of Adelaide, South Australia. He went out there
in 1875 with his bride (a niece of his former
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University of Easr Anglia, Norwich, 1979- Professor Lamb with

headmaster). They lived there for 10 years and
had a large family, including my father.

H. T.
Your father, aunts and uncles were
all eminent personalities?
H.H.L. - My aunt Helen was tutor in charge of
one of the main residential halls of Newnham
College, Cambridge, then a ladies' college. Aunt
Peggy became a Roman Catholic nun (a move
greatly objected to by old grandfather Lamb and
which caused all sorts of stresses in the family).
Aunt Dorothy married first the senior civil servant in the Ministry of Transport in London,
John Reeve Brooke, brother of the poet, Rupert
Brooke. When he died, she married the head of
the Air Ministry, Waiter Nicholson. Aunt Dorothy
herself was an archaeologist and lectured in the
subject. At an early stage in his career, and until
his retirement in the early 1960s, my uncle
Waiter was secretary of the Royal Academy of

res~arch

students and staff

Arts in London. Uncle Henry was the wild boy of
the family and caused a great deal of trouble:
he couldn't adjust to the family and they couldn't
adjust to him. He became a distinguished painter
and was ultimately elected a member of the
Royal Academy of Arts. Some of his war scenes
are preserved in the Imperial War Museum.
Henry had quite a strong influence on my life,
although I seldom met him-1 think my father
was afraid that I might turn out like him!

H. T. - How did you feel about having such
prodigious antecedents?
H.H.L. -For a long time, I was the only male
descendant of the family bearing the name of
Lamb and there was a terrible concentration of
expectations of what I should do, which I was
absolutely convinced I would never live up to.
I was an only child and my father was far
too severe and possessive towards me. He
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regarded it as his right to decide what I should
do and the subjects I should study. My aunts
Helen and Dorothy tried to moderate his excessive ideas, perhaps not very effectively. I was
profoundly marked by my stern upbringing and
by this collection of strong personalities which
was my family. I was extremely fond of an aunt
and uncle on my mother's side. He was a county
architect in Hereford and his wife was good to
me. They were one of my firmest anchors in the
family.

H. T. -Did you have a particular friendship as a child?
H.H.L. - My best friend in the early years was
Trevor Huddlestonland we have always kept in
touch. His mother and mine were close friends
in their school years in Bedford and by chance
they lived close to us in Hampstead Garden
Suburb. I knew many of his aunts and uncles,
although they all lived abroad. His parents lived
in India, where his father was a captain in the
Anglo-lndian Navy. Trevor was a refreshing
character for me with his family's associations
with the sea and the outside world, so different
from my own family connections. We went up
through our first school together, and achieved
about equal prominence at the end of our early
school careers. Neither of us was much interested in sport-particularly not me.
H. T. - I believe that l. F. Richardson2 was
a childhood acquaintance ?
H.H.L. - I was also at school with Richardson's
eldest son, Olaf. We were good friends and,
I

2

Born in 1913, he was ordained in 1937 and joined
the monastic Community of the Resurrection in
1939. He was sent as priest in charge of Sophiatown, Johannesburg, in 1949 until its clearance in
1953. He became a bishop in Tanganyika in 1960
and was appointed suffragan bishop of Stepney
(London) in 1968. From 1978 to 1983, he was
Anglican Archbishop of the Indian Ocean, based in
Mauritius. He is now President of the Anti-Apartheid
Movement, based in London.

between the ages of eight and 12, I often went
to tea at his house, where I met his father and
the whole family. I didn't come into contact with
his work in the field of meteorology but I was
influenced by him to join Olaf in the scout movement. Above all, I was influenced by Richardson's
Quakerism3 and his interpretation of Christianity
at a time when I was reacting against the militaristic tendencies elsewhere, particularly of my
family. I was loyal to Christianity but not the high
Church that my father and mother favoured.
I could not accept that the Christian religion
should attempt to force people to be good or
to become Christian at the point of the sword.

H. T. - What about secondary school?
H.H.L. -Secondary school was a public school,
Oundle, which had a strong influence upon me.
I don't approve of boarding schools, except
when they are absolutely necessary. I think chil·
dren should live at home and, up to the age of
13, I had done. lt was difficult for me, because
the discipline of school was more congenial to
me than the discipline imposed by my father,
so I had two conflicting authorities in my life,
which was stressful.
When I was 15, and went back to school
after the summer holidays, I found that I had
been switched-without warning or explanation-to the science side. I was pleased to
study science but I resented having to abandon
history and languages. Although I was never
any good at French, I made useful progress
with the Scandinavian languages, which was a
natural development. An adopted aunt of mine
was a Danish lady. Through her and the Norwegian folk and fairy tales that my father's gener·
ation had been brought up on, I was interested
in Norway and Denmark from an early age.
H. T. - You went on to obtain a degree
from Cambridge University?
H.H.L. - I went to Cambridge to study natural
sciences. A crisis ensued, because I wanted,
after two years, against my father's wishes, to

Lewis Fry Richardson, 1881-1953, British physicist
and psychologist: he was the first to apply mathematical techniques to predict the weather. His
methods, which he first applied to meteorology in
1913, were used to greater effect with the advent of
the computer. The Richardson number, a fundamen·
tal quantity involving the gradients of temperature
and wind velocity, was named after him. (Ed.)

3
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Principles and practice of the Quakers, a Christian
group founded in England in 1648-1650 by George
Fox. Distinguished by their peaceful ideals and
plainness of dress and manners, they ;are dedicated
to living in accordance with a direct inward
conception of God without creed or clergy. They are
especially known for their work in social reform. (Ed.)

abandon natural sciences and enter the geography school. I did the two-year geography
course in one year and ended up with a degree
in the first part of the natural science course
and the first part of the geography course. My
father described it as a degree that I would
regret all my life. He would not, however, agree
to allowing me an extra year to complete the
geography course.

H. T.
When did you start thinking about
weather, climate and meteorology?

H.H.L. -As a family, we spent all our holidays
hill-walking in north Wales or the Lake District.
From an early age, I observed how the hills
affected the weather, which in turn affected our
ability to navigate the hills. I also remember
some severe winters in my childhood: being
fascinated by the frost flowers on my playroom
windows in 1917, when not yet four years' old;
a tremendous snowfall at Christmas, 1927; and
a severe frost in February 1929, when we
walked to a frozen lake outside Oundle and
I acquired a life-long love of ice-skating-the
only sport, apart from hill-walking, swimming
and skiing, that I have thoroughly enjoyed.

(RAF) had established flying schools along
parts of the east coast and the haars were a
serious concern. My job was to forecast the
local weather for the trainee pilots doing short
runs and landings.
One day, we were confronted by a mysterious and alarming haze, like a thick fog,
coming towards the coast from the south-east.
I thought it couldn't be fog, as the humidity
was too low, so I asked the commanding officer, who was panicking, whether I could go up
in an aircraft and have a look. Once I was airborne, it was quite clear to me that the haze
was, in fact, smoke. Coming from Glasgow and
the whole industrial belt in southern Scotland, it
was being fanned by the westerly wind on to
the North Sea, where it was caught by breezes
which brought it back towards the coast near
Montrose.
The rest of my investigation into haars
involved more flying and taking upper-air temperatures over the coastal waters. I produced a
paper on forecasting North Sea fogs on the
east coast, which was well thought of. Publication was banned, however, because we were
on the verge of war, and this was considered
classified information.
·

H. T.- What about your first employment?
H.H.L. - In the summer of 1936, nearly a year
after I left Cambridge, I answered an advertisement for technical officers at the Meteorological
(Met) Office. This was during the depression and
jobs were hard to come by and I didn't expect to
be successful. So, when they wanted to offer me
a post, I was hitch-hiking in Norwayll accepted,
of course. My qualifications from Cambridge
could not have been very impressive, but I must
have made a favourable impression on the Director of the Met. Office, Sir George Simpson. He
had been one of Horace Lamb's pupils in Manchester and presumed that his grandson must
have some ability!
I started work on 12 October 1936 at Croydon Airport and spent the first six months studying meteorology under S. P. Peters, whom I met
again this year, by the way-he is now 95.
H. T.

Then you were posted to Scotland?

H.H.L.
In April 1937, I was sent to Montrose, on the east coast of Scotland, to study
haars, a local name for sea fogs, which pose
great difficulties for pilots. The Royal Air Force

H. T. - How did you reconcile your reli·
gious beliefs with activities associated
with the impending war?
H.H.L.- My worries about possible involve·
ment in military activities that would conflict
with my conscience commitment came sharply
to a head early in July 1939, when I received
an instruction over the teleprinter to go down
to an airfield in England to take part in gasspraying practice. That was something I would
not take part in and I sent a message saying
so. The Director of the Met Office, Sir Nelson
Johnson, was abroad at the time and his deputy demanded my immediate resignation. About
a week later, Sir Nelson Johnson returned, and
another message came over the teleprinter,
asking me to reconsider my resignation and
accept a transfer to the Irish Meteorological
Service, which was just coming into existence.
I thought this was a civilized solution and was
happy to accept.
H. T. - So you went for further training to
Ireland?
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1-/.H.L. -The Irish Meteorological Service had
been founded in 1936, but hadn't developed
far; indeed, the first scientists and assistants
were still only in the early stages of their training three years later. The Director was a man
called Nagle, a Londoner of Irish extraction,
who had created a far-seeing, two-year course
for training newly recruited university graduates
in meteorology, including one year at the
Massachusetts Institute of Technology (M IT) in
Boston. I was considerably interested in this, as
I felt it would make me a real meteorologist!
When war broke out, however, a shock was
in store for me. Nagle called me from Shannon
Airport (then at a village called Foynes on the
River Shannon in County Limerick) and said that
not only was the programme at MIT to be abandoned but that I would have to carry out the
training myself. I had had only a quarter of the
required training, but Nagle assured me that
I would be able to manage because there was a
splendid new textbook of meteorology that had
been published by one of the leaders of the
Bergen School of Meteorology, Tor Bergeron.
Unfortunately, it had been written by a Czech in
German. This posed a slight difficulty as I had
only had a few hours of German, so I had to
learn German and the meteorology from this
book at the same time in order to train the students in Ireland. This started me on a career of
sleeplessness from which I have suffered ever
since, but it had to be and it worked. I went to
Foynes, where I met up again with S. P. Peters,
who was in charge of forecasting for the transAtlantic air route. The students wanted to learn;
they were pleasant to work with and we developed a good relationship.

H. T.- How did you spend the war?
H.H.L. - I spent most of the war working on
the trans-Atlantic air route from Foynes. Every
day we measured the wind zone over the Atlantic from weather maps to obtain a log of the
likely flight time over the North Atlantic to
North America. The aircraft could only make
the shortest possible crossing from the west
of Ireland to Newfoundland.
In 1941, I was put in charge of the Shannon Airport Meteorological Office and had full
responsibility for forecasting for the aircraft
crossing the Atlantic. The first passenger flight
had actually taken place at the end of July
1939, and it was a matter of pride to us all

that flying across the Atlantic-a pioneering
effort with aircraft that had few reserves-was
carried on throughout the war without mishap.
In the middle of the war, we persuaded airtraffic control to send an aircraft flying the winter route between Bermuda and Lisbon back to
Bermuda because of headwinds that would
have prevented it reaching Lisbon. In our message, we pointed out the difficulty, and the
aircraft returned. British Overseas Airways
considered we saved that aircraft and sent us
a special letter of thanks.
H. T. - How did you manage to forecast
conditions over the Atlantic when there
was virtually no meteorological information available?

H.H.L.- The few reports from the ocean that
were made at that time were secret and
certainly could not be transmitted to a neutral
country, such as Ireland. The answer is that we
got our information from debriefing the air
crews after arrival in Foynes. In one respect,
Nature was on our side, as weather systems
are less complicated when travelling over a
featureless ocean as opposed to travelling
over a continent full of mountain ranges, such
as Europe. For instance, the weather systems
we experienced in Scotland which came from
the Atlantic were much simpler than those
which came from continental Europe.
H. T. -Why did you return to the United
Kingdom Met. Office?

H.H.L. - I returned to the Met. Office in the
last year of the war as a result of a fundamental disagreement with Nagle. He was so ambitious for his Service in Ireland that he had
taken on far more routine work than his small
staff could possibly cope with. I felt that the
safety of the aircraft over the Atlantic would be
jeopardized by all the other things that the forecasters had been asked to do. So I resigned,
and a member of the Directorate of the British
Met. Office kindly wrote and invited me to
return, which I did.
H. T. -Did your return constitute a happy
experience·?

H.H.L. - I was prepared for the possibility that
some of my former colleagues might have res-
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ervations about me: I had had an easy passage,
having spent the war in a neutral country, but
I'm glad to say that the relationships were good
and my return to the Met. Office was an
unquestionably happy event.
H. T. -Tell us about your whaling expedi·
tion in the Antarctic.
H.H.L. - I had been back scarcely a year, and
was working in Scotland again, when I received
a letter informing me that the Met. Office had
been asked to supply a meteorologist, to be
attached to the Ba/aena whaling expedition in
the Antarctic. I applied and was successful.
The fact that I replied so quickly and enthusiastically probably counted in my favour, as well
as the fact that I could speak some Norwegian,
as about 360 of the 390 crew were Norwegians. Met. Office Headquarters in London had
assembled an impressive instrument kit and
preparations were wholly in the hands of the
assistant director for instruments: no thought
whatsoever had been given to issuing forecasts or warnings, which was the real objective
as far as the whaling company was concerned.
Two amphibious aircraft were taken on, which
were to look for whales and report back to the
ship (whales had become scarce before the
war because of overhunting).

/-1. T. -So how did you proceed in such
conditions?
H.H.L.- Somewhere off the coast of West
Africa, I drafted a signal to London suggesting
that I be withdrawn from the expedition at Cape
Town as there were no forecasting office on

board, no radio operator with time to spare for
collecting weather messages, and no maps.
I was immediately promised that a forecasting
office would be created, a radio operator could
be recruited in Cape Town and I would have to
try and obtain blank weather maps by some
arrangement with the Navy Weather Service at
Cape Town. I got everything I wanted and
everything worked splendidly.
There were few meteorological observation reports from the southern hemisphere In
those days, except from the inhabited lands in
the lower middle latitudes. The only way to deal
with this was to draw a weather map of the
whole southern hemisphere once a day, using
weather observations from the sub-tropical belt
and lower middle latitudes to discover what one
could about the general circulation, the location
and shape of the sub-tropical anticyclones, the
shape of the flow of the atmosphere over the
Southern Ocean and where there were fronts
or other disturbances. When a flight was
scheduled, we would first send an aircraft
directly towards the worst approaching threat
and discover how far you could go in clear
weather.

H. T. - Do you regard the Balaena expedition as a success?
H.H.L. - Our method worked and we had an
incident-free season. The main difficulty was
that the whales were so abundant, that the
services of the aircraft were hardly needed and
they did little flying. There were something like
100 hours of flying, including frequent trips to
the Antarctic coast, which had not yet been
charted. The expedition could be therefore
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regarded as a success. When I returned to England, however, I had to report that it would not
be worth sending a meteorologist on another
such expedition unless the cooperation of the
captain and senior officers improved. For
example, the captain had never been reconciled
to the idea that he needed any sort of scientific
advice at all; he insisted he knew where the
whales would be and what the weather would
do in an area where meteorological conditions
were extreme and sudden. That was the only
season that anybody went from the Met. Office.

subjects and, for a number of years after the
whaling exploit, continued writing on Antarctic
meteorology and the contrast between the general atmospheric circulation over the northern
and southern hemispheres, especially in higher
latitudes. I was on the British National Antarctic
Research Committee until1978.
After that, I was posted for some overseas
service in Germany and the Mediterranean,
where I was in charge of routine forecasting for
long-distance flights again.

H. T. -What did you do upon your return?

H. T. -When did you start to work in
climatology?

H.H.L. - I returned to join the long-range forecasting research division, which was established
in 1948. My part concerned the underlying
climatology, defining the natural seasons that
seem to be inherent in the behaviour of the
atmosphere as well as long spells in weather
and recurrent episodes that have become
known as "singularities". I wrote on those

H.H.L. -That was when I was posted back to
the Met. Office in England, in 1954. I was
attached to a climatological division in Harrow,
dealing with overseas climatological enquiries.
I was presented with a unique opportunity-one
of several strokes of luck in my career-that of
working on the Met. Office archives. These had
been parcelled up and sent for safe keeping during the war, had been returned to Harrow and
were still in parcels in the basement two floors
below the ground, where I found them. lied a
charmed life for nearly two year s-I was not
even interrupted by the telephone. The wealth of
data those archives contained was probably the
greatest in the world at that time. I discovered
that it was possible to create monthly mean
pressure maps for each January and July going
back as far as 1750. When, in 1955, the Royal
Meteorological Society announced a competition
on the subject of climatic variation for a prize
essay in 1959, it could not have been more
appropriate to what I was trying to do and
I obtained permission officially to continue with
this work. I even had the services of an assistant to plot the maps and, when time was running out, an associate, A. I. Johnson. My work
did not win the major prize but received an honourable mention. lt interested many people and
stimulated much interesting work, which opened
up new avenues.
H. T. - How did you become acquainted
with Harry Godwin?

Professor Lamb in his office at the Climatic Research
University of East Angliu, Norwich. Professor
Lamb established the Centre and was its director for
seven years until his retirement

Cenlr~.

H.H.L. -That was another stroke of luck. Professor Harry Godwin was the driving force at
the internationally famous School of Botany in
Cambridge University and he wrote to me. He
had heard that the Met. Office at last had
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somebody working on ancient climates and
asked me to contact him. He had already established a series of discussions in Cambridge
to talk about vegetation and climate history.
That acquaintance was extremely beneficial to
me. Through it, I became aware of categories
of data in and relating to ancient botany of
which I had been totally unaware. I gave a talk
or two to the Cambridge botany group and
learned a great deal from them. lt was most
stimulating; they were in contact with workers
in relevant fields all over the world. lt is still one
of the greatest institutions for coordinating
knowledge on past climate.

H. T. - Who were the meteorologists with
whom you had most contact?

H.H.L. - George Bull, the Met. Office librarian,
was very helpful to me. I had some contact with
C. E. P. Brooks, who had been famous in the
Met. Office between the wars. He headed the
Climatology Division when I was in Harrow, but
had retired by the time I arrived. Abroad, I met
Sverre Pettersen in Norway and I also came
into contact with Bergeron and Rossby. Those
contacts were stimulating and useful and I corresponded with Bergeron right up to his death,
many years afterwards. I had some contact
with Harry Wexler in the USA as well, who was
interested in the question of volcanic influence.
H. T. -Your ideas about volcanic activity
and its effects on climate deserve some
explanation ...

H.H.L.- My series of pressure maps going
back to 1750 showed a great deal. I was
extremely pleased with them; even with the
naked eye, great changes in circulation patterns
could be discerned and, over different periods,
variations in the prevailing strengths of winds
and atmospheric pressure. This, of course, told
us nothing about the causes of such climatic
variations. One field to explore was volcanic
materials in the atmosphere. There were already
articles on the subject by meteorologists such
as Defant in Germany, Wagner in Austria,
Humphreys in the USA, and Brooks in England.
Solar variation also occurred to me but it had
occurred to a number of other people and some
of my predecessors in the Met. Office in the
1920s had embarrassed themselves tremendously by treating the whole question of solar

influence on the weather as much simpler than it
was, and made appallingly bad forecasts. Solar
influence was still in bad odour in the 1950s and
1960s, particularly with the leaders of the Royal
Meteorological Society. Volcanic activity was
clearly worth looking at, however.

H. T. - Did your interest result in a paper?

H.H.L. - An article in one of the main volcanological journals impressed me. Its author, Karl
Sapper in Germany, had ranked all known volcanic eruptions around the world in recent centuries and discussed their emission of materials
into the atmosphere. it was a great factual article but contained no meteorology. I decided
essentially to repeat that exercise, paying particular attention to the spread of volcanic materials in the atmosphere and making full use of
what was then becoming known about the circulation of the atmosphere at great heights in
the troposphere and lower stratosphere. In
1970, I produced a paper on volcanic dust in
the atmosphere and its meteorological significance since about 1500 AD.
H. T. - Did you manage to have it
published?

H.H.L. - I regarded it as almost ready for publication but needed somebody to approve it on
the geological and the volcanological side. So,
I looked up the name of the Chairman of the
British National Volcanological Research Committee in the Royal Society Year Book, Prof.
Wager, and wrote to him in Oxford. I asked him
whether he could look at my draft and advise
me. He suggested that the paper be published
by the Royal Society but the Met. Office didn't
agree. Moreover, Wager died suddenly and
unexpectedly three weeks later. Consequently,
the manuscript sat on my windowsill in my
office in Bracknell for several years. About
196 7, there was a small volcanic eruption on
British territory in the Antarctic and the British
National Volcanological Committee decided to
meet and discuss the matter. One of the participants in that meeting was a research student to whom Wager had passed my paper
before he died. The Royal Society then wrote
asking why the draft had not been published
and the Met. Office changed its mind. My
paper was published by the Royal Society in
1970, which was a great achievement for me.
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H. T. -You then extended your interest to
the domain of sea temperature and its
effects on climate?
H.H.L. - I became interested in sea temperature and the extent to which snow cover on land
affects temperatures at the Earth's surface and
reacts upon the atmosphere. I incorporated my
work on this in my book Climate: Present, Past
and Future. I am firmly convinced of the importance of these matters. I don't think the influence of surface temperature on the atmosphere
is quite as strong as I first imagined but there is
clearly a reaction there: on windflow and the
deposit of snow and rainfall. Surface temperature is also a means of indicating what the
prevailing upper-air temperature was likely to
have been. These questions were of concern to
me because of my interest in the development
of cyclones and anticyclones, and their persistence and changes in the occurrence of long
spells of weather during their lifetime.

H. T. - You discovered a range of mountains through studying the clouds of the
Antarctic?
H.H.L. - On the basis of the weather maps
I had drawn in the far south, I indicated the
existence of a mountain wall or the crest of the
ice cap in the Antarctic interior about 4 000 m
high. A German professor called Meinardus
had suggested several decades previously that
the probable average height of the whole
Antarctic continent was about 2 300 m, making it the highest continent of all. His estimate
wasn't bad. My hypothesis was verified only a
decade later by the findings of the expeditions
associated with the International Geophysical
Year (1957).
H. T. - For this work you received a special promotion?
H.H.L.
I received a special merit promotion
for my Antarctic work in 1963. lt was organized by Sir Graham Sutton and entailed an
interview. lt was quite a psychological test for
me to go for an interview at that stage of my
career, when I was already 50 years old, and
after so many years. I was grateful to him for
the encouragement he gave me.

H. T. - What were your main publications
by that time?

H.H.L. -In 1961, Sutton asked me to write a
new edition of the book by Brooks called The
English Climate, which I did in about only six
months. it is a useful book, but I don't think it is
in print any more. A long article of mine was
published in the Quarterly Journal of the Royal
Meteorological Society entitled "Types and
spells of weather around the year-natural seasons and singularities", as well as various
papers on the general atmospheric circulation
over the far south and the differences in the
meteorology of the northern and solar polar
regions. In 1960, my work on past climate led
to my being solicited by the BBC to do a programme on past climate and its influences on
human history, and that led to my being invited
by the publishers Methuen to write a book. That
was an important departure for me because I
told them immediately that, although I would like
to do it, I didn't know enough at that date to
write it.; they would have to bear with me while
I became more involved in the subject. This they
did and they were most tolerant. Once a year,
they gave me a nice luncheon in London and
asked how it was going, until 1966, when I felt
I couldn't expect them to wait much longer. We
concocted a book of collected papers of mine,
which appeared under the title The Changing
Climate. it wasn't until1972 that I was able to
give them the first volume of my major work
Climate: Present, Past and Future. lt was well
received and, five years later, I produced an
even larger second volume on climatic history
which went back through the geological past,
and with a short chapter on the future. I was
always more interested in Nature's contribution
to climatic change than Man's. We must bear in
mind the possibility that human activity may
upset the climate, but it is important to see what
Nature does.

H. T. -You have strong views on the
relation between historical events and
climate?
H.H.L. - I always wanted my education to
combine languages, history and science. My
interest in history, you will understand, was
never in battles or personalities but rather in
how the people lived. I had been tremendously
influenced by writers of English history such as
Trevelyan, who wrote on social history. I was
interested in how climate affected the life of
the people, their food and health. I have written
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a number of papers on that theme: e.g. "Trees
and climatic history in Scotland" and "The early
medieval warm epoch and its sequel". In 1982,
I published the book Climate, History and the
Modern World and, in 1988, a book of essays
entitled Weather, Climate and Human Affairs,
which were both concerned with those aspects.
lt has been a delight to me that my career took
a turn into climatic development and gave me
a formal opportunity to indulge in exploring
human history and how it has been affected by
changes in the natural world.

H. T. - Why did you start to think about
working in another environment?
H.H.L. -Things that I wanted to do in connection with discovering more about the climate of
times past I could not do in the Met. Office as
long as I was working alone and, as extra staff
were not forthcoming, I began to look elsewhere. Moreover, I was getting on in years, but
I didn't want to retire at 60; a university seemed
to be the solution.
H. T. - So you came to East Anglia and set
up the Climatic Research Unit. Are you
pleased with what it has achieved?
H.H.L. - I was extremely happy to set up the
Climatic Research Unit in the University of East
Anglia at Norwich. There was a great need for a
research institution which would investigate what
climate had actually done as a result of natural
influences before we could venture into forecasting future climate. The Unit has been a positive
addition to the University; it has attracted a
great deal of publicity, which has helped make it
known. The balance of its work hasn't been
entirely what I hoped, but that was largely
because of lack of money. Already in the 1960s,
when I began applying for university posts,
I realized that the financial climate was becoming less favourable. When I was appointed by
the University of East Anglia to set up the Climatic Research Unit, I was horrified to discover
that the only permanent posts they could offer
were mine and that of one secretary, otherwise
it was a question of three-year contracts. This is
now an accepted procedure but it is bad for
research. In the first half of the century in the
United Kingdom, the Department of Scientific
and Industrial Research awarded grants on the
merits of the applicants. Now it is a question of

commissioning research to do something in particular by bodies looking for certain results; they
know the answer they want before they give the
money. Nevertheless, the Unit has made its
mark and that is a matter of no small pride and
satisfaction to me.

H. T. - How do you view the situation
concerning climate research in general?
H.H.L. - I still have the basic feeling that past
records need pursuing. lt has been a disappointment to me that the interest in human
impacts on climate has become so fashionable
that it has dominated the scene. I had only
about seven years to establish and head the Climatic Research Unit, which wasn't long enough
to progress far with the past record. Others
have joined in and more and more is becoming
known about past climate but, latterly, there
has been a swing of interest away, partly owing
to the power of computerized theoretical modelling. There has been too much theory and not
enough fact so far in predicting the future. The
great theoretical laboratories of meteorology,
which are achieving tremendous results, have
run away with the job. I would like to see an
equal interest in what climate has actually done
and is, presumably, still trying to do-underlying any anthropogenic disturbances.
H. T. -What is your view of current worries and theories about climate change, in
particular as regards carbon dioxide?
H.H.L. - I have a guarded attitude to this,
because I think much has been presumed in
advance. Although much has been achieved, it
remains difficult to establish how much of what
is happening is a result of carbon dioxide and
associated gases in the atmosphere and how
much of it would have happened anyway,
because of natural processes alone. Quite soon
after the Second World War, Prof. Flohn4, of the
German Meteorological Service, was committed to this field of carbon dioxide and Man's
impact through radiative gases in the atmosphere. Since 1990, however, he has been suggesting that there are other influences not
taken into account before-e.g. particles
emanating from the vegetation cover of the
Earth. A precarious and threatening situation
4 Interviewed WMO Bulletin 32 (3)
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H. T. -Tell us about your contacts with WMO.
H.H.L. - My best contact with WMO was
through C.C. Wallen5. In 1959, when the Royal
Meteorological Society gave me an honourable
mention for my paper on climatic variation, but
said it was too long for them to publish, I knew
that the Swedish Geographical Society had
long been interested in this subject and had
published some distinguished papers by
Defant, Angstrom6 and others. I thought they
might like to publish mine, and they did. Wallen
in particular expressed himself as delighted to
have this work, and published it in two long
articles of the Geografiska Annaler. Oliver
Ashford7 is also an old friend, as well as a
fellow Quaker.

H. T.
Upon reflection, is there anything
you would have done differently?
Ho/1. July 1993 -llubert and Moira Lamb at home
P!wro: ll. 1(1ba

has developed for climatology: a tremendous
effort was made to land research funds in all
countries, mostly the USA, on the basis of
frightening people about the possible drastic
effect of man's activities, and so much has
been said about climate warming that there will
be an awkward situation if the warming doesn't
happen or not to the extent predicted. The
prevailing attitude is more open now than in
the past 20 years; there is a greater desire to
identify all possible influences. lt is an interesting time. Because of man's impressive scientific achievements, however, there is also the
dangerous tendency to think that Man is
responsible for all occurrences. That should be
viewed with considerable scepticism.

H. T. -As a pioneer in the field of climatology, what do you think of modern
climatology and numerical modelling?
H.H.L
I myself am not a numerical modeller-! do not have the necessary mathematical powers-but I have tremendous respect for
numerical modelling. lt has facilitated fantastic
advances in the reliability of weather forecasting a day ahead and up to several days ahead.
L. F. Richardson, of course, marked out that
course many years ago. The forecasts on
radio and television have improved enormously, even within the last three to five years.

H.H.L. - I don't think I could have done things
differently. I just did what I had the opportunity
to do. I didn't create my opportunities, although
perhaps some people might think I did.

H. T. - What are you doing nowadays?
H.H.L. - My work on climate and meteorology
has been so diverse that I find myself being
asked to continue in many things at a time
when I would really like to give more attention
to my family. I have had an extremely interesting and exciting professional life and am in the
process of writing a book about it-not to blow
my own trumpet but to say how wonderful and
what fun it has been. it will take a long time
and it remains to be seen whether I find a publisher. I have completed half the first draft, but I
will have to rehash it many times before it is
ready.

H. T. -Thank you very much, Professor
Lamb-it was as delightful and stimulating
as ever to see and talk to you again.

s Interviewed WMO Bulletin 42 (1)
Interviewed WMO Bulletin 31 (2)
7 Joined the WMO Secretariat in 1952; his last post
was Director, Programme Planning and UN Affairs
(1973-1977)
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Professor Julhin Adem

Or Taba recalls:
it was in the late 1940s that Prof. Car/ Gustaf
Rossby was asked to return to Sweden from
the USA to help build up meteorology. Having
obtained the backing of people in high places,
Rossby was able to set up the International
Meteorological Institute as part of the University of Stockholm. At that time, meteorologyand, in particular, numerical weather prediction-was gathering momentum. We had frequent visits by Rossby's old friends such as
Jacques van Mieghem, Erik Palmen, Arnt Eliassen and many other eminent personalities.
Indeed, there were more top-level scientists
than students in those days at the Institute.
Among the so-called students were a few from
the US Air Force and Navy, some Scandinavians, and, occasionally, one or two from developing countries. it so happened that most of
the visitors/students from developing parts of
the world never returned to their own countries
after terminating their studies. An exception,
however, was our interviewee in this issue,
Prof. Julian Adem from Mexico.
I met Ju/ian in Stockholm at the International Meteorological Institute sometime
towards the end of 1954. I liked him
immediately. He was a polite, shy and rather
good-looking bachelor: just the qualities the
young ladies at the Institute appreciated. I soon
learned that Julian had a Ph.D. in mathematics-a divine gift to me as I was struggling
to obtain a degree-and I was grateful to him
for the hours he spent helping me. In 1956,
Julian returned to Mexico, having published a
scientific paper in Tell us and having acquired a
great deal of knowledge, but no Swedish wife.

For those readers who do not know Julian
Adem personally, here is a brief introduction.
Julian was born in Mexico in January
1924. He went to primary, secondary and preparatory school in Tuxpan, Veracruz. His penchant for mathematics was already apparent
during those early years. He studied civil engineering and mathematics at the University of
Mexico (UNAM). His first encounter with geophysics was through seismology. Recognizing
Ju/ian 's talent, Dr. Ricardo Monges L6pez,
Director of the Institute of Geology, offered
him a job which he accepted in 1947, marking
his official entrance into the world of geo-

Mexico City, October 1993- Prof. Julilin Adem in his
office at the Centre of Atmospheric Sciences
Photo: H. Taba

physics. When the Institute of Geophysics was
founded two years later, Julian became part of
its team of research workers. In 1951 he went
to Brown University, USA, and after five
semesters obtained a doctorate in applied
mathematics.
Upon his return to Mexico in 1953, Ju/ian
gave a number of lectures on topics related to
the mechanics of continuous media and elasticity. it was during these lectures that he made
the acquaintance of Dr. C.C. Wallen, a meteorologist from Sweden and a UNESCO expert in
Mexico. This was how Ju/ian came to be in
Stockholm from October 1954 to May 1956.
His acquaintance with Rossby played a pivotal
role in that it set him off on his career as
research scientist in meteorology.
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Shortly after his return to Mexico, Ju/ian
was appointed Deputy Director of the Institute
of Geophysics. One of his first tasks was to
organize the Institute's participation in the
195 7/1958 International Geophysical Year. In
1959 he was appointed Director of the Institute and remained in that position until 1965.
He combined these duties with those of professor at UNAM's Faculty of Sciences.
it should be mentioned here that Adem's
major contribution to the theory of climate prediction dates back to this period. His thermodynamic model for hemispheric forecasting
was quite new. The model was capable of predicting temperature and precipitation anomalies
throughout the northern hemisphere months
ahead.
At this stage of his career, Ju/ian was
already an international figure. He visited the
Oceanographic Institute in Hamburg during
1961 and 1962 and it was there that he first
thought of enhancing his model to include
atmosphere-ocean interactions. In 1963 he
accepted an invitation from Namias to join him
in Washington for a year and then again later
for a more extended period unti/19 71.
Ju/ian's main dream was to establish an
Institute devoted entirely to meteorological
research and modern meteorological services.
This idea met with enthusiastic support within
the University of Mexico itself and the Centre
for Atmospheric Sciences became a reality in
19 77; Ju/ian became its Director in 19 77.
In 1978 Adem took advantage of a sabbatical year to travel once more to Hamburg,
where, at the Max P/anck Institute of Meteorology, he revised his thermodynamic model for
application to climate studies. Back in Mexico,
he was commissioned by the Faculty of Sciences to organize a Group on Climate Theory.
His new activities covered carbon dioxide and
even agrometeoro/ogy and desertification.
The principal trait of Ju/ian's character is
his extreme modesty, which can sometimes
become a problem, as is evident in his interview. Some of Julian's research work is
unique; almost all of it has practical applications. He has written more than 100 scientific
papers and his name has been cited in more
than 500 publications. Numerous groups
around the world have used his models and
applied his ideas. Yet, during the interview he
was so reticent and reserved, that I sometimes
felt the urge to shake him!

What is important in this context is the
fact that not only did he achieve everything by
himself but that he succeeded in creating in his
country the Centre for Atmospheric Sciences.
He has left an indelible impression there, where
his presence was the major motivating force
as a researcher and as promoter of geophysics
and meteorology, as well as on the Institute of
Geophysics. Julian is a source of pride for Latin
America and he is someone whom I feel privileged to know.
Ju/ian is fortunate in having Thelma, a
charming person and devoted colleague, as
well as his wife. Together they created an
international journal called Atm6sfera, of which
The/ma is technical editor.
At the time of going to press, Julian Adem
will have retired. Fortunately, he will not have
left the Centre altogether. He will continue his
invaluable contribution to its advancement.
This interview took place on 26 October
1993 in Mexico City.

H. T. - Tell us when and where you were
born and something about your family.
J.A. - I was born on 8 January 1924 in Tuxpan, Veracruz, Mexico, a small port on the Gulf
of Mexico. Tuxpan is a small town with a large
river and a beach several kilometres long. lt has
a warm climate, which is cooled by northern
winds in winter. Sometimes it is struck by tropical cyclones. My parents, Jorge Adem and
Almas Chahin, who had emigrated from Lebanon, chose Tuxpan as the place where they
would raise their family. We were seven children,
four girls and three boys. My older brother,
Jose, who died in 1991, became one of the
world's leading mathematicians in the field of
algebraic topology; my youngest brother,
Antonio, followed in my father's footsteps and
became a successful business man in Tuxpan;
my youngest sister, Esbaide, became a physicist and now works at the Institute of Physics of
the National Autonomous University of Mexico.

H. T. - You stayed in Tuxpan for your
primary and secondary schooling?

J.A. - I went to primary, secondary and preparatory school in Tuxpan. I was awarded the
Raul Nunez fellowship for best student during
the five years' period of secondary and pre-
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one of the country's top physicists, and we published a couple of papers together. lt was on his
advice that I went to Brown University, Rhode
Island, USA, in January 1951 to carry out graduate studies. Between graduation and leaving
for the USA, I also taught mathematics and
mechanics at the School of Engineering.

paratory school, which supported my five
years of university study.

H. T. -What did you study at university?

J.A. - I studied civil engineering from 1943 to
1947 and mathematics from 1945 to 1950
and obtained the degree of lngeniero Civil in
February 1948.

H. T. -What were your subjects of study
and the degree obtained?

J.A. - My subjects were fluid dynamics, elasticity, plasticity, differential equations and other
courses that were taught in the graduate division of applied mathematics. I obtained my
Ph.D. in applied mathematics in May 1953. My
thesis-on elastic wave propagation-was
directed by Prof. George Carrier, the famous
applied mathematician, who later moved to
Harvard University.

H. T. - You and I met at the International
Meteorological Institute, University of
Stockholm, Sweden. Please tell readers
what you were doing there.

Topographical practice for Julian Adem as a civil
engineering student in January 1944

H. T. - Tell us how you came to leave
Mexico for the USA.

J.A. - In 194 7, when I was preparing my engineering thesis under the supervision of Alberta
J. Flares-an outstanding professor of structural
engineering-on the seismic effect on buildings,
I went to see lng. Ricardo Monges L6pez, at that
time director of the Institute of Geology, to
obtain seismic data. lng. Monges L6pez gave
me the data but, at the same time, offered me a
job as research assistant, affording me the possibility of finishing my thesis and continuing my
research on elasticity and wave propagation. In
1949, when the Institute of Geophysics was
founded, and Monges L6pez, its creator, was
appointed director, I was transferred to the new
institute as investigador cientifico (scientific
researcher). I worked with Marcos Moshinsky,

J.A. -After obtaining my Ph.D. I returned to
Mexico City to continue my research and teaching activities at the Institute of Geophysics,
which by then was installed in the newly created Ciudad Universitaria (University City). In
1954, I met C. C. Wallen 1 , who went to Mexico
on a UNESCO mission to establish a meteorological institute. He attended a lecture that
I gave on the possible applications of fluid
dynamics to the atmosphere. The next day, he
mentioned to me that one of the top places
where such applications were already being
carried out was the International Meteorological Institute of the University of Stockholm, and
that he could arrange for me to visit the institute for an extended period. After a few days,
I received a letter from Rossby himself, kindly
inviting me to join the Stockholm group under
his direction.
H. T. -What did you do in Stockholm and
who were your colleagues?

J.A. - My stay in Stockholm from October
1954 to May 1956 was a stimulating experience, which introduced me to the atmospheric
1

281

Interviewed WMO Bulletin 42 (1)

sciences and meteorology. I took several
courses, for example: dynamic meteorology
with Bo Doosz; general circulation of the
atmosphere with Bert Bolin3; and cloud physics
with F. Ludlam, and participated in many seminars most of which were directed by Prof.
Rossby. Among my colleagues, besides you
and those mentioned before were Aksel WiinNielsen4, Erik Eriksson, Claes Rooth, Ramassuamy from India, Jerome Namias 5 from the
USA, W. Hansen from Germany, and others,
who, through the years, became leaders in the
atmospheric or oceanic sciences. I also met
many outstanding meteorologists who were
invited for short visits to give lectures: H. Flohn 6 ,
R. Fj0rtofF, E. Palmen 8 , J. Charney, T. Bergeron and many others. I had the good fortune,
in other words, to have contacts with many
outstanding personalities and be introduced to
the basic problems in meteorology.

H. T. - Did any papers result from your
Swedish experience?
J.A. -During my stay in Stockholm, I had the
immense good fortune to be guided personally
by Prof. Rossby himself. I enjoy recounting the
following anecdote. One afternoon, Rossby
invited me to have coffee. While we were drinking our coffee, he took a napkin, opened it out
it on the table, drew a circle on it, and said to
me: "Juli{m, assuming that this is a cyclone
embedded in a resting atmosphere, I would like
you to apply the vorticity equation to find how
it moves". I worked hard on this problem, and
developed a solution showing that, owing to
the variation of the Coriolis parameter, the
motion is north-westward. This subsequently
became my first meteorological paper, which
was published in Tellus in 1956.
H. T. - I assume that you returned to
Mexico after Stockholm?
'

Director, Joint Planning Staff for GARP, WMO
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Julian Adem (left) with a fellow student the day he
obtained his Ph.D. from Brown University (May 1953)

J.A. -After my stay in Stockholm, I returned,
in the summer of 1956, to the Institute of Geophysics at the University as lnvestigador titular
(Principal researcher) and Assistant Director,
where I carried out research and administrative
duties. I also taught courses on atmospheric
sciences in the Department of Physics of the
Faculty of Sciences and became involved in the
organization of Mexico's participation in the
International Geophysical Year (1957/1958).

H. T. - You became Director of the Geo·
physical Institute in October 1959 and
remained in that position until 1965.
What was the structure of the Institute at
that time and what innovations did you
introduce?

J.A. - Initially, the Institute carried out research
mostly in solid Earth sciences and, later on,
physical oceanography. it also comprised the
National Seismological Service, a network of
mareographic stations and a geomagnetic
observatory, which was modernized and maintained to give the best possible service. I introduced atmospheric sciences and space studies
to the curricula. The Atmospheric Sciences
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Section was considerably strengthened in
1962, when the UNESCO mission, initiated by
C. C. Wallen, was concluded, and the personnel
and equipment of the Institute of Applied Sciences, that he started, were transferred to the
various university institutes, notably the Geophysical Institute.

started in 1963. I decided to accept, and moved
to Washington, where I stayed until 1971.

H. T. - lt would be interesting for readers
to know about your work in the USA on
extended weather forecasting.
J.A. -The Extended Forecast Division, which
was part of the National Meteorological Centre,
had the responsibility of preparing extended
and long-range forecasts. Besides Jerome
Narnias, my colleagues were Philip Clapp,
William Klein, D. Gilman, Julian Possey and
R. Dickson. Furthermore, in the same building,
also working for the National Oceanic and
Atmospheric Administration, were F. Shuman,
H. Landsberg 9 , Jay Winston, J. Smagorinsky 10 ,
S. Manabe and other distinguished atmospheric
scientists. lt was a stimulating environment;
everybody was contributing to developing and
applying modern meteorology and climatology
based on physical and statistical models using
satellite data and more powerful computers.
I was mainly interested in monthly forecasting,
which was prepared subjectively, usingbesides statistical information-land-surfaceocean-temperature and snow- and ice-cover
anomalies.

H. T. -Your activities were many and
varied at that time, I believe?

J.A. -In November 1960, the Mexican Geophysical Union was founded, of which I was
appointed the first president. In 1961, we
launched the quarterly journal Geoffsica lnternacional, and I became its first co-editor, together with M. Maldonado-Koerdell. My main
research work at that time consisted in finding
a physical explanation for the hemispheric zonally averaged temperature. In the model arrived
at, I used a Defant-type of Austausch coefficient for the turbulent transport of heat. This
work was presented at the IUGG General
Assembly in Helsinki, 1960, and was published
in Te//us in 1962. I believe it was the first of
the energy- balance models.

H. T. -At which point did you return to the
USA?
J.A. - In 1961, Namias was invited by the Institute of Geophysics as visiting professor to give
a two-month course and we enjoyed fruitful discussions. He read the manuscript related to my
zonally average model, suggested that it could
have potential in long-range prediction, and
invited me to spend a sabbatical year during
1963 in the Extended Forecast Division which
he headed in Washington. After a year, I returned
to Mexico, where, at the end of 1965, I finished
rny first six-year term as director. During 1964
and 1965, nevertheless, the research in the
Extended Forecast Division that I started was
not interrupted; I continued to supervise it in the
capacity of consultant, and travelled frequently
to Washington in the process.

H. T. -You didn't stay in Mexico for long,
however?
J.A. -Although I was eligible for one rnore sixyear period as director, at the end of 1965,
Namias invited me to return to Washington and
devote rnyself full-time to the research that I had

H. T. - Perhaps you could tell us something about your work on a time-averaged
thermodynamic model.

J.A. -Ever since I started to work with this
group, I had the intention of developing a model
that could incorporate the information which
was available and already being used in a subjective way. The basis of this time-averaged
long-range prediction model was my previous
work on a zonally averaged energy-balance
model. We decided to develop a hemispheric
model, using the NMC grid abridged to 512
grid points. The model consists of an atmospheric layer about 10 km thick, including a
cloud layer; an oceanic layer 50 m deep; and a
continental layer of negligible depth. The basic
prediction equation is that for the conservation
of thermal energy, which, when applied to the
atmospheric layer and to the ocean (or continent) layer, yields two equations that contain

9
10
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the mean tropospheric temperature, the ocean
surface and continental ground temperatures,
and the heating and transport terms as variables. The other conservation laws are used
diagnostically, together with semi-empirical relations, to parameterize the heating and transport components. I had the benefit of lengthy
discussions with Namias, Clapp and many
others as well as the support of the group to
prepare the data and the parameterizations
required by the model.
H. T. - How does the model work?
J.A. - The procedure used in the computations
is to compute first the normal values for a particular month with the use of the initial observed
normal values for the previous month; then the
prediction of actual values for the month is
made from the observed values of the previous
month as initial conditions.

Julian Adem (middle row.fourthfi·om

l~fi)

The predicted anomalies are obtained by
subtracting the normals computed for the
given month from the actual computed values.
The initial variables are: (a) the ocean surface
temperature in the previous month; (b) the 700
hPa temperature in the previous month; (c) the
albedo based on snow and ice distribution in
the last week of the previous month.
The model was run on a real-time basis
and used in the preparation of monthly predictions. Several papers were published on the
evaluation of the results, as well as on the parameterizations and data used. Since then, the
model has been used and improved by other
groups, especially W. Donn and collaborators,
at the Lamont Geological Observatory of
Columbia University, by scientists of the former
USSR, and, of course, by my group in Mexico.

H. T. - Why did you finally leave the USA
and return to Mexico?

was chief of a scientific expedition to Socorro Island (Mexico) in January 1958
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J.A. - I was offered once again the position of
director of the Institute of Geophysics, which
I accepted. I thought this was an excellent
opportunity to use my experience to help in the
development of geophysics in Mexico and, in
particular, the atmospheric sciences.

H. T. -The scientific problems you tackled in Mexico were mainly of what nature?
J.A. -They were mainly atmospheric problems. My return coincided with the establishment of the National Council for Science and
Technology, where I headed a national programme aimed at improving the status of
meteorology in Mexico, and the modernization
of the Meteorological Service in particular. All
the institutions dealing with meteorology were
concerned. The atmospheric sciences group in
the Institute of Geophysics had expanded,
because when the UNESCO lnstituto de Ciencia Aplicada initiated by C.C. Wallen in 1954,
was closed in 1962, it had absorbed most of
the staff. Furthermore, several young people
who had been prepared by us, or elsewhere,
joined the group.

H. T. - I think 1977 can be considered as
an important year in your career ....
J.A. -That is absolutely right. In the middle of
1976, I submitted to the University authorities
a project to create the Centre of Atmospheric
Sciences. lt was approved in February 1977
and I was appointed director.

H. T. - Please describe the centre and its
activities.
J.A. -The Centre started with the sections
for atmospheric sciences, air pollution, and
meteorological instrumentation of the Geophysical Institute. lt was conceived as an
interdisciplinary institution, comprising three
departments. One deals with the theory of climate and prediction, where we develop and
apply numerical models for climate studies and
short- and long-range weather prediction. We
give full support to the Meteorological Service,
which has already adopted two of our numerical models-one barotropic and the other
baroclinic-for use in the preparation of daily
weather predictions. The second department
deals with environmental studies, mainly the

problem of air pollution, in an interdisciplinary
way. lt includes the physical, chemical and biological aspects, with special emphasis on the
air-pollution problem of Mexico City. This department also supports the appropriate governmental institutions. The third department is
concerned with general, synoptic and tropical
meteorology, atmospheric electricity, cloud
physics and urban meteorology.The Centre
also has an Instrument Laboratory, that deals
with the maintenance of the equipment as well
as the design of new instruments. At present,
the Centre has a total of 28 researchers and
43 technicians.

H. T. - Do you consider your scientific work
in the field of climate and climate modelling as purely theoretical or practical?
J.A. - I consider it as being combination of the
two. When you deal with problems and topics
related to the climate, its variations and consequences, you need a continuous and viable data
source. A theoretical model has to be tested to
see how realistic it is. The ideal set-up is a
place where specialists from both fields work
together-as was the case when I worked in
Washington with Namias and his group.

H. T. - What parameters do you take into
consideration in climate modelling?
J.A. -The models include monthly timeaveraged variables: mean tropospheric temperature, ocean-surface temperature, continental
ground temperature, tropospheric wind, oceansurface currents, the horizontal extent of
cloudiness and surface albedo, which is computed coupling the boundary of snow and ice
cover with the zero Celsius degree isotherm.
Present monthly insolation is used. In the
experiments of simulating past and future climates we use the monthly insolation anomalies
due to the orbital variation, computed by
A. Berger.

H. T. - Which do you consider to be the
most important parameters?
J.A. -The importance of the variables and
parameters depends on the type of experiment:
for example, the carbon dioxide atmospheric
content is the most important parameter when
simulating the effect of an increase of this
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greenhouse gas on climate. I consider the
most important variables to be tropospheric
temperature and ocean-surface and continental
ground temperatures.

H. T. - Which satellite observations do you
consider necessary for the predictions of
monthly and seasonal climate variations?
J.A. - I consider those to be snow and ice
cover, and sea-surface temperature anomalies.

H. T. - How close are your results of
climate predictions by numerical models
to the actual changes?
J.A. -We have carried out predictions for
periods of a month only. The results show
good skill in the predictions of surface-temperature anomalies. Several papers have been
published on the subject. The most complete
verification for about 100 predictions over the
contiguous USA was published in 1986, by
W. Donn, R. Goldberg and myself, in the Bulletin
of the American Meteorological Society.

H. T. - How do you rate the results of the
experiments you have carried out on
ocean-temperature predictions using a
thermodynamic climate model.
J.A. -The experiments on temperature predictions in the oceans have shown consistently
good skill in the Pacific and Atlantic Oceans, as
was reported in Tel/us in 1975. Recent experiments at the Centre of Atmospheric Sciences
with revised models have shown improvements,
and give us the possibility of carrying out higherresolution predictions in the Gulf of Mexico.

H. T. -You have also conducted a number
of experiments, using a thermodynamic
model with the impact of an increase in
atmospheric C02 ?
J.A. - R. Garduno and I have been carrying out
experiments on the climatic effect of doubling
the atmospheric C0 2 • We found that the feedback effects due to water vapour, clouds, and
snow and ice are a significant influence on the
results, which depend on the parameterization
of these mechanisms. In particular, we found
that the water-vapour band in the wave-length
from 12 to 19 ~m, in which the C0 2 and H20

interact, has an important role in the results,
increasing considerably the simulated temperature, when the H20 is not included. This could
partly explain the large discrepancies in the
results obtained by different authors. We are
continuing to work on this important aspect.

H. T. -You carried out a numerical simulation of the climate of 18 000 years ago.
How close did you come to the actual case?
J.A. - The simulated northern hemisphere surface temperatures over the continents were
compared with temperatures in several localities, based on an analysis of fossil pollen and
other periglacial evidence. I obtained a good
overall agreement.

H. T. -You concluded a numerical simulation of the sea-surface temperature for
the same period. What did you find?
J.A. - I also found a generally good agreement with the northern hemisphere surface
temperatures estimated from analyses of the
bottom-sea cores by CLIMAP. The colder-thanpresent temperatures simulated by the model,
which were mainly a result of the continental
ice sheets that existed at that time, were
slightly reinforced because there was less carbon dioxide then than now. Furthermore, the
orbital vibration had only a relatively small seasonal effect in the simulated temperatures.

H. T. - Please explain the effect of orbital
variations on the climate.
J.A. -The changes in the insolation received
by the Earth are associated with variations in
its circumsolar orbit, which are defined by
three parameters: the tilt of the Earth's axis to
the plane of the ecliptic or obliquity; the longitude of the perihelion, which is measured as
the angular distance of perihelion from the
autumnal equinox, and defines the season in
which the Earth makes its closest approach to
the Sun; and the eccentricity which is the measure of the Sun's departure from the geometric
centre of the Earth's orbit. The three orbital
parameters at any past or future time can be
computed from the equations of planetary
mechanics.
Since Adhemar first proposed in 1884 an
astronomical explanation for the ice ages,
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research to find a sound physical basis for
relating changes in the Earth's orbit with the
climate changes has increased.
In 1920, Milankovitch computed for the
first time the variations of the radiation
received on a horizontal surface at the top of
the atmosphere at any latitude. Later, in
1938, he correlated these insolation variations with climate changes in the Pleistocene
and found some similarities between the
changes in radiation and those in the geological record available for that time.
In 1978, Berger published monthly values
of insolation making it possible to introduce
the monthly and seasonal variations of the
orbital insolation changes in the models' simulations. Several papers supporting the astronomical theory of climate change started to

appear in the 1970s, and several climate
models have been successful in simulating
the gross glacial-interglacial climate changes,
using orbital insolation forcing.

H. T. - Have you published anything on
this subject, yourself?

J.A.- Starting in 1981, I have published a
series of papers on simulations using a
coupled atmosphere-ocean thermodynamic
climate model, in which, since 1985, the
ocean-surface temperature is included as a
variable, as well as the snow-ice boundary.
The experiments included simulations of the
climates from 18 000 years ago to the
present-! have already mentioned some of
the results.

Prof. Adem received the degree Doctor honoris causa from the University of Veracruz, his home State,
on 12 November 1993
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H. T. - One of your recent papers was
entitled "On the effect of the orbital
variations in the climates of the next
4 000 years". Can you expand on this?

normal in Mexico to provide a person with
all the facilities he requires to carry on
scientific work ?

J.A. -1 presented this paper last spring to the
XVIII General Assembly of the European Geophysical Society in Wiesbaden, Germany, and
only a summary of the results has been published. lt is shown that, in the northern hemisphere, because of the orbital variations, there
is a seasonal climate change. For example,
4 000 years after present, the average surface
temperature in the continents will be warmer
than today from March to July and colder from
August to February, with the largest average
values of l.WC and -1.4 OC in May and October, respectively. The anomalies increase quasilinearly toward the lower latitudes, with values
which vary from 3.0°C to -2SC in some continental areas below the 20olatitude. Furthermore, the numerical simulation shows that, in
the climates of the next 4 000 years, due to
the effect of the orbital variations, springs and
summers will be increasingly drier and autumns
and winters wetter than at present.

H. T. - Have you carried out any experiments on the causes of drought?

J.A. - Recent experiments on monthly prediction with the thermodynamic model have shown
that warmer-than-normal ocean-surface temperatures in the Pacific Ocean and the Gulf of Mexico, in the regions contiguous to Mexico, often
yield a precipitation prediction with belownormal values in this country. This suggests
that this type of ocean-surface temperature
anomaly could possibly produce a drought condition which could be predicted with the use of
a model.
H. T. -Have you had any working contacts
with the United Nations Environment
Programme?

J.A. - I have participated in several workshops
and meetings of the UNEP programmes on
desertification and monitoring of climate data.

H. T. - You have spent virtually all your
working life at the University of Mexico
and almost 10 years as director of the
Centre of Atmospheric Sciences. Is it

J.A. -Yes, this is normal in all the research
institutes and centres of the National Autonomous University of Mexico, as well as in other
research institutions. I have all the tools and
means at my disposal to conduct my research
the way I wish and, moreover, I have been
lucky to work in an inspiring environment with
excellent collaborators-eight at the moment.
I have certainly no reason to complain.

H. T. -You have published more than 100
papers which have been referred to in
research work all around the world. Are
you satisfied with what you have
achieved?
J.A. - I feel extremely satisfied. Perhaps my
greatest satisfaction has been that I have been
able to carry on scientific work during all my
professional life and obtain positive scientific
results. I have also had the opportunity to hand
over the results of my work to young people
and guide them through their work.
H. T. -How many foreign universities and
research institutions have you visited as
an invited lecturer? Do you have many
scientific contacts with other universities
of Latin America?

J.A. - I have been to about 20 universities
and institutions as visiting lecturer but, except
for the University of Buenos Aires, in Argentina,
I have almost no scientific contacts with other
Latin American universities.

H. T. - You have been given many awards
and distinctions. Which one do you value
the most?
J.A. -The distinction I value most is to have
been elected a member of El Co/egio Nacional.
This is the highest academic honour given in
Mexico to men and women in the arts, humanities and sciences.

H. T. -Tell us about your scientific journal
Atm6sfera.

J.A. - In 1987, my wife, Thelma, and I discussed the possibility of editing an international
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originality and correct presentation
of the papers, the
authors, who are
from all over the
world, are subject
to a strict review
process.
H. T. -What are
your plans for
the future?

J.A. - My last
period as director ends on 24
November 1993,
so I will be able
to devote more
time to research.
I will also continue lecturing
and directing
Mexico, October 1993- Julian and Thelma Adem
doctoral theses,
Photo: J-1. Taba
and, of course,
I will continue as
journal. She had many years of experience in
editor of Atm6sfera. I enjoy all these activithe preparation of the quarterly journal Geoties immensely and intend to carry on workf(sica lnternacional and became technical ediing as long as possible .
tor of the new journal Atm6sfera. Since we
wanted a quality journal, we invited top international scientists to serve on the editorial board.
The first issue appeared on 1 April 1988 and
has since appeared on time every three
months. lt carries papers of theoretical, empiH. T. - I congratulate you, Prof. Adem, on
rical and applied research into all aspects of the your scientific achievements, including
atmospheric sciences. In order to ensure the
those which, I am sure, are yet to come.
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Dr Roman L. Kintanar

Dr Taba, who is a self-confessed, long-time
admirer of Dr Kintanar says:
People who meet Or Kintanar for the first time
perceive him as a shy, good, kind and humane
man. He does not seem to be an image builder;
he prefers to keep a low profile. He is approachable, always smiling, greeting everybody politely,
at ease with every category of person and rarefy
becomes annoyed. When asked for advice, he
is always willing to impart his knowledge the
best he can. Those who have worked with him
say he is considerate and compassionate.
This gentle appearance belies an indefatigable
worker, who commands the respect of his
friends and colleagues. He is an excellent leader,
capable of describing complex problems in elementary terms. He can preside a difficult meeting with complete control and remains cool even
under great pressure-indeed, the tougher the
situation, the more relaxed he becomes. When
he retires this year, at the age of 65, he will
have a record of 46 years in government service, of which 35 were as the leader of meteorology in his country. In brief, Kintanar's name is
synonymous with the development of meteorology and atmospheric sciences in the Philippines.

Dr R. L. Kintanar in a session of the Scientific and Technical Committee of the IDNDR, New Delhi, 1993

Roman Kintanar was born in Cebu City in 1929.
He obtained a B.S. in physics in 1951 from the
University of the Philippines. He was awarded a
Fufbright Smith Mundt scholarship by the US
Educational Foundation and subsequently acquired
an M.A. in physics (1955) and a doctorate from
the University of Texas (1958).

1924, Fr. Miguel Selga was designated director.
He was followed by Maxima Lachica, who held
this position from 1942 to 1945. Or Casimo
del Rosario of the University of the Philippines,
who succeeded Mr Lachica, retired on 31 July
1958. The day after, the new Director, Kintanar, took over.

When he was appointed Chief of the Weather
Bureau in the Philippines in 1958, he was the
youngest-ever director of a government bureau,
a distinction he holds to this day. For more than
three and a half decades, he has steered the
Bureau to become what it is now known as the
Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA).

During the years that ensued, many noteworthy
achievements and development programmes
were realized (to mention but a few): independent meteorological communications and a
flood forecasting system were set up; weather
suNeillance radars and satellite APT were installed;
Manila was designated as the seat of the joint
ESCAP/WMO Typhoon Committee; the South
Asia Association for Seismology and Earthquake Engineering was founded; the Weather
Bureau was computerized; and an independent
PAGASA radio station was launched.

it might be of interest to mention briefly Kintanar's predecessors in the Weather Bureau: Fr.
Francisco Cofina, SJ, professor of mathematics
started the observations of weather elements in
1865 and founded the Manila Observatory. Fr.
Federico Faura, SJ, was designated first director of the Manila Observatory in 1867. He issued
the first typhoon warnings in the Philippines and
the Far East in 1879. In 1884, the Observatory
was officially recognized as a government agency.
In 1901, the Observatory was re-organized and
became the official Weather Bureau of the Philippines with Fr. Jose A/gue,SJ,as its director. In

One of Kintanar's most important achievements
in the advancement of meteorology was his
initiative to establish a Department of Meteorology at the University of the Philippines. Carried
out under UNDP/WMO assistance, the project
resulted in a sudden increase in the number of
M.Scs. and Ph.Ds. and also equipped PAGASA
with its first electronic computer.

291

Kintanar's contributions to typhoon research
activities and related problems deserve the
highest praise. it was in November 1970, while
he was attending a Typhoon Committee meeting in Bangkok, that Manila and central Luzon
were devastated by typhoon Yoling. Dismayed
by the massive destruction, Kintanar drafted a
resolution which was presented to the United
Nations and later became the basis of WMO
action and the establishment of its Tropical
Cyclone Programme.

R.L.K. -At the age of six, I started at Mabolo
Elementary School, which was just a fiveminute walk from where we lived in Argao. The
year I started at Cebu Provincial High School in
Cebu City, World War 11 broke out, and the
family had to move back to Argao, which was
fortunate, because Cebu City was bombed by
the Japanese. The school was re-located to
Argao and, three years later, I was able to start
studying again.

In the international arena, Kintanar gained stature
and recognition through his excellent technical
and administrative knowledge and strong
personality. He became Third Vice-President of
WMO in 1978 and, a year later, was elected
President-a post he held for eight years.

H. T. -You went on to obtain a B.S., an
M.A. and a Ph.D.
R.L.K. -After high school, I passed an examination to enter the Philippine Military Academy
and went to Manila but, a month later, a medical examination revealed a heart condition, and
I had to leave. I enrolled at the University of the
Philippines to study physics. When I obtained
my B.S. in 1951, I had the luck to be awarded
a Fulbright scholarship to do postgraduate
studies in the USA. I chose the University of
Texas, partly because of the glamour of the
cowboys but also because of the weather,
which I thought would not be a total change
from that of the Philippines. I obtained my M.A.
in 1955 and returned to the Philippines. The
University of Texas convinced me, however,
that I should continue my studies and, in 1956,
I went back. Once again, I had a scholarship;
I could not have gone otherwise, because my
salary was needed to take care of my brothers
and sisters who were still at school. I graduated in the spring of 1958.

As its chairman since 1978, Kintanar has steered
the WMO EC Panel of Experts on Education and
Training to the prestigious position it now enjoys.
Kintanar has authored or co-authored many scientific papers and has received several awards.
In 1981, he received the Public Service Award
from the Office of the President of the Philippines. In 1982, he received the Distinguished
Alumni Award and, on 5 July 1988, the Sasakawa/UNDRO Disaster Prevention Award was
bestowed on him. On 23 March 1990, during a
ceremony in Geneva, Kintanar was awarded a
plaque of recognition for his valuable exemplary service to WMO.

This interview took place in Geneva in
November 1993, during a meeting of the
Executive Council Panel of Experts on Education and Training.

H. T. - Please start this interview by telling us the date and place of your birth,
some information about your parents, and
the early days of your life.
R.L.K. - I was born on 13 June 1929 in Cebu
City, central Philippines. I was the fifth child
and second son of Agustin and Pureza Kintanar
and had five brothers and six sisters. My father
was a lawyer. He was also a politician in our
home town of Argao, some 65 km south of
Cebu City, during the period of the Philippine
Commonwealth in 1935, and a member of the
house of representatives of the Philippine Congress. That was probably why none of his children wanted to enter politics. I had a happy
childhood; there were so many of us and we
always had friends around.
H. T. - What about your primary and
secondary schooling?

H. T. -You worked for the Philippine
Weather Bureau before you went to the
USA?
R.L.K. -After my first year at university, in
1948, when I was 19 years old, my older sister
suggested that I might be able to work at the
Weather Bureau during the summer. I applied
and was given a part-time job as weather and
seismological observer. I continued upon my
return to university, where there was a small
meteorological station. Although I was only
paid half a salary, I was proud to have a job.
H. T. - What other positions did you
occupy in the Weather Bureau?
R.L.K. -After six months part-time, my job
was made full-time. In addition to my duties as
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Bureau, I was appointed Director by the President of the Philippines, Carlos Garcia. My great
advantage over the other candidates, who were
all 10-20 years older than I, was that I was the
only one with higher university qualifications.

observer, I was assistant for two years to the
Head of the Geology Department of the University. Dr Feliciano had won a reputation in science and !learned a great deal of Earth science
from him. At that time, the Weather Bureau
established a seismological observatory near
the university, where I was finally assigned.
I was already conversant with astronomy
because the observatory where I had worked
was also an astronomical observatory of the
Weather Bureau. After my graduation in 1951,
I was promoted to Assistant Geophysicist to the
Chief of Division and, for two years, until 1953,
I also taught part-time at Adamson University.

H. T. - What can you tell us about the
structure of the Weather Bureau in those
days?

H. T. -You mentioned earlier that you won
a Fulbright scholarship. How did that
come about?
R.L.K.- I applied for the scholarship in 1953,
partly because of my brother, who was already
in the USA as a Fulbright-Smithmunde scholar in
economics at Yale. He bribed me into taking the
examination, by promising me a 22-calibre rifle,
which, of course, was irresistible and so, of
course, I took the examination. One day, while
on a field assignment at Taal volcano in Batangas, I was in a small boat, taking temperature
measurements of the lake water, when a colleague called me back to shore. !learned the
exciting news that I had passed the examination
and been awarded a Fulbright scholarship.
H. T. -Tell us about your appointment as
the Director of the Philippine Weather
Bureau when you were only about 29
years old.
R.L.K. - My girlfriend-who later became Mrs
Kintanar-wrote to me in the spring of 1958
that the Director of the Weather Bureau, Dr del
Rosario, was being promoted to vice-chairman
of the new National Science Development
Board (NSDB). If I wanted to be considered for
the directorship, she said, I should be in the
Philippines in June, so I made arrangements to
go home. My graduation ceremony consisted of
going to the store which rented the gowns,
putting one on, looking at myself in the mirror
and giving it back. As expected, Dr del Rosario
was transferred to the NSDB and the Directorship became vacant. At the end of July 1958,
just a month after my 29th birthday, and almost
10 years after I had first started work at the

R.L.K. -As the Philippines was a colony of the
USA, we tended to follow the American way of
doing things. Our Weather Bureau fell under the
jurisdiction of the Department of Commerce, as
in the USA. it was a simple organization with
three major divisions: meteorology; geophysics,
which dealt with earthquakes and volcanoes;
and astronomy. The three division chiefs were
next in rank to the Director. At the time of my .
appointment, we had a reasonable budget and
a staff of 270, who took care of all the work,
including field observations. The Bureau was reorganized over the years and, in 1972, was
renamed the Philippine Atmospheric Geophysical Astronomical Services Administration
(PAGASA), indicating the scope of our work. By
then we already had about 2 000 staff and a
budget which was many times larger.
H. T. - What were your main preoccupations and priorities those days as regards
the activities of the Weather Bureau?
R.L.K. -Apart from reconstructing buildings
which had been destroyed in the Second World
War, one of the first areas I wanted to improve
was the physical facilities, especially instrumentation and communications at provincial stations. Observers' reports used to be sent
through the local telegraphic office but, because
the latter were closed in the afternoon and
evening, our observers sometimes had to travel
five kilometres to a telecommunications centre.
We were finally able to install single side-band
transmitters at our field stations so that we
could talk to each other, and the weather
reports were sent on time. Considering the
number of provincial stations and the minimum
number of people needed at each station, it
was immediately obvious that we needed to
increase our personnel. The authorities were
sympathetic and the funds we received were
enough to start rebuilding our facilities, buying
new equipment and recruiting more staff.
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H. T. -At what stage did you seek the
assistance of international organizations?

H. T. - Which personalities do you remember meeting in WMO circles in those early
days?

R.L.K. -In the early 1960s, we applied for WMO
assistance for a UNDP project for meteorological training. This project, which had a huge
budget-one million dollars-enabled PAGASA
to establish a Department of Meteorology in
the University of the Philippines and to run the
first-ever course in meteorology. An institute
for meteorological training within PAGASA was
also included. Today, we continue to reap the
benefits; PAGASA now has more than 30 staff
members who obtained master's degrees from
the University of the Philippines. The Department is now part of the Regional Meteorological Training Centre in our region and more than
20 students have obtained a Ph.D. Moreover,
three graduates of the University of the Philippines are now heads of the Meteorological
Service of their countries and Permanent Representatives with WMO.

R.L.K. -At a CAgM meeting in Canada in 1961,
I met Or P. D. McTaggart-Cowan 1, Director of the
Canadian Service, Jim Bruce 2 and Admiral Bunag,
Director of the Thai Meteorological Service. At
the 1961 Regional Association V session in
Noumea, I met Mr Andre Viaut3 of France, who
was President of the Organization, and Bill Gibbs4
of Australia, whom I respected enormously. We
became good friends. Bill Gibbs loved to go
sailing and he decided to recruit me-he was
the captain and I was the crew. While in Noumea,
I came to appreciate how far a Meteorological
Service can assist its country.
H. T. - You were vice-president and then
president of WMO Regional Association V
(South-West Pacific); please tell us about it.

H. T. -The relationship between the
University and PAGASA has always been
excellent. This is not the case in all developing countries-how do you explain it?
R.L.K. - I was always close to the University
of the Philippines. My father was elected "Father
of the year" during its golden jubilee celebration, because he and all his 12 children had
graduated from there. At one time, six of us
were faculty members and my older brother
became vice-president of the University. I was
able to convince the University authorities of
the necessity of having a meteorology course.
We had a programme of scholarships and
maintained a reasonable number of students;
PAGASA staff members with higher positions
were able to study part-time. The University
has even awarded a doctor of laws degree to
the Secretary-General of WMO, Prof. Obasi, for
his work in international meteorology. The
citation recognizes his role in establishing the
Meteorological Department.

R.L.K. - I was elected vice-president in 1961
at the Noumea meeting-the first RA V meeting I attended. I might have been elected president at the next RA V meeting (Wellington, New
Zealand, 1965) but funds to attend were not
available so I could not go. Mr K. Rajendram of
Singapore was elected president. I was again
elected vice-president in 1969 in Kuala Lumpur
and then, four years later, in Manila, I became
president of RA V and a member of EC. My
involvement in regional association matters
lasted until1977.
H. T. - Which was the first WMO Congress
you attended?
R.L.K. -That was Fourth Congress in 1963.
I had the opportunity to m'eet such famous
meteorologists as Academician E.K. Fedorov5
from the USSR, Or R. White 6 from the USA and

1
2

H. T. - When did you first come into
contact with WMO?
3

R.L.K. -My predecessor, Or del Rosario, was
an Executive Committee member and became
president of Regional Association V. I was designated Permanent Representative of the Philippines early in 1959.

4

5
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Interviewed in WMO Bulletin 33 (1)
Former Permanent Representative of Canada with
WMO; Director, WMO Technical Cooperation Department (1986-1988) and Acting Deputy SecretaryGeneral (1988-1989)
President of WMO, 1955-1963
Former Permanent Representative of Australia with
WMO; interviewed in WMO Bulletin 34 (3)
Former WMO Vice-President; interviewed in WMO
Bulletin 30 (4)
Former Permanent Representative of the USA with
WMO; interviewed WMO Bulletin 30 (1)

Geneva, May 1987- Dr Kintanar presides the opening ceremony of the Tenth World Meteorological Congress.
Photo: WMO!Bianco

Mr J Bessemoulin 7 from France. My participation consisted mostly of listening and being
impressed. I made only a few minor interventions but I did make sure that anything pertaining to the Philippines was right for the country.

H. T. -You took part in sessions of EC as
of 1974, when you became president of
RA V. What were your impressions?

R.L.K. -You can probably imagine how a
young fellow would have felt upon joining a
group of well-known names in the meteorological community. I especially recall how it felt to
see the representatives of rich countries and
heads of large organizations, while my country
was poor and my organization small. I did not
intervene unless I had something important to
say, which was probably why I was asked after
EC in 1974 to chair a working committee at
Congress the following year. lt was at that
meeting that I first met John Zillman 8 , from
Australia, who was substituting Bill Gibbs, and
Or Rudolf Czelnai9 of Hungary. The SecretaryGeneral, of course, was Or D. A. Davies 10 and
the Deputy Secretary-General was Mr R.
Schneiderll of Switzerland.

8

10
11

Interviewed in WMO Bulletin 31 (1)
Permanent Representative of Australia with WMO
and First Vice-President since 1987
Former Permanent Representative of Hungary
with WMO; president of RA VI (1975-1981);
Director of Scientific and Technical Programmes
of WMO (1981-1984); and Assistant SecretaryGeneral ofWMO (1985-1992)
Secretary-General of WMO, 1955-1979, later Sir
Arthur Davies; interviewed in WMO Bulletin 40 (1)
Deputy Secretary-General of WMO, 1975-1982

H. T. -When were you elected Third Vicepresident of the WMO and how long did
you remain in office?

R.L.K. -The first Vice-President, Mr A. P. Navai
of Iran, resigned from his post towards the end
of 1978 and the Organization proceeded to a
vote by correspondence, which was won by Yu.
lzrael of the USSR. lt was suggested that, if
I was going to stand for President at next Congress, it would be a good idea for me to run
for third Vice-President, which I did. I won the
election by correspondence in October 1978
and remained until Congress elected me President in 1979.
H. T. - Please tell us about your involvement in the ECAFE/WMO and ESCAP/
WMO Typhoon Committee.

R.L.K. -That is an activity in which I have
been consistently involved over a long time.
I am also coordinator of the Typhoon Committee Secretariat. Mr P.C. Tan, head of the Water
Resources Department of ECAFE, wanted the
countries affected by tropical cyclones to come
together and agree on a plan of action. I told
him I would be happy to participate and hosted
the first planning meeting in Manila in the mid1960s, which was attended by nine countries.
We decided we should organize a governmental
body whose main interest would be typhcJndamage mitigation. A mission was set up by
ECAFE and WMO to obtain the views of governments and it became quite clear that all the
countries concerned were interested in forming
an intergovernmental committee. That group,
which we now call the Typhoon Committee
(consisting of Cambodia, China, Hong Kong,
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Japan, the Republic of Korea, the Lao People's
Democratic Republic, the Philippines and
Thailand) held a meeting in Bangkok and
signed an agreement, under which the members undertook to carry out studies and action
to mitigate typhoon damage. Later on, we were
joined by Malaysia and Viet Nam and, more
recently, by North Korea and Macao. As a result
of the action of the Typhoon Committee, as well
as two destructive typhoons which hit Bangladesh and the Philippines in 1970, the UN General Assembly passed a resolution asking WMO
to organize action to mitigate damage from
tropical cyclones. WMO responded by establishing the Tropical Cyclone Programme.
H. T. - Why did you decide to give Filipino
names to typhoons?

R.L.K. - lt occurred to me during the RA V
meeting in Noumea in 1961 that typhoons in
the Philippines should be given Filipino names.
The names used until then had been American,
which meant that those affecting the Philippines could not be identified. Upon my return
home from that meeting we drew up a list of
Filipino names for Philippine typhoons.

Geneva, May 1979- Dr Kintanar at the time of his
election as President of WMO
Photo: WMO/Bianco

H. T. -What were your main reasons for
offering to host the ESCAP/WMO Typhoon
Committee Secretariat from Bangkok to
Manila?

R.L.K. -Originally, the Typhoon Committee
Secretariat was in Bangkok, because it was
under ECAFE. lt was felt, however, that if the
Secretariat was hosted by a member country,
rather than an agency, its members would
become more involved. Moreover, the Philippines has always wanted to maximize its participation in such activities. We thought it reasonable that the Philippine Government would
supply some of the amenities and support as
long as the headquarters were in Manila. Our
links with the Typhoon Committee became
stronger and we benefited from this.
H. T. - During your long career at PAGASA,
you witnessed many new technological
advances. How did you use these new
facilities?
R.L.K. - In meteorology, technology develops
so quickly that it is easy to get left behind, and it

isn't always possible to have immediately all the
new equipment and instruments. For example, it
was only in the early 1960s and through the
assistance of WMO, that we were able to
acquire a relatively large, modern computer.
We took advantage early on of the opportunity
to train our staff in computers.
We also capitalized on satellite meteorology. The Philippines is on the western side of
the north Pacific and the weather affecting it
and other eastern countries comes from the
east. Beyond the Philippines, however, there is
open ocean, with no islands and little shippinga data-sparse area. We used to tell the public
what we considered to be the direction of a
tropical cyclone, where it was going and where
it would be in 24 hours but, frankly, we weren't
even sure where it was. All this changed drastically with the advent of satellite technology; we
knew exactly where the cyclones were and the
prognoses after 24 hours.
We also opted quite early on to automate
our observations and have the data transmitted
to the data-processing centres. This was especially important for flood forecasting. Most of
our communications, transmission and editing
are now done with computer assistance and,
even though we are a small Meteorological Ser-
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vice, we make sure we can incorporate quickly
any major development.

H. T. - Please tell us about your weatherradar surveillance network and typhoon
research project.
R.L.K. - In the early 1960s, there was an urge
in the region to know more about typhoons. The
Typhoon Committee encouraged research and
proposed facilities. The outcome was that the
Philippines decided to find resources for the
establishment of a radar surveillance network
and, over the next few years, we were able to
procure equipment from Japan and the USA.
We had a network of nine radars, which, before
satellites, provided us with the best data on
typhoon tracking. Finding ourselves suddenly
with a great deal more data, we set up a rather
intensive and relatively large tropical cyclone
research department in PAGASA. We recruited
15-20 bright young people and we were
assisted by the NSDB. We carried out modelling
for typhoons as well as studies on frequency of
occurrence and associated precipitation and,
for a number of years, contributed new knowledge to the subject. PAGASA was able to
demonstrate what it can achieve and thus
secured its reputation among the Meteorological Services of the area as well as among
tropical meteorology research centres.

H. T. -You also established a flood forecasting and warning system; when was
that and what benefits have you drawn?
R.L.K. -In the 1970s, PAGASA became the
government agency responsible for flood forecasting. With the assistance of the Japan Ministry of Construction, we established a plan for
a model flood-forecasting system for the Pampanga River Basin, which was started in 1971
and completed in 1973. As chance would have
it, there was a large flood in the Philippines in
1972, which brought the attention of the Government to the importance of knowing which
areas were being affected and the possibility
of predicting flood levels. The Pampanga River
Basin flood-forecasting system received a
highly enthusiastic welcome from the Government, which henceforth gave its continuous
support to the establishment of other such
systems for the Bicol, Cagayan and Agno River
Basins-the three biggest after Pampanga. We
were also able to set up a flood-forecasting and
warning system for dam operations in Luzon.
The Government invested some US $60 or 70
million, which is not a small amount, considering that the country is not affluent. Without
question, however, a substantial amount has
already been recovered in terms of savings
and damage reduction. The Japanese authorities deserve a great deal of credit, because

Dr Kintanar with Dr Bill Gibbs in Melbourne, Australia
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they consistently backed us up. Ours was one
of the first such systems in South-East Asia
and, because of its success, a few others were
established later on, also with the cooperation
of the Japanese Government.

H.T.- PAGASA was expanded in 1974;
could you tell us about it?

R.L.K. - PAGASA met several challenges
which gave positive indications of its capability
and we thought that it might be possible to
expand. Our proposal, which was subsequently
approved, added two major organizational units
and authorized PAGASA to increase salaries
and benefits. it was also authorized to establish new posts to take care of new activities.
Coming during a period of severe economic
restraint, this was a big vote of confidence. it
also enabled us to step up our recruitment of
young people whom we immediately trained up
to cope with the new demands and requirements. We are still reaping the benefits from
this and, compared with other government
agencies, we have much less difficulty in
launching new projects and obtaining government support.
H. T. - I believe PAGASA has its own radio
station for dissemination of warnings?

R.L.K.- We began our own radio station-not
shortwave or closed circuit but a public, commercial type-because we wanted to expand
and improve information dissemination originating from PAGASA. For a while, the types of
programme were so mixed that it was hardly
recognizable as a weather station. Within the
last five or six years, however, it has become
exclusively a weather station. Of course, we
cooperate with the Department of Science and
Technology; we cannot fill up 24 hours of
broadcasting time with weather news, and
science information is also included. The main
objective is to provide weather news and it has
been so successful that other radio stations
use our reports, which are given, by meteorologists, every 30 minutes. Although the media
were cooperative before, PAGASA could not
convince stations to schedule the weather news
for a given time, and people could spend up to
20 minutes looking for a station giving a
weather bulletin. it is not a powerful station-it
serves the Manila area only-but has encour-

aged other radio stations to broadcast regular
weather news.

H. T. - Now that we are on this subject,
what about television?

R.L.K. -Television is today one of the major
partners of any Meteorological Service and, in
the Philippines, the television weather news was
popular for many years, because of one of our
meteorologists, Mr Amado Pineda, who was
recruited by a television station as weather-news
presenter. He was head of our tropical cyclone
division and the public considered that the
information he gave was the best available. The
station was most astute about the whole thing
and even gave instructions that he should not
attempt to improve his delivery (he stammered
and had a regional accent) to sound like a
professional TV announcer because, in so doing,
he would lose his credibility.
Mr Pineda became a well-known TV personality to the extent that, at meetings at PAGASA,
government officials would ask to have their
picture taken with him. We encouraged him to
preserve his reputation as a weather man and,
thanks to him, the public began to know more
about typhoons in particular and weather in
general. Although he has now retired from the
Service, he still analyses the weather on TV,
using data from PAGASA, and he continues to
use the phrase "this is the latest from PAGASA".
We are training other technical people for TV
now, who are also becoming personalities.
H. T. -What was your association with the
South-East Asia Association for Seismology and Earthquake Engineering?

R.L.K. - Seismology and earthquake warning
in the Philippines were the responsibility of the
Meteorological Service, as elsewhere in SouthEast Asia. it was consequently quite logical that
we should agree to establish an association in
South-East Asia for Seismology and Earthquake
Engineering (SEASEE). I was elected its first
president. We undertook a project for cataloguing historical earthquakes in South-East Asia,
which is still one of the most authoritative of its
kind. When we became affiliated with the
Association of South-East Asian Nations, the
title of the group was changed to Subcommittee on Meteorology and Geophysics under the
Committee on Science and Technology.
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H. T. -You were President of WMO from
1979 to 1987. If you were to write your
memoirs, which are the major issues you
would mention?
R.L.K. - I would probably want to mention the
dedicated people I have known in the Organization over the years. People from all over the
world who have offered their services and
worked hard in the various fields of activity of
WMO. I would also want to mention the growth in
mutual understanding between developing and
developed countries. In the early days, the
tendency was for the representatives of the
advanced countries to support action that was
perhaps more beneficial to them. The developing
countries, on the other hand, knew what they
wanted, but did not have the possibility of raising
the issue clearly. A principal interests during my
presidency was to help fill this gap. Advanced
countries are now aware of the implications of
their projects and activities in developing countries. WMO has made every effort to draw the
attention of developing nations to the significance of their contribution and they are now
better able to express their requirements. The
result has been a greater degree of cooperation.
One of the main roles of a United Nations
specialized agency is to encourage advanced
countries to provide technical expertise and
financial assistance to developing countries; in
this respect, WMO has set an excellent example.
H. T. -You have lectured at various universities in the Philippines and elsewhere.
How did you reconcile lecturing with your
other duties?
R.L.K. - lt was not as incompatible as it might
seem. In the Philippines, it is common for someone with a degree to do some teaching, and
lecturing on technical and scientific subjects.
As head of the Meteorological Service, it was
considered part of my duties. For the first 15
years after my doctorate, I taught advanced
physics in the evenings after office hours as a
means of improving national science education. I only stopped when the load became too
heavy and I felt I had already made an adequate contribution. In other countries, I have
lectured in conjunction with my travels abroad.
H. T. -You have been working for 46
years and, what is most exceptional, is the
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Dr Kintanar's likeness in oils (1987); each ontgoing
President of WMO tmditionally has his portrait painted.

fact that you have remained in the same
office. What are your feelings aboutthis?

R.L.K. - I feel happy, because it demonstrates
my loyalty to my work. In meteorology, something is always happening and events are never
the same-no two typhoons are ever alike.
I have never been bored and never saw any
reason to look for another job. I perceived my
work as meaningful and useful, not only to my
family but to the people of the Philippines and
the world at large. The international context
made me value it even more. I look back with
pleasure at what I have achieved.
H. T. - If you had to start your career all
over again, what would you do differently?
R.L.K.- In general, I have no regrets. I have
been pleased with developments, although
these weren't always planned-even my involvement in WMO was not planned, it just happened
that way. I might change minor aspects of my
career, but not the important ones.
H. T. -You have received several awards
and recognitions. Which do you value most?

R.L.K. -The awards from the staff of PAGASA,
such as those to commemorate my 25th, 30th
and 35th anniversaries as head of the office,
are the source of greatest satisfaction and
value to me. They come from the people I have
worked with for a long time and I know they
are sincere, not just afterthoughts or whims.
For almost the same reason, I value the plaque
of recognition given me by WMO on the occasion of its 40th anniversary celebration,
together with another former President, Dr Alf
Nyberg, the former Secretary-General, Sir
Arthur Davies, and the longest serving WMO
staff member, Miss lngeborg Holder. While my
personal satisfaction was great, the fact that I
was given this recognition by an international
organization of such renown also had an impact
on my standing at home.

H.T.- My last question. Could you tell us
about one of the most unforgettable events
of your professional life?
R.L.K. - One occasion had a great impact on
my career and on the Philippine Meteorological
Service and its development. In the 1970s,
I was invited to a cabinet meeting called by the
President of the Philippines, Ferdinand Marcos,
to supply technical information for the evaluation of a flood event. I was a minor official,
compared with the other participants. The
President asked what could be expected to
happen and I gave the prognosis for the next
couple of days, including when the rains would
abate. Fortunately, my forecast was correct,
and the President was so impressed with
PAGASP\s capability that he gave instructions

Dr Kintanar was invited to a special ceremony in Geneva in 1990 to launch the WMO book Forty Years of Progress and
Achievement as part of the WMO fortieth anniversary celebrations
Photo: WMO/Bianco
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to the appropriate cabinet members that they
should discuss with me some of the projects
that we had been planning. That is how flood
forecasting got off the ground in the Philippines. The event was broadcast on television
and my own personal prestige as well as that
of PAGASA received a tremendous boost. lt
also provided the basis for the presidential
decree which expanded the organization. We

could not have been more lucky-the President
simply asked for a forecast and I made it.

H. T. -Thank you, Dr Kintanar, for sharing
with our readers your many varied and
interesting experiences in your long and
distinguished career in international
meteorology.
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Dr Mostafa K. Tolba

The protection and improvement of the human
environment is {sic] a major issue which affects
the well-being of people and economic development throughout the world; it is the urgent
desire of the people of the whole world and the
duty of all Governments.

The above is an extract from the Declaration of the United Nations Conference on the
Human Environment, held in Stockholm from 6
to 16 June 1972, and attended by representatives of 113 States and 13 UN organizations,
as well as observers from numerous intergovernmental and non-governmental international
organizations. The Egyptian delegation consisted of 14 scientists, experts and diplomats
and was headed by Or Mostafa Kamal Tolba,
our interviewee in this issue.
The Conference adopted 109 recommendations-its "Action Plan"-including two on
institutional and financial arrangements. These

Dr Tolba in Nairobi, in 1992, shortly before he retired as
Executive Director of the United Nations Environment
Programme

recommendations were considered by the 27th
UN General Assembly, and the United Nations
Environment Programme was subsequently
established in 1973, with Maurice Strong1 as
its Executive Director and Mostafa Tolba its
Deputy Executive Director. About one quarter
of the recommendations were of direct concern to WMO and formed the foundation of a
close and solid collaborative relationship between
the two organizations.
Mostafa Talba was born on 8 December
1922 at Zifta in the Nile delta. He graduated in
1943 with a special B.Sc. in botany with first
class honours from Cairo University. In 1949
he obtained a Ph. D. degree in plant pathology
from Imperial College, London. From 1949 to
1959, he lectured in botany at Cairo University's Faculty of Science, where he was subsequently appointed Assistant Professor and
Professor. He also served as Professor of
Botany at Baghdad University.
In the government hierarchy, Or Talba
became Secretary-General, Supreme Science
Council of Egypt in 1961, Under-Secretary of
State for Higher Education in 1965 and Minister
of Youth in 1971, before reaching the prestigious position of President of the Egyptian
Academy of Scientific Research and Technology
in 19 71. During this entire period, he maintained his relationship with the academic
community.
In 1975, the United Nations General Assembly elected him Executive Director of UNEP
with the rank of Under-Secretary-General of the
United Nations, a position he held for 17 years.
As an experienced scientist (his knowledge of
botany and microbiology proved invaluable),
skilled leader and diplomat, he brought the environment to the forefront of global thinking and
action. He made UNEP a core organization,
functioning as a catalyst to inform, assist and
spur interest and action all over the world at
all levels and in all sectors.
1

Photo: David Coulson, Nairobi
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Mr Strong made a statement in Environment and
Development-World Leaders' Viewpoints (WMONo. 772), p. XV.

Already, during the Stockholm Conference,
when most developing countries believed that
elaborate pollution controls constituted impediments to their development plans, Or Talba saw
that there was no irreconcilable conflict between
concern for the environment and development.
Now, more than 20 years later, leaders from
developing countries are more vociferous about
the need for environmenta/ly sound and sustainable development than their counterparts from
advanced nations. He is an ardent supporter
and promoter of the philosophy of environmentally sound development- what he calls "development without destruction".
Or Talba has trave/led widely, carrying the
environmental message to scientists, industrialists, politicians, religious leaders, women's
groups and youth organizations. These and
other efforts undertaken by UN£P, in collaboration with the appropriate agencies, have succeeded in convincing the world that the pollution of the environment and the destruction of
renewable resources are unacceptable.
One of his major achievements was the
Vienna Convention for the Protection of the Ozone
Layer. Another was to convince governments to
adopt the Montreal Protocol and its amendments
for protection of the ozone layer (making skilful
use of the scientific assessments provided by WMO
on the state of the ozone layer), which is considered to be the first formal international act
for protecting the global environment. He subsequently played a decisive role in formulating other
legally binding agreements aiming at improving
the environment: the Convention of Transboundary Movements of Hazardous Waste and their
Disposal (Base/ Convention) and the Convention
on Biodiversity.
Or Talba was we /I placed to appreciate the
importance of education in protecting the environment. In a joint programme with UNESCO,
involving 150 countries and more than 10 000
educators, UN£P helped many countries to formulate environmental education curricula, from
primary school to tertiary level.
Or Talba has always emphasized the links
between environment and politics:
Environmental decisions are inseparable from
political decisions. I have always believed that
common environmental interest should be able
to override political differences, even conflicts
between nations. The environment- the Earth's
life support system-is now recognized as universal and indivisible. it knows no developed and
developing, East and West, North and South.

In 1986, he won an award from the United
States Centre for Dispute Resolution, which
praised, in particular, his work in bringing together
countries with common seas to adopt plans
for their environmenta/ly sound management.
Or Talba has published more than 100
papers on plant diseases, several booksDevelopment Without Destruction (1982); Earth
Matters (1983); Sustainable Development: Constraints and Opportunities (1987!; Global
Environment 1982-1992 (1992); Evolving
environmental perceptions (1988); Saving our
Planet (1992); and Commitment to the Future
(1992)-and has made some 600 statements
on the environment. He has won some 20
national and international prizes and honours
and received honorary degrees from various
universities around the world.
Or To/ba's term of office was a period of
fruitful collaboration between UN£P and WMO,
particularly in the field of ozone, climate change
and background air and sea pollution. Thus, it
is with great pleasure that the WMO Bulletin has
the opportunity to publish this interview, which
took place in Geneva in June 1994. Or Taba,
who has already had the pleasure of interviewing Or Tolba on two other occasions 2 , considers him to be extremely articulate, polite and
pleasant.

H. T. -To begin this interview, could you
please start with a few reminiscences about
your childhood and family background?
M.K. T. - I was born in a small town called
Zifta in the Nile delta but my family comes from
upper Egypt between Cairo and Aswan. Most
of my family were farmers, with the exception
of my father, who graduated from the Theological University at AI Azhar University and was a
schoolteacher. In fact, he taught me at primary
school, but he never asked me whether I was
doing my homework; he preferred to let me
decide what to do. As a result, my conscience
developed from an early age and this is probably why I tried to do more than was necessary
to prove to him that I was worthy of his trust.
H. T. -Your early environment had some
profound effects on you ?
2
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See WMO Bulletin 31 {2) and WMO Bulletin 35 {1).

M.K. T. - My father had some land in his native
village, which he rented out When I was only 13
years old, he asked me to collect the rents and
issue the receipts, since, as an only child, the
land would one day be mine and I should learn
how to look after it This was my first taste of
management training!
Something else I learned from watching
the farmers going out to the fields at daybreak
and coming back with the sheep and cattle at
sunset was that daytime was a time for working. I have never been able to sleep, even if
exhausted, until after the sun has set
H. T. - I understand you studied botany at
Cairo University somewhat inadvertently?
M.K. T. -After graduation from secondary
school in Cairo, I wanted to become an army
officer more than anything else. I had the support of my family, and passed all the tests and
interviews but found, to my dismay, that I was
one month too young to be accepted. Instead,
I decided to apply to the Faculty of Medicine,
but filled in the wrong application form and
found myself in the Faculty of Science, where
I studied botany, zoology, chemistry and physics,
graduating with a special degree in botany with
first-class honours. I became Assistant Lecturer,
did my Master's, then went on a scholarship to
Imperial College, London, where I did a doctorate in micro-organisms, microbiology and plant
pathology. I was 26 and a half years at that
time, having been delayed for three years during
the Second World War, when no scholarships
were awarded.
H. T.- Soon after obtaining your Ph.D., you
started a fruitful career, which lasted for
more than 20 years_
M.K. T. - lt was my professor in England and
my professor in Egypt who pushed me into
establishing a really good school of science of
microbiology at Cairo University. After my Ph.D.,
my professor in London, William Browen, said:
"Well, you are No. 7 or 8 of my students from
Egypt who, having proved themselves, go back
home, where, apparently, they sit in an easy
chair, read their newspaper, drink coffee and
are never heard of again. I hope you will break
that monotony." I wanted to prove that I was
worth his confidence and become a reasonably
good scientist. Back in Cairo my Egyptian

professor, Hussein Said, said: "If you spend six
months after returning without starting your
scientific research, you will rust and do nothing". Within a month of returning, he had me
supervising small scientific research projects.
During that period of 20 years or so, I had
some eight or nine students whom I taught as
undergraduates and supervised for their Master's degrees and Ph.Ds. Some of them are now
full professors, deans, vice-rectors and rectors
of universities. I am very proud of them. I also
published some 100 scientific papers in scientific journals all over the world, in the USA, the
Federal Republic of Germany, India, Iraq, the
United Kingdom and Sweden. During the years
1949 to 1973, I was heavily engaged in scientific research and I believe I established my
scientific reputation. I certainly consider it the
most productive period of my life.

H. T. - Tell us about the period when you
were professor at Baghdad University.
M.K. T. -I was seconded from Cairo University
to Baghdad University from 1954 to 1959,
which was a period of tremendous political turmoil in Baghdad and harsh political relations
between Egypt and Iraq. When I joined, Baghdad
University comprised a number of separate
faculties but during my stay, they established
the University as a full structure with a Department of Botany, of which I became the first
head. My major concern at that time was scientific research and I convinced the Government of Iraq to finance the establishment of a
fully fledged laboratory in microbiology. Of the
three demonstrators/assistant lecturers working with me for their Master's degree, one is
still at Baghdad University, the other is at Bahrain University and the third at Harvard. While in
Baghdad, I was still supervising my students at
Cairo University.
H. T. -You were appointed AssistantSecretary-General of the Supreme Science Council of Egypt In 1959. What did
this appointment consist of?
M.K. T. -The Government established a
Supreme Science Council, mandated with the
development and implementation of five-year
scientific research plans-what we now call
capacity building. This was a real breakthrough.
We established three large institutes-for eye,
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cancer and bilharziasis research (bilharziasis
has been a problem in Egypt for 5 000 years)
and arranged scholarships which took some
5 000 graduates to study for Master's or Ph .D.
degrees all over the globe, particularly the USA,
the United Kingdom and the USSR, to train in
areas where we lacked capacity in Egypt. A series
of research programmes was implemented
jointly by the University and the research institutes in the different ministries and those belonging to or under the supervision of the President
of the Supreme Science Council, such as the
National Research Centre and the Atomic Energy
Agency. The Science Council subsequently
became a ministry and then the Egyptian Academy of Scientific Research and Technology, but
the principle was the same.

H. T. -Did you continue with the same
work when you became Secretary-General ?
M.K. T. -While I was Secretary-General, the
Government decided to establish a Ministry of
Scientific Research and that is where I felt a
divergence of opinion between the Minister and
myself concerning the management of science.
My view was that the various scientific institutes
should be attached to the relevant ministries to
support their own research and the National
Research Centre would fill the gaps by concentrating on new topics such as biotechnology,
genetic engineering and biomedical activities.
The Minister, on the other hand, wanted everything to do with science under the Ministry.
I could not accept that and, at the end of two
years, I left.
H. T. -In 1963 you went to Washington
DC as Cultural Counsellor and Director,
Egyptian Education Bureau at the Egyptian Embassy. Was there a considerable
Egyptian student population in Washington
at that time ?
M.K. T. - In 1963, we had some 1 500 students
in the USA. That was at the time of President
Nasser3, whose socialist approach created
problems with the USA. The media were hostile
and were persuading our young people not to
3

go back to Egypt after their studies. My main
responsibility was to explain to them what was
actually happening at home and to try and convince them that their country needed their services. Fortunately, by the middle of the first
year, they started to go back. At the end of my
two years there, no fewer than 500/600 of
them had gone back.

H. T. -Two years later, you returned to
Egypt to take up the post of Under-Secretary of State for Higher Education.
M.K. T. - I was Under-Secretary of State for
Higher Education for five or six years. My job
was basically to continue to look after the students who were studying outside Egypt but I was
also responsible for foreign students studying
in Egypt and for cultural relations between
Egypt and other countries.
H.T. -In 1971 you became Minister of
Youth. What did your duties consist of?

M.K. T.- The Ministry of Youth was responsible for the mental and cultural education of the
young and their physical education, i.e. sport.
The Ministry of Youth worked with all the deputy
ministers and under-secretaries of all the other
ministries to ensure that a programme was
established and that each Ministry implemented
that programme in its particular field.
H. T. - I have noted that you maintained
contact with academic activities as well as
your position as professor at the University.
M.K. T. - I maintained my link with the University through my students. Whatever post I held
and wherever I was, I continued to supervise
their work: they would send me the results of
their experiments and I would go through their
analyses and interpretations and give them my
comments. When I became Minister and could
no longer be on loan from the University, I was
immediately appointed visiting professor and
as such I continued at the Academy and then
with UNEP for one or two years until my last
student finished his thesis.

Gamal Abdel Nasser (1918-19701 was a graduate of the Royal Military Academy. In 1952, he and a secret
revolutionary organization he had helped form, called the Free Officers, staged a successful coup d'etat. Nasser
subsequently headed the Revolutionary Command Council, taking the title of prime minister in 1954. He was
elected President in 1956. Under him, Egypt became an Islamic, Arab, welfare State with a one-party political
system. (Ed.).
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H. T.- The year 1972 was the beginning
of the second phase of your career. You
led the Egyptian delegation to the Stockholm Conference on the Human Environment. What was the composition of your
delegation and how did it compare with
other delegations?
M.K. T. -The Egyptian delegation, was quite
large-larger than most other delegations from
developing countries-with 14 top-level scientists, including one of the best geologists in
Egypt and maybe in the world, Dr Rushdy Said,
and the number one ecologist in Egypt, an arid
land ecologist, Prof. Kassas. The other members were of no lesser quality. We were a small
country but our delegation was extremely strong.
H. T. -You were elected Vice-President of
the Conference. Who was President and
who were the other key executives?
M.K. T. -The President of the Conference was
Mr Bengson, Sweden's Minister of Labour and
a foremost environmentalist. He subsequently
became Speaker of the Swedish Parliament. The
Secretary-General of the Conference was Maurice
Strong, who continues with the environment
movement to this day-it is in his blood. He
became the first Executive Director of UNEP,
then assumed responsibility in UNDP of the SudanoSahelian drought. In 1992, he was SecretaryGeneral of the Earth Summit in Rio. At Stockholm, he was assisted by a bright young man,
Michael Zammit Cutajar, who is now Executive
Secretary of the Intergovernmental Committee
on Climate Change. Another Vice-President was
Prof. Helena Benitez, a minister and senator in
the Philippines. She led a number of negotiations in a masterly way and remains as active
in the environment field as ever, even though
she must be over 70 years old, now.
H. T. -The Stockholm Conference was a
landmark. lt led to the creation of UNEP in
1973. What can you tell us about the context in which it was held?
M.K. T. -The conference was held at a time
when environmental protection was synonymous
with air and water pollution, particularly in the
developed countries of the north with their
rivers and lakes dying from acid rain and their
urban smogs. The developing countries were
reluctant to participate in anything relating to

the environment. They were concerned about
the needs of their own peoples-poverty, education, health and housing-and considered
that the issue of the environment was a ploy by
advanced countries to hinder their development.

H. T. - Developing countries and their
views were nonetheless fully represented ?
M.K. T.- Before the Conference, Strong invited
a number of top-level experts in their personal
capacity, whether they were ministers or working in the international community, to discuss
the relationship between environment and development, and that is when the links between
environmental protection and the continuation
of a process of development were clearly
established, together with the recognition that
the developing countries' problems-waterborne diseases, inadequate sanitation, bad
housing, etc.-could be resolved only through
a process of development that produces wealth.
There was therefore no conflict whatsoever
between continuous development and protection of the environment. it was obvious that the
developed countries were paying dearly for all
the mistakes they had made by not taking the
environment into account. That was the beginning of the understanding that environment and
development are not incompatible. The developing countries came in full force to the Conference and participated actively.
H. T. -Were there any particular problems?
M.K. T. -One of the most difficult issues was
the sovereignty of the State. Principle 21 of the
Stockholm Declaration stated that each country
had the right to use its national resources according to its own plans of development and environmental protection and in the meantime had
the responsibility not to damage neighbouring
countries by exercising these sovereign rights.
To put that into a language acceptable to 100
sensitive countries took six or seven days.
Another problem was that the German Democratic Republic was not allowed to attend. The
result was that not one eastern block country
participated.
H. T. - Were you appointed Executive
Director of UNEP at the time of its creation?
Who made the appointment?
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M.K.T. - I joined UNEP in May 1973, four and
a half months after it was established by the UN
General Assembly, as Deputy Executive Director, with the rank of Assistant Secretary-General
of the United Nations. The Deputy Executive
Director is appointed by the Secretary-General
upon the recommendation of the Executive
Director. The Executive Director, who has the
rank of Under-Secretary-General, is appointed
by the Secretary-General after being elected by
the General Assembly of the United Nations
upon the recommendation of the SecretaryGeneral. lt is the only election in the whole
United Nations, other than that of the Secretary-General himself. Maurice Strong left after
three years of his four-year term. I was elected
for the remaining year (1976), then for four
years from 1977 and again from 1981, 1985
and 1989-17 years in all.
H. T. - lt must have been somewhat difficult to launch a new organization and
such an important Programme. Did the
Stockholm conference provide you with a
framework?

M.K. T. -We had what was called the Stockholm Action Plan, which was a blueprint in
every area, including monitoring and assessment and the whole issue of environmental
management. We also had the Environment
Coordination Board, composed of the heads of
agencies having activities in the field of environment, such as ILO, FAO, UNESCO, WHO,
WMO, IMO, etc., headed by the Executive
Director of UNEP. lt met two or three times a
year to coordinate the implementation of the
programme, which was developed by UNEP on
the basis of the Stockholm Action Plan. Maurice
Strong started the Management Committee,
with his deputy, the two assistant Executive
Directors and all the senior directors in the
organization. We met every week to review
activities and progress, pinpoint difficulties and
propose solutions.
H. T. - What was the original budget of
UNEP and where did the funds come from?

M.K. T. - At Stockholm, the Americans recommended the establishment of a fund of US
$100 million for a five-year period and pledged
US $40 million, i.e. 40 per cent, if other countries contributed the rest. At the end of five

years we did not have US $100 million but we
had close to US $90 million, of which the USA
paid US $30 million, i.e. some 33 per cent.

H. T. -When I asked you to define the
environment in 1982, you said that was a
most difficult question to answer. Are you
still of that opinion ?

M.K. T. - I am still of that opinion and am still
trying to avoid any specific definition. My view
now, as then, is that the environment is an
assembly of the natural resources surrounding
us-air, water, land, forests, etc. What I have
probably added to my thinking is that man is an
integral component of the environment, as are
all the other living organisms. Human beings
are one species of the generally accepted
estimate of 30 million interdependent species.
Man cannot survive alone; yet, as he destroys
resources, he destroys the very essence of life.
H. T. - In the same context, what is meant
by development and what is sustainable
development?

M.K. T. - Development is the use of the resources
available to any given country for the production of goods and services or the production of
wealth to buy the services needed. In other
words, it is use of the available human, financial and natural resources. The financial
resources buy the techniques, technology and
know-how to be applied by the human resources
in using the natural resources to produce
goods that you can sell to provide wealth. Part
of this wealth is re-invested and part is used to
provide education and housing, etc. Sustainable development is a process which does not
destroy any one of the three components.
I compare the process of development to a
three-legged table. One leg is the human
resources, the second is the natural resources
and the third is the financial resources. If any
of the three legs breaks, the table will fall. In
other words, if one of the resources is missing
or degraded, development is impossible.
H. T. -What is meant by environmental
monitoring and environmental assessment?

M.K. T. - Environmental monitoring means knowing what the natural resources are and their
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state, e.g. how polluted air and water are and
with what. The data are collected and an assessment is made to see if they are correct, to
locate where there are problems to be avoided or
corrective action taken. Corrective action means
proper management of the resources of the
environment, i.e. environmental management.
After environmental management, monitoring
and assessment are carried out again to see
whether the application of the management
techniques led to an improvement. If not, the
process has to start again from the beginning
to find a more appropriate approach.

H. T. -What is meant by the frequently
heard term "wasteful use of resources"?
M.K. T. - Energy is a good example. Leaving
lights burning in unoccupied rooms, for example, is wasteful. lt means that oil or coal, which
are finite resources, are being burned to produce electricity which is not needed. A badly
tuned car uses twice as much oil or petrol as a
well-tuned car. lt is wasteful to produce a product with larger amounts of energy than are
necessary. Buying or ordering food which is
not going to be eaten is wasteful, as is buying
clothes that are not needed and will not be
worn. In each of these examples, natural
resources are being misused. Moreover, in 10

years' time, the same products will cost three
or four times more, because of the misuse of
resources today. Wasting resources Is not only
destructive to the environment but immoral as
regards future generations.

H. T. -A fundamental problem today is to
meet basic human needs without harming
the environment. You have always expressed
strong opinions on this issue.
M.K. T. - Basic needs are neither static nor
universal; those of a poor family are different
from those of a middle-class family. The basic
physical needs are education, health care, shelter
or housing, food, and productive work. Upgrading the standard of living of a family means
increased needs. More than 800 million people
are still living below the poverty line, suffering
from malnutrition and dying of hunger. This is
an unacceptable state of affairs. lt is a disgrace that some people throw away hundreds of
pounds of food while their fellows have not
even a piece of bread to eat. lt is disgraceful
that almost a billion people are without safe
drinking water. lt is disgraceful to have almost
the same number without sanitation. The northsouth divide is not only between developed and
developed countries. Within countries of the
third world, many people live as luxuriously as

Dr Tolba with HE Dr Rory O'Hanlon, Minister for the Environment, Ireland, and Prof. G. 0. P. Obasi, Secretary-General
ofWMO, during the International Conference on Water and the Environment (Dublin, Ireland, 26-31 January 1992)
Photo: LENSMEN
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the rich in developed countries. Unless the balance is re-established and everybody is offered
an opportunity to secure his or her basic needs,
there will never be peace or security in this
world, be it between nations or within nations.

Instead, I will ask you a few specific questions. The Global Environmental Monitoring
System (GEMS) is a major programme
launched during your tenure. To what
extent has this initiative had an impact on
the environment?

H. T. - If development is a cause of environmental deterioration, its lack is also a
factor. Can the two be reconciled?

M.K. T. -GEMS is basically a system of monitoring air and water pollution as far as they
affect human health. The last analysis of air
pollution, for example, which was published
after a complete assessment with WHO, showed
that some cities are badly polluted with dust and
suspended matter. Others are polluted with sulphur dioxide and other oxides which cause acid
rain. The role of GEMS is to collect the data, have
them analysed by experts with the specialized
agency concerned and bring the results to the
attention of the countries so that they can take
the required action, whether at the national or
global level. For example, with FAO, the monitoring and assessment of the tropical forests
showed that 13.1 million hectares were lost
every year to the detriment of the environment.
That really sent warning bells ringing all over
the globe.

M.K. T. -This is precisely the issue of sustainable development. In what way does the process of development destroy the environment?
Firstly, in the use of large amounts of resources
when less can be used by recycling and reusing.
Secondly, in the production of large amounts of
waste, whether in the air, water or soil. Thirdly,
in the desire of industry to make profits and
hence increase the sale of their products through
advertising. lt is not the process of development
that is destroying the environment, but the way
in which the process is carried out. Newer
technologies, or cleaner production as we now
call it, will create less and less waste until it
can be minimized to zero. We are already using
less energy. By reducing waste, pollution is
reduced, production costs are cut and so are
the prices of the products. Aspects of underdevelopment-lack of sanitation and potable water
and inadequate housing-are all creating environmental health conditions which are destructive
to the human being and can be corrected only
by the process of development. Poverty forces
people to cut down forests to make charcoal
which they can sell to buy food to feed their
families. In so doing, they raze hills and remove
the surface soil, creating conditions favourable
for floods and destroying the Earth's capacity
to produce food. Unless the balance is corrected between those who have and those who
have not enough alternatives set for the poor
to secure a living, they will continue destroying
the environment. The process of development
itself is meant to produce wealth. If the products of development are properly and equally
distributed, the process of development will
lead to a protection of the environment and a
continuation of that process.
H. T. -Your achievements have been
universally acclaimed. lt seems futile
therefore to ask you to describe what you
did during your association with UNEP.

H. T. - Soon after you were appointed
Executive Director of UNEP, you became
Secretary-General of the UN Conference
on Desertification (Nairobi, 1977). What
happened to the plan of action established by the Conference?
M.K. T- There was little interest on the part of
countries suffering from desertification to implement the plan and, accordingly, little interest
from the donor community to finance activities
foreseen under it. A special fund for desertification was established in 1977. In 10 years,
only US $260 000 had been collected and the
fund was closed. The Conference on Desertification was universally applauded as being the
best scientifically prepared conference ever
and the plan of action was based on proper
science. A convention to combat desertification
is currently being negotiated. What we really
need is a treaty to define how the money is
going to be found to implement the existing
plan of action. Unfortunately, my understanding
is that the negotiations which were supposed
to finish in 10 days' time, did not agree on any
financial mechanism. I hope that, when this interview is published, I will have been proved wrong
and that there will be, in the convention on
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treaty which was accepted and approved by
the authorities concerned, for a programme of
action for the benefit of all. I sincerely hope that
UNEP will follow up this important exercise.

desertification, a concrete financial mechanism
to ensure the implementation of the agreement.4

H. T. - Water management must be a key
element in all environmental activities?
M.K. T. -Water has always been the most precious natural resource for the survival of the
human being, but it is now under pressure. The
amount of water available cannot be increased,
because the water cycle-the atmosphere,
ocean, rivers, etc.-is constant, whilst requirements for water in agriculture, industry, human
settlements, municipal uses, etc. are increasing constantly. Some 97 per cent of water is in
the oceans. Of the 3 per cent which is fresh
water, almost 80 per cent is in the ice cap; the
rest is in surface and underground water, some
of which lies so deep that pumping it up to the
surface would not be economically viable.
H. T. -What role did UNEP play in the
management of water resources?

M.K. T. -More than 214 rivers are shared by
two or more States, each of which has increasing demands on the same amount of water coming
into the river. Without plans for the proper sharing
or use of these waters to the advantage of all
concerned, the likelihood of conflict over the
water is great and potentially devastating.
During my last 10 years at UNEP, we
launched the idea of cooperative projects at
the regional level to share water resources. We
started with the Zambezi River in southern
Africa, which is surrounded by eight countries.
We managed to formulate a treaty for those
countries to carry out, in regional groupings,
projects for their mutual benefit. Another
project was Lake Chad, surrounded by four
countries and already drying up seriously on
two sides. We again managed to formulate a
4

The Convention on Desertification was adopted on
17 June 1994. Article 21-Financial mechanismsstates: "In order to increase the effectiveness and
efficiency of existing financial mechanisms, a Global
Mechanism to promote actions leading to the mobilization and channelling of substantial financial
resources, including for the transfer of technology,
on a grant basis, and/or on concessional or other
terms, to affected developing country Parties, is
hereby established. This Global Mechanism shall
function under the authority and guidance of the
Conference of the Parties and be accountable to
it."(Ed.}.

H. T. -What about the Mediterranean Sea
and the Red Sea ?
M.K. T. -The Mediterranean was the beginning of our work on what we call regional seas
(seas which are either closed or semi-enclosed
and surrounded by a number of countries). The
Mediterranean is surrounded by 18 countries
and, when we started in 197 4, it was dying of
pollution. At the same time, the political situation was extremely precarious. Yet, we persuaded the people of the region to sit together
and assess the magnitude of the problem. To
our pleasant surprise, political grievances and
difficulties were shelved in an attempt to find a
collaborative action programme. lt took one
year after agreeing the action plan for a treaty
to be elaborated and signed by all, demonstrating that an environmental issue can be used as
a vehicle to overcome political and possibly
even economic difficulties, provided the proper
approach is used. Countries see they are
unable to solve the problems individually and
must cooperate if they are to survive.

H. T. -An area where concrete and positive
results can be identified is in relation to
carbon dioxide. What was UNEP's involvement in this and what was the role played
byWMO?
M.K. T. -Carbon dioxide and its role in global
warming and climate change was one of two
major areas in which WMO and UNEP cooperated for the benefit of the world (the other
being ozone depletion and protection). Prof.
Bert Bolin 5 of Sweden (now Chairman, Intergovernmental Panel on Climate Change) headed a
joint project between UNEP, WMO and ICSU, to
study global warming and make concrete recommendations based on modelling results. This
produced concrete results showing that the
increased amounts of carbon dioxide and other
greenhouse gases, such as methane, nitrogen
oxide and chlorofluorocarbons, were leading to
an increase in the average global temperature of
between 1.5 and 4SC with an overall average
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of 3oc predicted sometime next century. UNEP
and WMO, at first alone and then collectively
with FAO, UNESCO and ICSU, persuaded the
world to begin negotiations for a treaty on climate change, culminating in the Framework
Convention on Climate Change.

H. T. -The protection of the atmospheric
ozone layer has always been close to your
heart. Could you please summarize your
efforts in this context?
M.K. T. - From the very beginning we worked
on the issue of ozone with WMO. In 1974/1975,
UNEP established the Co-ordination Committee
on the Ozone Layer (CCOL) to assess scientific
developments in our knowledge about the ozone
layer and its possible depletion. CCOL worked
in full cooperation with WMO and issued a series
of assessments of what was happening to the
ozone layer, following the indication by Sherwood
and Molina in 1974 that chlorine was thinning
the ozone layer by breaking it down into oxygen.
it took six years of these assessments before
the UNEP Governing Council established a legal
and technical working group to start drafting a
framework convention on the protection of the
ozone layer, giving the general principles of cooperation and identifying the areas of scientific
research to be carried out in this field. Concrete
control measures were needed to limit the use
and production of chlorofluorocarbons and other
ozone-destructive gases. The differences
between the countries of the west, particularly
the European Community and the so-called
Toronto group (Canada, USA and the Nordic
countries) were so great that no agreement
could be reached on a protocol. The Vienna
Convention for the Protection of the Ozone Layer
was adopted at a special conference in 1985.
H. T. - Did events move swiftly thereafter
towards the adoption of the Montreal
Protocol?
M.K. T. -Immediately afterwards, the UNEP
Governing Council established another working
group to strive for a protocol and UNEP was
asked to convene, if possible in 1987, a conference to adopt the protocol-a sign of the
urgency of the situation. By that time, the ozone
depletion over the Antarctic and Arctic had been
identified and widely reported in the media as
having adverse effects on people in New

Zealand, Australia, Canada, Argentina, parts of
the USA and northern Europe. A workshop to
identify points of agreement and conflict was
convened in September 1986. Negotiations,
which did not start until December 1986, comprised a series of consultations with groups of
countries and individuals with contradicting
views, and continued until literally the day before
the adoption of the treaty on 16 September 1987.
We reached the final wording of the protocol,
which was then called the Montreal Protocol, at
17.00 h on 15 September 1987 (the last day
of the ministerial meeting was 16 September)
and stated for the first time that it would enter
into force on a given date-1 January 1989,
i.e. 15 months after its adoption, a remarkable
and hitherto unique timeframe.

H. T. -What was the role of WMO in the
preparations for the Montreal Protocol?
M.K. T-All the preparations, particularly the
scientific efforts, were carried out in full cooperation with WMO. WMO was the master as far
as the science was concerned and that is what
made UNEP a successful policy-making body,
because we had the full weight of science behind
us. it was difficult for governments and industry
to avoid action when the science was so solid.
H. T. -Was the Protocol subsequently
amended?

M.K. T. -With a great deal of pressure, in which
we were helped by the media, the protocol did
enter into force on 1 January 1989. We had agreed
in Montreal that 50 per cent of chlorofluorocarbons would be phased out by the year 2000.
In June 1990, in London, it was agreed to phase
out 100 per cent by the year 2000. Two years
later, in Copenhagen, it was agreed to phase
out 100 per cent by end of the year 1996. A
landmark in international relations and environmental protection occurred when a special fund
was established to help developing countries
overcome the financial and technological problems of using substitutes for chlorofluorocarbons. Even more significant was the agreement
that the fund would be administered by a committee of 14 members, half of them from developed and the other half from developing countries, despite the fact that the developing
countries were not contributors.
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H. T. - How do you explain this radical
shift in thinking?

opened for signature during UNCED. The first
meeting of the contracting parties is expected
early next year.

M.K. T. -The seriousness of the problem and
its link with human health-increase of cataracts and blindness, skin cancer and even a
reduction in human immunity similar to AIDSworried and motivated public opinion.

H. T. -What do you think about the problem of urbanization and its repercussions
on the environment?

H. T. - Climate is a major factor in shaping human environment. Could you tell us
about the events which led to the adoption
of the Framework Convention on Climate
Change?
M.K. T. -An international ministerial-level meeting was convened by the Government of the
Netherlands in cooperation with UNEP and WMO.
lt was attended by some 56 ministers, as well
as Prof. Obasi, the Secretary-General of WMO,
and myself. That it was also attended by the
Queen of the Netherlands was an indication of
its significance. There was great opposition to
cutting down the production of carbon dioxide.
The oil-producing countries were opposed,
because their economic development would be
impeded. However, the outcome was a great
success and the Nordwijk Declaration was a
major step.
At about the same time, Prof. Obasi was
making preparations for WMO to convene the
Second World Climate Conference. UNEP was
a full partner in these preparations. We decided
to join forces and agreed to invite other UN bodies
to participate. The conference took place in
October/November1990, hosted by WMO, eosponsored by UNEP and in cooperation with
UNESCO, FAO and ICSU. lt consisted of two
parts: the scientific component and the ministerial meeting, which concluded with a ministerial declaration containing the elements to be
included in a treaty on climate change 6 . Negotiations for that declaration were long and drawn
out, with the same ministers as in the Netherlands meeting opposing any reference to energy
and carbon dioxide. Immediately afterwards,
WMO and UNEP began preparing for the negotiations of a convention on climate change. The
UN General Assembly established an intergovernmental negotiating committee, which negotiated the treaty now called the Framework
Convention on Climate Change, which was
6

See WMO Bulletin 40 (2), 135-139 (Ed.).

M.K. T. -Developed countries are clearly committed to controlling the growth of cities. In
developing countries, unfortunately, controls
do not exist and the cities are fast becoming
unmanageable-a city with an infrastructure
for two or three million is now housing 12 or
14 million, with subsequent deterioration of
potable water, sanitation and housing. lt is, in
every respect, detrimental to the environment
to allow these huge conglomerations with slums
growing up around them. Moreover, all the
scourges of society-narcotics, theft, etc.flourish in these huge shanty towns.
H. T. -What about population growth and
environment?
M.K. T. -The problem of population growth is
most acute in developing countries, where the
financial resources to deal with the problems
or to establish jobs are lowest. In developing
countries, therefore, we have a responsibility
to cut down on numbers. In Egypt, population
growth is 2.3 per cent, which is still too high,
and it will probably take about another 50-60
years before the population is stabilized. The
growth in numbers is not the sole source of the
problem, however: consumption is equally responsible. I must stress that resource consumption is linked not only to increased growth.
A baby born in the USA consumes as much of
the world's resources as ten babies born in
India, i.e. if India has a population growth of 10
per cent, it is equal to a population growth of 1
per cent in the USA. We have to change consumption patterns and lifestyles to allow everybody in the world to live reasonably well.
H. T. -You are an advocate of environmental education?
M.K. T. - Education is our sole salvation. Already,
at the beginning of my time at UNEP, we worked
with UNESCO to develop a global programme
of environmental education. We need to concentrate on two groups: first of all, the children
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of today, because they are the hope of tomorrow.
We must teach them to perceive the significance
of the environment and natural resources in the
course of their studies, not as a separate subject called environment, but as an integral part
of all their studies. The other group is the graduates in engineering and science. lt is they who
are making designs and decisions, preparing
activities and projects. They must understand
· the impact of their action on the environment
and ensure that it is appropriate.

H. T. -You left UNEP shortly after UNCED
in June 1992. As head of UNEP for virtually the entire intervening period since the
Stockholm Conference in 1972, you are
well placed to express your opinion about
UNCED.
M.K. T. - UNCED was about the environment
and sustainable development. There is nothing
new in these concepts. The term "sustainable
development" was coined by the UNEP Governing Council in 1978, and the World Commission
on Environment and Development, chaired by
Dr Gro Brundtland7, was established in 1983.
One of my books, Sustainable Development,
Opportunities and Constraints, was publishe?.
five years before UNCED. But UNCED IS Significant for two reasons. First, it collected in one
book, Agenda 21, all that had been done on
the issue of sustainable development for the
previous eight or 10 years. Second, the fact
that more than 100 Heads of State and Government stamped their seal of approval on
Agenda 21 and the principles of UNCED is in
itself a tool that, if properly used, can embarrass all States and Governments if the agenda
is not implemented.

Dr Tolba at his Geneva home dnring his interview with
Dr Taba in June 1994
Photo: H. Taba

cussed at a time when hundreds of thousands of human beings are being massacred
or made homeless, when children are being
blown to pieces by land mines, when entire
forests are being razed, when thousands
of tons of oil are spilled on the oceans and
smoke from burning oil fills up the atmosphere for months?

H. T. - Dr Tolba, you are a scientist, an
administrator and a diplomat. I should like
to put to you the following question: what
is the point in organizing UN conferences,
setting up UN agencies and establishing
national and international machinery to
protect the environment, while at the
same time wars and conflicts are destroying entire regions of the world ? How can
the question of human settlement be dis7

Prime Minister of Norway; interviewed in Climate
Change-Environment and Development-World
Leaders' Viewpoints (WMO-No. 772), p.113

M.K. T. -War is as old as humanity itself.
Upon examination, however, the wars in the
west have related to domination-because of
land or oil or water or forests-and the desire
to gain precedence over others in order to
have a better quality of life. However, the link
between natural resources and their availability
to produce goods and services and increase
the quality of life did not exist. Developed
countries have reached a level of awareness
where they understand the impact on them of
war and destruction. They are now reluctant to
become involved in external conflicts. They are
aware that their standard of living and quality
of life are dependent on peace and the proper
use of natural, human and financial resources.
If the developing countries can achieve the
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same awareness and perception of the significance of peace, the importance of using what
nature gave them in an appropriate and unwasteful way; if they can develop properly, eliminate
poverty and have a decent life style, I think we
will be able to eradicate war as much in the
south as in the north, where World War 11 was
the last major war.

ernmost districts of his country disaster
areas and pleaded for foreign assistance
to deal with pollution. Perhaps this will
result in another UN General Assembly
Resolution, another UN Conference and
another major Programme to address this
dire situation. On this unhappy note, I
thank you, Dr Tolba, for this interview.

H. T. - I read in The Times newspaper of 6
June 1994 that, over the past months, human
corpses have been carried more than 100
km from Rwanda by the waters of Kagera
River into Lake Victoria, threatening to trigger an environmental crisis. The President
of Uganda has declared the three south-

M.K.T.- Thank you very much. I hope your
unhappy note will be a really sad testimony to
humanity and that it will not end only in a conference or resolution but in real action and real
understanding of the problems behind this
tragic situation-poverty, ignorance and lack
of equity within nations.
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James P. (Jim) Bruce

Jim Bruce

Were he asked to describe Jim Bruce as a person, Or Taba says he would, without any hesitation, call him "a man for all seasons". He was
able, without any difficulty, to cross the boundary between meteorology and hydrology, established himself as an international figure in the
environmental field and proved to be a skilful
negotiator on numerous occasions, both nationally and internationally. In his own country, he
was consistently a driving force behind many
projects, as well as in research into numerous
environmental issues and implementation of
the results.
Our interviewee was born in 1928. He
obtained his MA in physics, with emphasis on
meteorology, from the University of Toronto in
1952. In his early professional life, he was a
weather forecaster at St. Hubert for the Canadian Meteorological Centre, Montreal. From 1955
to 1966 he worked as a research scientist and
taught hydrometeorology. During this period, he

established the flood-forecasting system for
Ontario. With R.H. Clark, he co-authored a textbook entitled Introduction to Hydrometeorology
(1966). In 1968 he became a member of the
then WMO Commission for Hydrometeorology
and a member of the Advisory Working Group.
From 1966 to 196 7, he chaired the Working
Group on Estimation of Maximum Floods of the
WMO Commission for Hydrometeorology. The
report of the group was published as WMO
Technical Note No. 98 in 1969.
Jim was appointed first Director of the Canada Centre for Inland Waters, Burlington, Ontario,
and subsequently Director-General, Inland Waters
Directorate for Canada, based in Ottawa. In the
1970s he was part of the Canadian team for
negotiating the Great Lakes Water Quality Agreements between Canada and the USA and was
Canadian eo-chair of the Great Lakes Boards
of the International Joint Commission. He also
chaired the federaVprovincial Prairie Provinces
Water Board and the Mackenzie River Basin Board.
In 1977, he was appointed Assistant Deputy Minister, Environmental Management Service, Environment Canada and became responsible for
the Canadian Forestry Service, Canadian Wildlife Service, Inland Water Directorate and Lands
Directorate. At that time he had a staff of 3 000.
In 1980, Jim moved to the position of
Assistant Deputy Minister, Atmospheric Environment, where he was responsible for the
national Weather Service, the Canadian Climate Centre, meteorological research and airquality monitoring.
As Assistant Deputy Minister, Jim directed
and coordinated the major Canadian research
effort on long-range transport of air pollutants,
which led to the federaVprovincial agreement
on S0 2 emission controls. He chaired the Economic Commission for Europe's Working Group
which negotiated the Helsinki Protocol (1985)
for S02 emission reductions in Europe and North
America. In 1985, he chaired the famous
WMO/UNEP/ICSU Villach Conference on Greenhouse Gases and Climate Change.
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Jim Bruce was a member of the WMO Executive Council from 1981 to 1986 and Third WMO
Vice-President from 1983 to 1986. From September 1986 until September 1989, he worked at
the WMO Secretariat, first as Director of the
Technical Cooperation Department and later as
acting Deputy Secretary-General.
When the UN Scientific and Technical Committee for the International Decade for Natural
Disaster Reduction was set up in 1990, Jim
became its chairman and, as such, provided
leadership for the development of its technical
framework. He firmly believes that natural disasters are aggravated by global change and that
measures to reduce losses drastically are technically feasible. He says that such measures must
be built into all countries' plans for sustainable
development.
J. P. Bruce is the author of numerous papers,
articles and booklets on climate change, water
resources, disaster mitigation and related topics.
At present, he chairs the Canadian Climate Programme Board, the United Nations Scientific and
Technical Committee for Natural Disaster Reduction and eo-chairs the IPCC Working Group Ill
(socio-economics). For several years, he chaired
the Scientific Advisory Committee to UNEP for
the World Climate Impact Assessment and
Response Strategies Programmes. He was a
member of the International Geosphere-Biosphere
Programme START Committee on Regional
Centres for Global Change Studies (1994-1995).
He also undertakes many consulting assignments.
Jim Bruce has received many national and
international awards such as: the International
Hydrological Decade Award (Canada, 1972); the
Patterson Medal (Canada, 1986); and a doctorate in Environmental Studies (honoris causa) from
the University of Waterloo (1994). He has also
won the 39th /MO Prize (1994). He has been
made a life member of the Canadian Meteorological and Oceanographic Society and a fellow
of the American Meteorological Society.
Jim has had an exceptional career, in which
he has made worldwide, significant contributions
in the fields of meteorology and hydrology and
environmental issues. His role in focusing attention on the potential effects of climate and atmospheric changes has-been an important one.
His is an extremely appealing character:
he is full of energy, pleasant to talk to and smiles
often. These characteristics, plus the fact that
he enjoys a happy family life, are perhaps the
secret of his success. Dr Taba says he greatly

enjoyed the somewhat eventful time he spent
with the Bruces to conduct this interviewespecially Mrs Bruce's excellent hospitalitywhich took place in Ottawa in August 1994.

H. T. - Let us start by your telling us where
you were born and something about your
parents.
J.P.B. - I was born in Toronto in 1928. My
mother was a schoolteacher. Her family had
been Canadian for many generations, having
crossed the border at the time of the US War
of Independence. My father, Peter Bruce, was
a Scotsman from Glasgow. He worked in Eaton's
Department Store and was a wonderful tenor.

H. T. - What about primary and secondary
school?
J.P.B.- I went to both primary and secondary
school in Toronto, graduating from high school
at the end of the Second World War. The best
teachers had gone overseas to fight in the War
and those who remained were only fair to mediocre but I enjoyed my time at secondary school.

H. T. - Where did you study meteorology
and what degrees did you obtain? Who
were your professors?
J.P.B. - I took a Bachelor's degree at the University of Toronto, with specialization in physics
and mathematics, which I completed in 1948.
Shortly afterwards, I took a training course to
become what was then called a "dependent forecaster", and went to work for the Meteorological
Service, at one of its subsidiary centres. After a
couple of years forecasting in such places as
Churchill, Manitoba, on the shore of Hudson Bay,
Mont Joli, Quebec and St. Hubert near Montreal,
the Meteorological Service sent me back to the
University of Toronto to take my Master's degree
in meteorology. There was an agreement between
the Meteorological Service and the University
about the teaching of meteorology, whereby the
professors who taught most of the courses were
staff members of the Meteorological Service. The
most important of these were Warren Godson 1,
AI Cracker and Clarence Penner, who were stars
I
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of the Canadian Meteorological Service as well
as outstanding teachers. The analysis and making of prognostic weather maps was something that really appealed to me and I was able
to do it rather well. Nowadays, when it is all
done by computer, meteorologists miss some of
that semi-instinctive but nevertheless scientific
understanding of the way weather systems work,
how, why and when they move and develop.

H. T. -When was your first appointment
and what did it entail?
J.P.B. -After completing my Masters degree
in meteorology, I was assigned as an independent forecaster for aviation meteorology in Maneton, New Brunswick. This was in 1952, at a
time when Moncton was an alternate airport to
Gander where aircraft from New York, Chicago,
Boston, Toronto and Montreal could re-fuel before
making the long trip across the Atlantic. So, on
a busy night, when weather was bad at Ganderwhich was often-we would have 10 or 15 Super
Constellation aircraft lined up, whose pilots were
anxious about when the fog was going to lift,
the kind of tail winds they might have, and what
kind of weather conditions they would encounter
over the North Atlantic and Europe. lt was an
exciting time.

We were still doing Fj0rtoft graphical prognostics by hand, and sending them out on the facsimile network to weather offices across Canada.
In October 1954, hurricane Hazel, moving up
from the Caribbean, encountered a cold front
sweeping in from the north-west and developed
into an extremely strong extra-tropical low to
the south of Lake Ontario. More than 200 mm
of rain fell in the watersheds north of Toronto,
causing the largest floods on record. Some 80
people were drowned and damage to property
amounted to hundreds of millions of dollars. In
the post mortem, the weather forecasts were
judged to have been accurate but no one could
foresee the severe floods in the absence of a
flood-warning service. As a result, the Meteorological Service, under Patrick McTaggart-Cowan2
and Andrew Thomson, negotiated an arrangement with the Ontario Government to establish
a flood-warning service for southern Ontario.
A competition was held for the post of head of
the unit, which I was fortunate enough to win.
I was transferred to Toronto and seconded to
the Ontario Government for a four-year period
to establish a river-forecasting/flood-warning
service and to help in the development of the
flood-plain management programme for the
Toronto region.

H. T. -Do you recall any particular incidents?

H. T. -Did you have any assistance in this
ambitious venture?

J.P.B. - I remember an incident in my third or
fourth shift on my own. I forecast that Halifax,
Nova Scotia, would close because of fog but
that Greenwood, about 200 km to the north,
would be clear. Consequently, Air Canada hired
two or three buses to drive up to Greenwood
and collect the passengers. In fact, the reverse
happened: Halifax stayed open and Greenwood
was closed because of fog, and the planes
landed in Halifax after all. When I went on shift,
next morning, a bill was waiting for me from
the Air Canada dispatchers to pay for the buses
to Greenwood and back but they kindly withdrew it after a little discussion!

J.P.B. - I had a great deal of help from the US
Weather Service, which had much more experience in flood and river forecasting than we had
in Canada. I went to Washington, DC, where
I learned a great deal from Max Kohler3, Bud
Hiatt and others in the hydrology office and
I visited some of their river forecast centres.
I shamelessly borrowed US techniques and
study methods and applied them in Ontario.
The flood-management system also included
flood-plain mapping and zoning to ensure that
buildings were not rebuilt in the flood plains
that had proved so hazardous with Hazel and
could be so again.

H. T. - For more than 10 years, from
1955 to 1966, you worked as a research
scientist in hydrometeorology. How did
you start in that field?

H. T. - How did your valuable efforts in
flood management evolve ?

J.P.B. -After Moncton, I was posted to the
Canadian Meteorological Center in Montreal.

2

3
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J.P.B.- The Meteorological Service considered
that the experience was a good demonstration
of how well hydrometeorology could serve the
public. In 1959, it decided to set up a special
unit at Meteorological Service Headquarters and
I was asked to establish a nationwide hydrometeorological research and applications programme. We began estimating maximum floods
for the safe design of sensitive dams and river
structures; rainfall intensity frequency analyses
for the optimum design of drainage facilities in
cities, storm sewer systems and highway drainage; and studies of the frequency and severity of
droughts on the Prairies to help in the design of
drought-management systems for the drier areas
of the country. These studies have continued to
this day within the Meteorological Service and
are still frequently used throughout the country
in the management of water resources.

H. T. -You became a special lecturer in
hydrology at the University of Toronto. How
did you change from meteorology to
hydrology?
J.P.B. - In my work with the Ontario Government, I worked closely with Prof. G. Ross Lord,
Head of the Department of Mechanical Engineering at the University of Toronto and chairman of the Metropolitan Toronto Conservation
Authority, which was responsible for the floodplain management programme in the Toronto
region. We worked together on flood-plain mapping and zoning and on improving the riverforecasting system. Prof. Lord recognized that
there was a need for a hydrology course and
asked me if I would assist in the teaching.
I taught the part dealing primarily with hydrometeorology and Dr Lord taught the part concerned primarily with fluid mechanics. Later on,
Vit Klemes took over the whole graduate course.

H. T. -Tell us about the book Introduction
to Hydrometeorology that you wrote with
R. H. Clark.
J.P.B. -In the early 1960s, Pergamon Press
launched a geophysics series, for which their
senior advisor was Prof. J. Tuzo Wilson of the
University of Toronto. He asked Bob Clark and
me if we would be willing to produce a book on
hydrology or hydrometeorology. My contribution was mostly based on the lecture notes
I had used with the graduate classes in hydro!-

Ottawa, 1975- Some of the founding members of CHy
\from l~ft to right): Martin Jacobs (Israel), Jose da Costa
(UNESCO), Jim Bruce (Canada); E.G. Popov (USSR),
Max Kohler (USA) and Jean Rodier (France)

ogy. Bob, who was Chief Engineer for the Federal Water Resources Branch, had many years'
experience in practical hydrological engineering and, together, we produced a book that has
been reprinted several times and translated into
a number of languages. At one stage, recently,
we considered bringing it up to date but we
were too busy and out of touch with the latest
research in the field. The book represented an
enormous amount of work. We figured out afterwards that we had made about $1.75 an hour
writing it, because, although it sold well, the royalties were rather modest. Writing a book, we
decided, was a labour of love and not well-paid
labour, either, unless it was a best-selling novel!

H. T. - From then on, you concentrated on
hydrological activities. Tell us about the
working group you chaired and the WMO
Technical Note you wrote.
J.P.B. - In 1959, WMO established the Technical Commission for Hydrological Meteorology
(later for Hydrometeorology and finally for Hydrology). Bob Clark and I were appointed the Canadian representatives and attended its first meeting in Washington, DC, that year, and its second
meeting in Warsaw, in 1964. At the first meeting, a Working Group on the Guide to Hydrometeorological Practices was formed, which became
the Advisory Working Group to the president.
Each member was chairman of a group on a
specific aspect. In 1964, it was decided to produce a Technical Note on how to use both
meteorology and hydrology to estimate the
largest flood likely to occur in a particular river
basin, i.e. the probable maximum flood. The aim
was to provide for the safety and design of
large dams whose failure could result in terrible
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devastation. Together with some colleagues
from other countries, I produced Technical Note
No. 98 (WMO-No. 233) entitled Estimation of
Maximum Floods. Printed in 1969, it described
techniques for estimating the largest rainfall and
the greatest rate of snowmelt that could occur
in a region and converting these rates into estimates of the maximum flood. These techniques
are still used for designing spillways of large
dams, especially earth dams. I enjoyed my work
with the Commission for Hydrology, which I continued until leaving the Canadian Meteorological Service at the end of 1967.

H. T. - For years, there was a debate in the
Secretariat between the definitions "hydrology" and "hydrometeorology". At one stage,
references to "hydrometeorology" were
eliminated in WMO publications in favour
of "hydrology', the argument being that
hydrology was not the same as hydrometeorology and that the boundaries were
not as diffuse as some people thought.
What is your view?
J.P.B. - I always thought that the boundaries
were extremely diffuse. Hydrology is, of course,
the study of water in, on and around the Earth.
it includes hydrometeorology. There are four main
aspects of hydrology: hydrometeorology-the
water cycle in the atmosphere and how it directly
impinges on surface water; surface-water hydrology, which is mainly the study of how water percolates into the soil and flows through streams;
groundwater hydrology; and snow and ice hydrology. In my view, hydrology is the more comprehensive term and probably the best one for
WMO to use, while hydrometeorology is a subset of the entire field of hydrology.

H. T.- During the period 1967-1974, you
were Chief, Great Lakes Division. Could
you tell us about it?
J.P.B.- During 1965 and 1966, I was special
adviser on water to the central Privy Council
Office and produced, with Dr D. Maasland, a
groundwater specialist, a report on water
research in Canada. One of our recommendations was that the Government should establish
a much stronger capability to deal with waterquality issues and, in particular, those of the
Great Lakes, which were becoming increasingly
polluted. The suspicion in Canada was that a

great deal of that pollution was coming from the
USA. Canada wished to develop an arrangement
through the International Joint Commission
between Canada and the USA, which supervises
the Boundary Waters Treaty (it has been in existence since 1909) for curbing that pollution. In
order for Canada to have a strong technical
capability to support the negotiations, an institute was established on the shores of Lake Ontario
near Hamilton at Burlington, called the Canada
Centre for Inland Waters and I was appointed
Chief, Great Lakes Division.

H. T. -The Centre soon became larger
and more complex, I believe?
J.P.B. -The Centre expanded within a few
years to embrace also a waste-water technology centre and hydraulics laboratory and my
title was changed to that of Director, Canada
Centre for Inland Waters. The Centre made an
important contribution to studies of the pollution of Lakes Ontario and Erie coordinated by
the International Joint Commission. This was
one of the most exciting periods of my life
because, in addition to our work on the Great
Lakes, we were building one of the world's
largest (and best) water-research institutes,
which continues to serve well the citizens of
Canada, the Department of the Environment
and the international community.

H. T. -What were the sources of pollution
of the Great lakes?
J.P.B. -The main problems of the Great Lakes
were the over-enrichment of Lakes Erie and
Ontario with nutrients, particularly phosphorus,
and the toxic chemicals that were being transported into the lakes not only from urban and
industrial discharges on both sides of the border,
but also through the atmosphere. The movement of toxic chemicals from the atmosphere
into Lake Superior, for example, is more important than the discharge of toxic chemicals into
the lake from rivers and discharges around it. it
was scientifically fascinating for me, because
I was working in fields that I had not worked in
much before, although my meteorology and
hydrology background was most valuable.

H. T. -At this stage, it would seem that
your career began to take a more administrative turn ?
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J.P.B. - My work became markedly more managerial than research-oriented and as I gained
experience, I became more and more interested
in applying the scientific research that the Centre was doing: to convert it into public policies
to combat environmental problems that ministers and governments would be prepared to
adopt and commit funds for. That has been one
of the key aspects of my work ever since and
one I think I have been most successful in doing.

H. T. -The Canadian Department of Environment was set up in 1970. How did this
affect your work?
J.P.B. - As far as the Canada Centre for Inland
Waters was concerned, it meant that the various components or units were grouped in the
same Department. Bringing them together in
one Department was a good move politically: it
allowed one minister to deal with environment
issues at the federal level. The disadvantage
was that these same units were now competing
for the same budgetary allocations in the Department of Environment rather than in a number of
different Departments. People did work more
closely together, however. For example, the
Canadian Wildlife Service became involved in
the toxic chemicals programme. Some species
of gulls, such as herring gulls, are at the top
level in the food chain, in a similar way to humans.
Tracing or measuring the toxic chemicals in herring gulls and their eggs gave us an excellent
indication of the trends in toxic chemicals in the
Great Lakes and allowed us to identify those
which represented the most severe threats to
ecosystems and human health.

H. T. -Tell us about the negotiations between
Canada and the USA concerning the Great
lakes Water Quality Agreement.
J.P.B. -The International Joint Commission
issued its main technical report in 1970. On the
basis of that report, the Canadian and US Governments decided to negotiate an agreement to
reduce the pollution burden on Lakes Ontario
and Erie. As one of the negotiators, my major
concern was to reach agreement on the amount
of phosphorus being discharged into the lakes
through sewage-treatment plants that did not
have phosphorus removal, and through phosphates in detergents and fertilizers. We worked
out a reasonably good agreement which cam-

mitted the USA to some 5 billion dollars in cleanup funds and Canada to some one billion dollars,
shared between the Ontario Government, the
federal Government and the municipalities and
industries concerned. The programme has had
very beneficial effects, especially in terms of
reducing the rate of eutrophication. The signing
ceremony for the Great Lakes Water Quality
Agreement was held in Ottawa in 1972 with
Prime Minister Pierre Eliott Trudeau of Canada
and President Richard Nixon of the USA. The
Agreement was updated in 1978 to put more
emphasis on toxic chemicals, because the nutrients problem was being reasonably well
addressed. lt has since been updated to
embrace other issues, such as local pollution.

H. T. - What about the Great lakes Research
Advisory Board?
J.P.B.- The 1972 Agreement called for two
boards to advise the International Joint Commission: the Great Lakes Water Quality Board, which
was operationally oriented and the Research
Advisory Board (later the Science Advisory Board).
I was appointed Canadian eo-chairman of the
Research Advisory Board. Our job was first to
coordinate research between institutes in Canada and those in the USA; second, to provide
advice on the areas of research requiring further attention; and, third, to provide advice on
what the research was revealing that should be
applied in the Great Lakes Clean-up Programme.
One of the issues, for example, on which we
recommended a much more intensive programme was the issue of long-range transport
of toxic chemicals.

H. T. -In 1974, you became DirectorGeneral, Inland Waters Directorate?
J.P.B.- In 1974, we had to make the familywrenching and professionally difficult decision
whether to stay at the Canada Centre for Inland
Waters, having close contacts with the research
community, or to go to Ottawa to a management job. In the event, we went to Ottawa and
I took on the job of Director-General of Inland
Waters.

H. T. -What was the scope of your work?

J.P.B. -The work concerned water quality
and quantity, carried out mainly through cost-
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and work-shared programmes with the ten provinces, and boundary water issues with the USA.
One important issue concerned the water levels
of the Great Lakes as a result of climate variability: high levels brought flooding and shore
erosion, while low levels meant energy and
shipping difficulties. Another of my duties was
to chair the Prairie Provinces Water Board,
which supervises an agreement for the apportionment of water among the three provinces
of Alberta, Saskatchewan and Manitoba.

where flood-warning and river-forecasting services would be helpful, we brought the Weather
Service in and it has continued to be active in
some regional forecast systems such as on
the St John River in New Brunswick. The programme was approved by the Cabinet and we
entered into agreements with most provinces.
The majority of the flood plains in suburban
areas have now been mapped and largely
excluded from development. The federal
Government will not loan money or assist any
kind of development in these areas. This programme has been used as an example within
the framework of the International Decade for
Natural Disaster Reduction.

H. T. -What were some of the boundary
water issues apart from the Great lakes?
J.P.B. -Under the Garrison Diversion Project,
for example, the USA planned to irrigate a
large area by building reservoirs and diverting
water from the Missouri system into the Red
River, which flows from North Dakota into Manitoba, through Winnipeg and into Hudson Bay.
Our studies showed that this could result in
significant deterioration of the water quality of
the Red River System, on which a number of
Canadian communities depended for their water
supply, as well as the introduction of foreign species of fish bacteria and parasites from the
Missouri-Mississippi system into the Red River.
The USA agreed to allow the International Joint
Commission to study this problem and we were
active in developing an agreement to prevent
pollution in Canada.
H. T. -While Director-General of Inland
Waters, you introduced Canada's Flood
Damage Reduction Programme. What can
you tell us about it?
J.P.B.- This was partly a result of my experiences in Ontario, following hurricane Hazel. Also,
some members of the staff, such as Harry
Rosenberg, were pushing hard for an improved
approach to reducing flood losses in Canada.
The federal Government had an arrangement
to provide funds for rehabilitation in provinces
where floods had struck and their costs were
rising rapidly. The Toronto area, where the
flood plains had been defined and zoned, provided us with a model. We advised the Cabinet
that funds for disaster assistance could be
contained only if a flood-plain management system was in place. We proposed a series of
cost-sharing agreements with the provinces to
map and zone the flood plains. In some cases,

H. T. - Could this model be useful elsewhere?
J.P.B. -Yes, but Canada is a large country
with a relatively small population: it is possible
either to avoid using the flood plain or to use it
so as to minimize loss of life and property.
Heavily populated countries might not have that
luxury.

H. T. - Can land designated as flood plain
be put to any use at all?
J.P.B. -These areas can be used for sports,
parks, etc. In this way, large areas for recreation and nature have been preserved in the
heart of urban and suburban areas of Canada,
which everyone can enjoy-except at times of
flooding, of course!
H.T. -In 1977, you were designated Assistant Deputy Minister, Environmental Management Service, Environment Canada.
Was this outside the Atmospheric Environment Service or linked to it? What were
the problems you dealt with ?
J.P.B.- This was probably the most difficult
position I ever held. The Environmental Management Service was one of three major operational services of Environment Canada. Atmospheric Environment Service was a sister service,
but apart. The Environmental Management Service included Inland Waters, the Canadian Wildlife Service, the Canadian Forestry Service and
the Lands Directorate. lt addressed renewable
resources and environmental issues for forests,
water, wildlife and lands at a federal level. We
were involved in a national effort to develop a
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forest sector strategy
which would improve management of Canadian
forests, and we began
working on a North
American waterfowl
management plan to
formalize arrangements
between Canada and the
USA for the protection and
enhancement of migratory
bird populations. We also
continued with various
water programmes,
including comprehensive
river-basin management
plans, involving all economic sectors.

Ruth and Jim Bruce at the retirement party from Atmospheric Environment Service
for Don K. Smith (right) in 1984. Behind them is Jan Kruus, currently president of the
Comm1ss1on for Instruments and Methods of Observation. Mr Smith subsequently
became Deputy Secretary-General6f WMO (1984-1987)

H.T.- From 1980 to 1985, you were Head
of the Atmospheric Environment Service
Canada. Is this when you became Permanent Representative of Canada with WMO?
J.P.B. -My move in 1980 to the Atmospheric
Environment Service (formerly the Meteorological Service) was a horizontal move within Environment Canada. I jumped at the chance of
going back to my original employer. AES included
the Canadian Climate Centre, an air-quality programme, meteorological research, and an ice
forecast programme as well as the weather services programme. A few months after my appointment, I became Permanent Representative of
Canada with WMO. lt was a great pleasure to
be associated with WMO again.

contam_ination of small water bodies, especially
recreational lakes. Some Canadian/US committees, such as the one led by the now Assistant
Deputy Minister of Atmospheric Environment Service, Gordon McBean 4 , were quite successful in
defining the problem. The USA, however, decided
it needed another ten years' research because
it did not know enough about the issue to institute controls on emissions causing acid rain. My
personal view, when I heard the results of their
National Acid Precipitation Assessment Programme, was that they had not learned much
more than we already knew 10 years before.
But it bought them time. Now, there is a good
emission-control programme in place in the USA
which complements the Canadian one.
'

H. T. - Tell us about your involvement in
the study of acid rain.

H. T. - Did you learn anything in particular
from all your practical experiences?

J.P.B. -We began to be concerned with the
acid-rain issue already before 1977. From the
point of view of the Environmental Management
Service, my concern was the impacts on forests, as well as on lakes and rivers, of
increased acidity of precipitation, and the
subsequent impacts on wildlife, particularly the
birds which feed on the lake fish. When I went
to Atmospheric Environment Service in 1980,
I became chair of a federal/provincial Scientific
Steering Committee to coordinate the research
and monitoring efforts on acid rain between the
provinces and the federal Government. The
provinces were extremely concerned about the

J.P.B. -One point I learned from both the Great
Lakes and the acid-rain work is that it is necessary to establish an environmental goal. For
the Great Lakes, we were able to set a target
on phosphorus loading in the lakes that would
4
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Prof. Gordon Mac Bean was formerly chairman of the
Atmospheric Sci~nce Programme at the University
of Bnt1sh Columbia, Vancouver, Canada, and chairman of the WMO/ICSU Joint Scientific Committee for
the World Climate Research Programme. He was
appointed Assistant Deputy Minister, Atmospheric
Environment Service in 1994, when he became Permanent Representative of Canada with WMO. He is
currently an acting member of the WMO Executive
Council.

control entrophication. This was mainly through
the work done by Prof. R. Vollenweider. As to
acid rain, we were able, on the basis of analysing those lakes which were turning acid and
those lakes which still seemed healthy, to estimate the tolerable loading of acid substances
for most lakes. We could then set an emission
target for various upwind regions, using atmospheric transport models. Without that kind of
target, it is difficult to formulate pollution-control
programmes. With long-term problems, such
as the greenhouse-gas/climate-change issue,
our difficulty is that we have so far not been
able to establish any credible greenhouse-gasconcentration target that would protect the climate or the environment as a basis for an
emission-control plan.

H. T. -What are your reminiscences of
this period when you were a member of
the WMO Executive Council and then Third
Vice-President?
J.P.B.- I recall the beginnings of the debate in
1986 about the commercialization of weather
services and moves which might compromise
the free and open exchange of data in the World
Weather Watch and Global Atmosphere Watch.
At a session in the early 1980s about the future
of meteorology and of WMO, I said that the Organization had to move much more vigorously on
the issues of atmospheric chemistry and global
contamination of the atmosphere. WMO was the
only UN body which could speak authoritatively
about protecting the global atmosphere. My message was not particularly well received: most
people were-and still are-more concerned
with problems of operational meteorology.
I believe, however, that a gradual change in
WMO's thinking has taken place, in which the
importance of atmospheric chemistry is recognized, as well as that of operational meteorology and hydrology.

H. T. -You chaired the Economic Commission for Europe Working Group on S0 2
Emission Reduction, which negotiated the
Helsinki Protocol. Please tell us about it.
J.P.B. -A convention was signed in 1979
between the countries of the UN Economic
Commission for Europe (ECE), which includes
Canada and the USA, on long-range transboundary air pollution. WMO has always been a

scientific and technical advisor on that agreement. About 1984, concern over acid rain was
acute and was being promoted by Canada and
the Scandinavians. As Canada could not, at
that time, obtain a bilateral agreement with the
USA on reducing S0 2 emissions, we thought
we might be successful multilaterally, through
the ECE. We were eventually able to negotiate
an agreement for a 30 per cent reduction of
emissions by each of the countries, which was
made all the more viable because we were
joined by the USSR and a number of East European countries. I chaired the working group
that put this agreement together. lt was signed
in Helsinki in 1985 and called the Helsinki Protocol. To the great disappointment of Canada
and the Scandinavian countries, neither the USA
nor the United Kingdom would sign. lt was,
nevertheless, an important achievement and
one of the first international agreements for a
specific control programme.

H. T. -You chaired the Villach Conference
on Greenhouse Gases and Climate Change
organized by WMO, UNEP and ICSU in
1985. What were its main achievements?
J.P.B. -The Conference brought greater awareness at the political level of the importance of
the issue and had significant repercussions in
many capitals, particularly in Washington. lt
said that the assumption that climate would
remain unchanged, which formed the basis of
our everyday decisions related to water resources,
agriculture, construction, transport, etc., was
no longer valid. The recognition of the importance of the greenhouse-gas/climate-change
issue and of the significance of greenhouse
gases other than C0 2 was probably the greatest achievement of the Villach Conference.

H. T. - When did you leave the Atmospheric
Environment Service, Canada, and what
did you do afterwards?
J.P.B. -After retiring from Environment Canada,
the Atmospheric Environment Service, at the
end of 1985, I did some work for the Institute
for Research on Public Policy in Canada. Only a
few months later, several people, including my
old friend Dick Hallgren 5 , urged me to apply for
5
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the job of Director of the Technical Cooperation
Department in the WMO Secretariat. My application was successful and I was subsequently
appointed.

H. T. -As acting Deputy Secretary-General, you were expected to defend the
Secretariat's position during sessions of
the Executive Council. Was it difficult?
J.P.B. - WMO is one of the few international
organizations run by its Members. The Secretariat follows their directions in carrying out its
work. What the Members want and what the Secretariat wants are in fact the same and I rarely
felt any sense of conflict between the two.
H. T. - Please tell us about your involvement with the UNEPjWMO Intergovernmental Panel on Climate Change.

Geneva, 1989- Jim Bruce with staff of the Hydrology
and Water Resources Department and Eduardo Basso,
Acting Director, Technical Cooperation Department

H. T. - How do you look back on this time?
J.P.B. -Something that struck me after a few
months was that the Technical Cooperation Programme was almost entirely reactive: donors
would make a suggestion and we would say
"yes" or "no"; developing countries would make
a request and we would try to raise the money.
But no WMO strategy existed as to how we
should move forward on a broad front to improve
meteorological and hydrological services in the
developing world. We made the proposal, which
Prof. Obasi accepted immediately, of a more
strategic approach to technical cooperation,
which would concentrate on establishing centres,
such as the African Centre of Meteorological
Applications for Development and the Singapore Centre in South-East Asia, and on capacity building in the long term, rather than on
instrumentation or whatever in the short term.
H. T. -You went on to become acting Deputy
Secretary-General. Going from a national
Service to the Secretariat of an international organization must have been quite a
change. How did you reconcile your national
feelings with your new role?
J.P.B. - Canada has an international approach
to its activities: we rely a great deal on our
international contacts in scientific and environmental fields to support our operational work,
augment our own studies and research and
provide the necessary cooperation. So it was
not all that difficult going from a national Service to WMO. Of course, I had also spent five
years on the Executive Council and as a VicePresident and knew the problems facing WMO
and developing countries.

J.P.B. -My involvement was in two phases:
first of all, getting the IPCC started in 1988.
The WMO Executive Council's call for such a
panel was supported by the UNEP Governing
Council. In November 1988, we had the first
formative meeting. Together with Prof. Obasi,
Dr Mostafa Tolba6, Executive Director of UNEP,
and others, I was active in formulating a strategy for the meeting and the structure we wanted.
I had previously helped the Secretary-General
establish a small secretariat, located at WMO
Headquarters and funded through a special
new trust fund. The Secretary, Dr N. Sundararaman, who has proved to be an excellent choice,
is assisted by an officer, Mr S. Tewungwa, seconded from UNEP. More recently, I have resumed
my close association with IPCC by serving as
eo-chair of Working Group Ill, which is concerned
not with scientific issues but with social and
economic ones. What are the costs of allowing
a climate change to proceed as projected? What
are the costs of emission-control programmes?
What are the costs of adaptation? What are the
social costs to people around the world? What
kind of equity issues are involved? Does this
generation have a right to leave a dangerous
legacy to future generations? Most of the emissions have come from the developed world; the
greatest damage on a per capita basis would
affect the developing world. How can we deal
with an inequitable situation like that and rectify
it to some extent through a climate agreement?
H. T. - You retired from the WMO Secretariat in 1989 and embarked on the third
phase of your professional life. Please tell
us what you did from that time on.
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J.P.B.- In 1990, I succeeded Prof. Ken Hare 7,
who retired, as chair of the Canadian Climate
Programme Board, which coordinates Canadian scientific and technical work on all aspects
of climate. The federal and provincial governments and a number of universities and privatesector agencies work through the Board. Also
in 1990, I was appointed chairman of the UN
Scientific and Technical Committee (STC) for
the International Decade for Natural Disaster
Reduction, which is the main advisory body to
the UN on how the Decade should be conducted.
I also served for several years on the International Geosphere-Biosphere Programme (ICSU),
and World Climate Research Programme "START"
Committee. This committee has been promoting the development of scientific expertise in
developing countries to address climate and global change issues and is now partly funded by
the Global Environmental Facility. Although an
extremely rewarding activity, I had to give it up
and also the chairmanship of the Scientific Advisory Committee to UNEP on the World Climate
Impacts and Response Strategies Programme
because of the extensive work involved in my
appointment in 1993 as eo-chairman of IPCC
Working Group Ill. At the request of WMO, I chaired
the Organizing Committee for the Intergovernmental Meeting on the World Climate Programme
(April 1993). I have also worked occasionally
as a consultant for various organizations, including both technical cooperation work and writing
booklets for WMO. I have been busy indeed.

H. T. - You are one of the rare persons
with extensive insight into the structure,
policy and activities of a national government Service and of international organizations. How do you see the role of each
of these components? Where are the main
areas of disagreement?
J.P.B. - I see international organizations as a
means of allowing national governments and
organizations to work more effectively together.
International organizations sometimes gain an
identity and direction of their own which can be
incompatible with that of national organizations,
but this is not a problem for WMO. One of the
most difficult issues facing all organizations is
the question of commercialization and privatization of government services. There is a global
7

trend to turn to the private sector or seek funding from external sources for what used to be
thought of as government agency services. This
will put an increasing strain on international organizations. In the case of WMO, it is particularly
critical, because meteorological services and
science depend absolutely on the free and open
exchange of data and information. That principle has to be preserved at all costs.

H. T. - How, in your opinion, can advanced
countries best assist developing nations?
J.P.B. -From observing the problems of developing and developed countries, I have come to
the conclusion that traeitional forms of technical assistance have not worked. External assistance is no solution. Not enough effort has gone
into improving the expertise in developing countries so that they may deal with their own
problems in their own way. The best assistance
is to improve their scientific and economic capability to manage their own affairs well. Outside
science, fairer trade is an important issue: the
prices of commodities produced by developing
countries are kept too low. Better prices would
help those countries open their markets and
improve conditions. The transfer of technology
at concessional rates would be extremely valuable in some fields. The trend towards greater
intellectual property protection on the part of
the industrialized countries seriously inhibits
economic development in the Third World. The
greenhouse-gas/climate-change issue is bringing
all these problems to the fore and, I hope, a more
equitable way of dealing with international issues,
which will permit developing countries to share
more fairly in the wealth of the world.

H. T. - Do you feel you have achieved most
of what you wanted to do?
J.P.B. - I never set myself any long-term goals
but always tried to do my best. I certainly set
myself a number of shorter-term goals, many
of which were achieved, such as the Great Lakes
Water Quality Agreement and the agreement on
reducing so2 emissions.

H. T. - Tell us about one of the most unforgettable events of your professional life .
J.P.B.- I have had the interesting experience
of bringing scientific knowledge to bear on the
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key environmental issues
of the past three
decades. Your question
brings many images and
events to my mind, such
as the signing of the Great
Lakes Water Quality
Agreement, and the
Villach Conference.
I remember vividly the
debates over the wording
of the Statement for the
scientific part of the
Second World Climate
Conference (Geneva,
October/November
1990), which lasted until
the early hours of the
morning.

Ottawa, August 1994- Jim and Ruth Bruce at home
Photo: H. Taba

H. T. -Would you like to say something
about your family?

H. T. -You are the recipient of the 39th
IMO Prize. How do you feel about it?
J.P.B. - I am honoured and proud to have been
awarded the 39th IMO Prize. Those who preceded me constitute a distinguished roster of
the world's greatest atmospheric scientists.
There has always been an argument as to
whether the IMO Prize should be given only to
scientists, or whether managers, administrators and policy developers should be recognized. I have never thought of myself as an outstanding scientist but I think I have made valuable
contributions in programme and policy development related to international meteorology and
hydrology and I am pleased that the WMO Executive Council has been willing to recognize such
achievements. lt is also an important step for
WMO to recognize someone who has spent
half his career on water-resource issues.

J.P.B. - I am delighted to have a chance to
say something about my family. They were
extremely supportive when I was travelling a
great deal and working long hours. My wife,
Ruth, and our four children have helped me in
many ways, including good suggestions and
comments. Since 1989, when I have been
working at home, Ruth has undertaken all the
text-processing, accounting and other office
activities. lt would have been impossible to do
without her strong support and the involvement
of my children and, now, seven grandchildren.

H. T. -Thank you, Jim, for this interview.
I am sure that your happy combination of
work and family will continue to be a
source of satisfaction and enjoyment.
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Professor Norman A. Phillips

Or Taba recalls:
lt was late autumn in 1953, when I first saw Norman Phi/lips at the International Meteorological
Institute, University of Stockholm, headed by
Car/ Gustav Rossby. I was a newcomer with little
education in meteorology at the academic level
and felt like a small fish lost in an ocean. Eminent
meteorologists and oceanographers, such as
Erik Palmen 1, T. Bergeron, H. Sverderup and S.
Petterssen, visited Rossby frequently. The United
States Air Force and Navy assigned somebody
to the Institute as a research worker or advanced
level student on an almost constant basis. One
day, Rossby informed us that he had invited
Norman Phi/lips to Stockholm to help devise a
computer program to forecast the weather by
numerical methods. In those days, computerized
numerical weather prediction (NWP) was the main
subject of interest at any high-level meteorological gathering. Upon hearing the name of Norman
Phi/lips, I envisaged a middle-aged or even elderly
scientist, similar to all the famous people I had
met during my short stay at the Institute. I was
most astonished, therefore, when I saw Norman.
He was 30 years old but looked much younger;
an impression accentuated by the red bonnet he
wore. His light complexion and short blond hair
made him look more Swedish than most Swedes!
Norman soon became a popular person at the
Institute. For the benefit of those readers who
are not familiar with Norman Phi/lips's professional life, here is a short biography.

Norman A. Phillips

Upon his return to the University of Chicago in
1946, the meteorological faculty, where Rossby
was chairman, was small. Norman obtained his
B.Sc. in 1947 and immediately started his postgraduate studies. His M.Sc. thesis with Palmen
in 1948 was "a synoptic paper describing the
subsidence of a cold dome". He obtained his
doctorate in June 1951 with a thesis on a twolevel model; George Platzman was his thesis
adviser.

Norman was born in Chicago, Illinois, on 9 July
1923. All his grandparents were immigrants from
Sweden and the Swedish community in which
Norman grew up was extremely conservative
and hardworking.
In December 1942, Norman volunteered to take
part in a programme for training as a weather
officer. Rossby, then at the University of Chicago,
had a large hand in setting up the programme
for the Army Air Corps. After a period of prescribed training in mathematics and physics,
Norman began, in the summer of 1943, the
meteorological programme. He was sent to
Eighth Weather Squadron based in the Azores
in the North Atlantic, under Major Arthur Peterson and Major Robert Hatch. Their forecasting
priority was for flights of C-54s, one of the
main transport planes in the Second World War.
Norman was commissioned in early June 1944,
shortly before 0-day in Europe.
1

Interviewed in WMO Bulletin 30 (2) (Ed.).

In 1950, J. Charney, R. Fj0rtoft2 and J. von Neumann published the results of the first NWP
using the Army's computer in Aberdeen, Maryland, for which they used a barotropic model.
At Jule Charney's invitation, Norman Phi/lips
joined him and van Neumann on the Electronic
Computer Project at the Institute for Advanced
Study in Princeton in 1951, where he applied
the two-level geostrophic model to a numerical
simulation of the general circulation. The results
2
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was a mixture of many nationalities, although,
at that time, black people had to live apart from
whites. I had one sister and a number of cousins.
At that time, our entire family lived within one
hour of each other, at most, by public transport.
My fathers' first job was as accountant for
the Illinois Railroad but he was laid off at the
beginning of the Depression. He eventually
became a travelling salesman, in spite of being
tremendously shy. Before marrying, my mother
worked as a seamstress for a while.

were encouraging. About this time, van Neumann
was appointed Atomic Energy Commissioner and
had to spend most of his time in Washington. Norman recalls a late spring day 'in 1956, when van
Neumann asked him to come and see him. For
two hours, they walked slowly around Massachusetts
Avenue, discussing the possible future of weather
forecasting. Norman says he felt like a sand/at
baseball team playing the New York Yankees.
Shortly after this, Norman and Chamey moved to
the Massachusetts Institute of Technology (MIT).
The early 1960s continued to be a period of progress in NWP. In Germany, in 1958, Karl Hinkelmann3, had already published the first results of
attempts at using primitive equations without
geostrophic approximation. J. Smagorinsky's4
group at the Geophysical Fluid Dynamic Laboratory were also early users of the primitive equations. These two groups were followed by Fred
Shuman and John Hovermale at the National
Meteorological Centre (NMC) in Washington,
where they developed a six-level hemispheric
model.

H. T. - You joined the Air Force Meteorology Programme in World War 11. Please
tell us about it.

In 1970, Henry Houghton retired and Norman
became Department Head at MIT. In 19 74, he
moved to the NMC, where he spent the last 14
of the 45 years of his professional life.
On the occasion of Tenth World Meteorological
Congress (198 7), Norman Phi/lips was invited
to deliver the sixth /MO Lecture. The subject of
his presentation was "Development of a scientific basis for weather prediction".

From 1948 to the early 1990s, Norman published numerous scientific papers, received many
awards and much recognition.
For as long as I can recall, the name of Norman
Phi/lips has been associated with that of Jule
Charney. The two scientists had a close working
and personal relationship. Both contributed outstanding services to meteorology in general and
to dynamic meteorology and NWP in particular.
I was happy to see and talk to Norman and his
wife, Martha, once again after so many years.
I particularly enjoyed the buffet luncheon Martha
prepared for us in the riverside garden of their
house in Merrimack, New Hampshire, USA, where
this interview took place in October 1994.

H. T. - Let us start this interview by your
telling us where you were born and something about your family_
N.A.P. - I was born in 1923 on the far south
side of Chicago. All four of my grandparents
had emigrated from Sweden in the late 19th
century. The neighbourhood in which I grew up
3
4
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N.A.P.- In 1941, I had been at the University
of Chicago for a year, intending to study chemistry, but had not really taken advantage of it.
Shortly after the USA entered the Second World
War, I heard about a military training programme
in something called "meteorology", a word that
was almost completely new to me. I arranged
to be drafted into the army with an option to
qualify for that programme. I was sent for several months of basic training at an Air Force
base in Mississippi and then for six months of
physics and mathematics at the University of
Michigan in a group of some 500 cadets. Our
class was then sent to an Air Force base in Illinois for studies in meteorology We had several
good teachers, although most of the instructors had finished the course only a year or so
ahead of us. lt was the first time that I felt really
enthusiastic about learning.
We were then sent to Weather Service
squadron or stations. The first one I went to was
McCook Field in Nebraska, where, for the very
first time, I encountered a steak that was more
than a quarter of an inch (approximately 6.5 mm)
thick! Later on, I was sent to Grenier Field, headquarters of Eighth Weather Squadron. lt was
directed by Arthur Merewether, who had been
head of meteorology for American Airlines. I was
then sent to a station in the Azores, where we
had to watch the weather over the Atlantic Ocean
for the incoming and outgoing flights.

H. T. - Did you ever go on any reconnaissance flights yourself?
N.A.P. - I went on several and this was how
I met Joe Smagorinsky, for whom I substituted
once or twice. lt was an impressive experience.
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differential Laplacian equation of geopotential to
measure relative vorticity.
H. T. - Did you have
any courses with
Rossby?

N.A.P. -I must have been
at the University for three
or four years before I had
a course with Rossby, who
Merrimack, New Hampshire, USA, October 1994- Norman Phillips on the terrace
was often in Sweden durof his home
ing the late 1940s. Each
Plwto: H. Taba
lecture was well presented
From weather maps at school, we had already
and made one enthusiastic and eager for more.
learned about cool and warm air, fronts and
But he did not seem to organize the sequence of
depressions, etc. When you are travelling through
subjects from week to week!
a frontal zone at a speed of 250 km per hour,
I did a master's degree thesis in 1948 under
everything is much more compressed and you can
Erik Palmen, in which I analysed the sinking shape
really see what is a discontinuity. We were seeof a cold air mass that accompanied a storm
ing these phenomena over a region larger even
formation over the mid-west. I was still entirely
than the forecast area covered by Weather
under the influence of the Norwegian school, in
Bureau. Later on, I was transferred to an adminwhich a frontal boundary was a complete extenistrative position and put in charge of communisive surface separating two distinct air masses.
cations and so had to learn codes and communication circuits.
H. T. -When did you start your Ph.D. work?
Incidentally, Martha and I married a few days
before the Japanese surrendered. We were on
N.A.P.- For a year or two I worked with H. L.
our honeymoon and, of course, we were not
Kuo on a navy research project of Rossby's. Kuo
reading the newspapers! We saw people dancwas writing his doctor's thesis on barotropic
ing all around us and church bells ringing and
instability. I was practising the relaxation method
were told the news.
and learning about Southwell's technique.
At that time, there was relatively little sciH. T. -When did you leave the Air Force?
entific literature apart from the Quarterly Journal and the Journal of Meteorology. Rossby was
N.A.P. -While in the Azores, I decided to go
back to school. I was thinking that one of the most just starting up Tel/us. Then somebody drew my
obvious ways to improve weather forecasting was attention to Charney's paper in Geophysiske
through statistics. In 1946, I left the Air Force and Publikasjoner. Of course, we knew of Charney's
thesis, although only few people understood
went to university, where I signed up for a statistics course. it was a difficult time, as many Gls the mathematics of it. Charney had presented
were returning and classes were full. I was fortu- a method of predicting large-scale motions when
nate to have Tjallings Koopmans, a Netherlander, the first barotropic forecasts were made. Then
I asked myself the question: why not try it with
as a professor. I believe he was later awarded
a simple baroclinic model? I was also inspired
the No bel Prize for Economics.
I took several courses in meteorology. Our by Rossby, who had used such models in his
professors were Horace Byers, Victor Starr and lectures. Eric Eady also published a paper while
I was working on my thesis. I corresponded with
a group of younger men, including George Platzman, Dave Fultz, Herbert Riehi5 and Verner Suomi6. Charney in the summer of 1952 and finally forVictor Starr was methodical, logical and far ahead mulated a two-layer model. The instability characteristics I derived seemed to match rather well
of his time. He taught, for example, the finite
with Eady's. I was not astonished but I was
elated. The thesis was written a year later and
5 Interviewed in WMO Bulletin 35 (4) (£d.)
6 Interviewed in WMO Bulletin 36 (4) (Ed.)
several two-layer models came out the follow-
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ing year. I was fortunate to have Platzman as
thesis adviser: George has the characteristic
of being accurate as well as being right.

H. T. - How did you meet Jule Charney?
N.A.P.- Early in 1951, I had seen how to apply
Charney's geostrophic theory to the motions of
a two-layer fluid system and had started to apply
this to a severe storm of November 1950. George
Platzman let Charney know about this and Jule
listened to my description when he visited Chicago. He invited me to join him in Princeton as
part of his meteorology group in von Neumann's
electronic computer project at the Institute for
Advanced Study. Martha and our two daughters
arrived in Princeton with me in September 1951.
Smagorinsky was also spending time at Princeton, as well as studying at New York University.
Or Harry Wexler, who was head of research in
the Weather Bureau, had been following Charney's ideas on numerical weather for several
years. lt was he who arranged for Smagorinsky
to go to Princeton in 1950 to learn more about
it. Charney usually had a visitor. When we first
arrived, it was Ragnar Fj0rtoft from Norway.
H. T. - What sort of models and what sort
of computer were used at Princeton?
N.A.P. - Jule's meteorology group first used a
barotropic model, from which he, von Neumann
and Fj0rtoft published their revolutionary 1950
paper in Tellus. When von Neumann's computer
at Princeton started running, we used two-level
and later three-level models. Von Neumann's computer was the first one which could be programmed to modify its own instructions, so that,
for example, one instruction could be used to
refer to a series of successive locations in the
memory. The arithmetic unit was based on radio
tubes, and the memory was a cathode-ray device
developed by Williams in England.
H. T. - At what stage of development was
NWP elsewhere during that period?
N.A.P. -When I arrived in Princeton, a plethora
of two-level models was being used. The people
working with Reginald Sutcliffe 7 in England had
finished geostrophic reasoning and ended up with
what Charney had done in 1948. Phil Thompson
developed a two-layer model in a slightly different
way. Eady did one by finite-differencing his
Boussinesq model.

In 1953, Fred Bushby at the British Met.
Office was using a computer owned by the Lyons
Tea Company to program a baroclinic geostrophic
model. Later that year, Rossby's International
Meteorological Institute in Stockholm began to
use the BESK, a computer similar to von Neumann's in Princeton. The Swedes began with a
barotropic model and, in early 1954, succeeded
in making the first numerical forecast in time to
be used for a real forecast. These three groups
were all close together in exploiting the new ideas.

H. T. -Whose idea was it to use a computer
in meteorology?
N.A.P. - I believe Charney credited Zworkin, Radio
Corporation of America, in Princeton, with the initial concept, although it was several years too
early to use Charney's geostrophic ideas. Von Neumann was quick to see that it was a natural problem for his new type of computer and encouraged
Jule along those lines. Rossby also thought well
of the idea.
In 1946, a meeting took place in Princeton
with von Neumann, Charney, B. Haurwitz, Starr
and Rossby, after which the idea of using a computer in meteorology for forecasting purposes
was more or less broached officially to the
meteorological establishment by von Neumann.
H. T.- Why and when did you go to Sweden?
N.A.P. - I went to Sweden to help program the
BESK for a barotropic model. I also taught at
Rossby's institute-you were there, Hessam.
Rossby had support from the Office of Naval
Research for his institute. There was always a
US naval officer there, such as Dan Rex and
Charlie Palmer, and, frequently, Air Force officers,
such as Harold Bedient.
I was in Sweden from August 1953 to January 1954. Everything came to a head in early
December 1953. Rossby had hoped to have it
done before he went with his wife on vacation.
But we made our first forecast and sent him a
telegram. We felt good about it and I am sure it
added to his enjoyment. Although the Swedes
could probably have done their programming
without me, it was exciting to feel that I was
playing a key role.
H. T. -You also did some work in London?
7
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Princeton computer console, 1953- (from left to right) Joseph Smagorinsky, Norman Phillips, Herman Goldstine
and Gerald Estrin

N.A.P. -On the way to Sweden, I stayed in London for two months at Imperial College. We had
already made two-level predictions in Princeton,
and I gave several talks on that but I spent most
of my time with Eric Eady. He was using a
computer at Manchester University to explore
the use of Fourier series in solving geostrophic
equations. He introduced me to R. Turing in Manchester and to M. V. Wilkes at Cambridge. Eric
was a stimulating man, in many respects. I also
met John Mason, Peter Sheppard and R. Scorer
at Imperial College and J. S. Sawyer and Fred
Bushby at the Meteorological Office.

H. T. - When did you conceive the idea of
working on your general circulation model?
N.A.P.- The idea came to me while i was in
England but, when I went back to Princeton,
some aspects of it were not clear in my mind.
In 1954, I suggested to Fj0rtoft and Charney
the idea of using a baroclinic model to simulate
the general circulation. We already had a good
idea of what the leading theoreticians and synopticians thought about how the general circulation worked. The explanation of surface westerlies in the general circulation had been the
main challenge for centuries. Everybody knew
that a direct circulation with the equatorial flow

would not produce westerlies and we needed
extra wheels to end up creating polar flow in
mid-latitudes. Charney was convinced that this
was a logical extension to the Princeton project
and one that I should concentrate on. I applied
the two-level geostrophic model to a numerical
simulation of the general circulation. The numerical calculations broke down after only 30 days
but they did verify the earlier conclusion that
surface winds would be from the west in middle
latitudes. They also showed that fronts would be
formed as a result of cyclogenesis. This was
opposite to the traditional Norwegian theory,
which considered that cyclones grew from instabilities on a pre-existing polar front.

H. T. -What was von Neumann like?
N.A.P. - Von Neumann was an amazing man
in his ability to grasp new ideas and their implications. He once asked me to describe the general circulation simulations that I had just completed on the Princeton computer and every once
in a while he would ask a penetrating question.
What impressed me was his ability to do this
while, at the same time, seeing to a large pile of
correspondence. I always found him to be
thoughtful and considerate of everyone, even
those of us whose intellect was far below his.
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H. T. -What about the Joint Numerical
Weather Prediction Unit?
N.A.P. - At Princeton, Jule and I worked on
barotropic and multi-level baroclinic models. The
first application was to the Appalachian storm
of 20 November 1950 (the storm on which I had
based my thesis). The barotropic and two-layer
results were not marvellous but, later on, Jule,
together with Fred Shuman and others, obtained
much better results with a three-level model. lt
is my understanding that it was this success
that convinced the Weather Bureau, the Air Force,
and the Navy to set up, in 1954, the Joint Numerical Weather Prediction Unit, headed by George
Cressman, which was the forerunner of the NMC.
I was an occasional consultant for the Unit
from 195 7 until the 1970s. One consequence of
this was that, when the time came for the Civil
Service to figure out my retirement pay, a clerk
added 15 years of service to my record, believing that I had worked full time for the JNWP. lt took
nine months to unravel the mystery, while Martha
and I waited anxiously for each mail delivery!
H. T. - When and why did you move to MIT?
N.A.P. - Von Neumann moved to Washington
as Commissioner for the Atomic Energy Commission, and it was clear that the computer project would come to an end. Charney decided to
leave Princeton and investigated several meteorology departments. MIT responded quickly and
with arrangements to Jule's liking. He asked me
to join him, and I was delighted to accept, of
course. We began work at MIT in mid-1956.

H. T. -Who were your colleagues?
N.A.P. -The main professors, in addition to
Charney, were Houghton (physics), Starr (general circulation), J. M. Austin (synoptic), H. C. Willett (climatology), D. P. Keily (instruments), F. Sanders (synoptic) and Edward Lorenz (dynamics).
Charney, Starr, Lorenz and I made the MIT
Meteorology Department pre-eminent in dynamic
meteorology. A few years later, Henry Stommel8
and Eric Mollo-Christensen joined us, and we also
became strong in physical oceanography.
H. T. -What can you tell us about some of
these famous personalities?
s Interviewed in WMO Bulletin 40 (2) (Ed.)

N.A.P. -Victor Starr was a quiet person, who
gave lectures of great precision. He also steered
many students into working on general circulation problems. WMO Secretary-General, Prof.
G. 0. P. Obasi, was one of his outstanding students. Lorenz was quiet but, when he started to
talk about a meteorological problem of interest
to him, his face became alive, and his eyes literally shone with enthusiasm. Stommel was a
special type of person. He had never worked to
a doctor's degree himself but helped many students reach that goal, both by intellectual and
financial support. I had some good students.
Among them, I must mention Bill Blumen, who
has served as Editor of the Journal of Atmospheric
Sciences for many years at the University of Colorado, and Tony Hollingsworth at the European
Centre for Medium-range Weather Forecasts at
Reading, England. Both of them have far surpassed me in what they have been able to do.
H. T. -Tell us about your work at MIT.

N.A.P. -When Rossby learned that my general
circulation computation had crashed, he asked
me a perceptive question. He said: "When you
started out, the whole problem consisted of
small, random irregularities. They are still random
but they are bigger. What is the difference?" This
puzzled me for a while but I finally came up with
a partial answer. I then started work on other
numerical problems associated with weather
prediction and derived the Sigma system, which
is used everywhere nowadays. A one-page paper,
it is, in some respects, the most significant I have
ever written.
Then I became interested in oceanography.
Jule had set up a series of seminars at Woods
Hole, Harvard, MIT and some other universities
every other week, so we had intellectual exposure
to a variety of different problems in geophysical
fluid dynamics. A young Scotsman, Allan lbbetson,
and I devised an experiment using a large rotating tank to demonstrate pure Rossby waves. The
apparatus was important for understanding the
group-velocity properties of Rossby waves and
this was the first time that had been shown in a
laboratory experiment. In the mid-1960s, I had
the good fortune to become acquainted with Waiter Munk. Waiter probably has a greater intuition
about the meaning and application of time series
and spectra in the geophysical sciences than anyone. I worked with him on a paper that explained
to some extent the character of the large peak
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in the spectrum of ocean currents at the local
inertial latitude. We showed that the peak should
occur at a slightly higher frequency and this prediction was verified by the current measurements being made by the oceanographers at
Woods Hole. Then I returned to working on NWP.

now been superseded by more sophisticated
techniques. I also dabbled a little in weatheranalysis techniques. All in all, I enjoyed my work
and the people at NMC and feel quite satisfied
with my contributions.

H. T. -To what extent were you involved in
the Global Atmospheric Research Programme (GARP)?

H. T. - When did you become Chairman of
the Meteorology Department at MIT?

N.A.P. - Henry Houghton retired in 1970. The
Dean asked me to be Chairman because, I think,
none of the other more senior professors would
agree. I accepted a five-year term, which was
considered normal. Since then, I think the typical
tenure has gone down to three years.
One of my achievements was to have Charney receive proper recognition as a name professor. He had been a name professor shortly
after he came to MIT but he had never benefited
from it. He now received some US $20 000 to
do with as he pleased and he used much of it to
build up the computing facility of the Department.
H. T. - Now we come to the next phase of
your professional life. You chose to go to
NMC, Washington. Why? How did MIT react?

N.A.P.- MIT reacted calmly: the administration
has a policy of never trying to outbid anybody,
although I was not leaving because of the salary.
The reason I left was because I saw the students
having all the fun doing research and I wanted to
do some more. I spoke to George Cressman and
Fred Shuman, who spoke to Bob White 9 . They
were all enthusiastic about my coming. They
gave me a good position as principal scientist
and I set my own tasks.

H. T. -What did your work at NMC consist of?
N.A.P. - I started work in 1974 with Ken Campana and Jim Hake (and, later on, with Jim Tuccillo) on a regional model nested into a hemispheric model, which was made operational in
1985. In 1979, I set up a program to generate
eo-location temperature statistics for polar
satellites with oceanic ship and island radiosondes. This was an attempt to improve the accuracy of satellite-temperature retrievals in cloudy
situations, where microwave channels were
necessary. lt was used for some years but has
9
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N.A.P. - Jule Charney, who was the founder of
GARP, asked me if I would work with him and
I accepted. As well as being co-editor of the
Journal of Atmospheric Science, I was Secretary of the IUGG/IAMAP International Commission for Dynamic Meteorology (ICDM), which
was focusing interest on the importance of the
tropics for a general circulation experiment.
From 1977 to 1983, I was also chairman of the
Global Weather Panel for the National Research
Council. For the last couple of years, we organized several workshops to evaluate what had
been accomplished by GARP and what remained
to be done. I wrote a theoretical paper, mostly to
convince the Weather Service, that objective
analysis was the right way to combine and make
use of satellite retrievals. I sent a copy to L. S.
Gandin, who corrected the Russian I used in
discussing certain features of the analyses.
H. T. - You wrote a paper on nuclear winter?
N.A.P. -Dick Hallgren talked me into becoming a member of the Joint Scientific Committee
(JSC) for the World Climate Research Programme.
George Golitsin and I had the job of writing a
summary of studies on nuclear winter. We met
together in London the following year and put
our thoughts together. lt was published by
WMO as a document but it contains no new
theory: it's a summary, for administrators, of
how two meteorologists interpreted the debate
about nuclear winter.
H. T. - Did you have any other particular
concern during your time on the JSC?
N.A.P. - lt soon became clear that the World
Climate Research Programme was a long-term
affair. What bothered me the most was the difficulty oceanographers were going to have in
modelling small-scale turbulent transport within
the ocean. Computers would eventually enable
them to handle both the Gulf-Stream eddy sizes
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Princeton computer room in 1952- (from left to right) George Platzman, Norma Gilbarg, Glenn Lewis,
Norman Phillips and Jule Charney

and the entire ocean-basin eddies. Nobody
knew enough about small-scale turbulence of
one metre and less to be able to parameterize
with confidence and make preliminary assessments of where C0 2 and methane were going
in the ocean, etc.

ably Gandin, G. S. Golitsin, A. S. Monin and A. M.
OboukhovlD from the USSR. I think the Commission played a useful role in focusing attention
on the importance of the tropics in global
weather experiments. Prof. Obasi headed one
ofour panels on that subject. My last major
assignment was as head of the US Academy
Panel on the Global Weather Experiment, beginning the year before the Experiment and lasting
until we had organized several working groups
afterwards to assess the results.

H. T. -You served on numerous committees, panels, etc. Please tell us about
some of your activities in this context.
N.A.P. - One of the first panels I served on was
a sub-panel of the President's Scientific Advisory
Committee in the early 1960s during J. F. Kennedy's presidency. Our chairman was John
Tukey, eo-inventor of the fast-Fourier transform,
that is now so important for global meteorological forecasting. We were asked to make recommendations on matters such as organizing
rocket and balloon ascents. Henry Houghton
had me serve as one of the two MIT delegates
to the Scientific Advisory Panel for the National
Centre for Atmospheric Research in Boulder.
This was sometimes a frustrating assignment.
The mission of the Centre had not yet crystallized and there were frequent questions about
that, such as: Was the Centre in competition
with university departments? How much was its
primary role to support the Departments by field
facilities and a large computer facility?
As Secretary of the ICDM, I met many
meteorological colleagues from abroad, not-

H. T. - You were elected a member of the
National Academy of Sciences in 1976.
I believe this is an influential position for
the funding of scientific activities?
N.A.P. -The main mission is to respond to
specific studies that are requested and funded
by parts of the executive branch of the government and for Congress. The most popular documents are three- or five-year updatings of diet
suggestions for farm animals. lt does a great
deal of good work. Frank Press has recently
been trying to obtain an endowment so that the
Academy has enough money of its own to sponsor studies-by the Academy itself. The National
Research Council is the executive arm, which
organizes all the meteorological committees.
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Interviewed in WMO Bulletin 37 (2) (fd.)

H. T.- You have received many awards
and recognitions. Can you mention some?
N.A.P. -The ones I remember are: the Napier
Shaw Prize, Royal Meteorological Society (1956);
the Meisinger Award, American Meteorological
Society (1960); the Editor's Award, American
Meteorological Society (1969); Rossby Award,
American Meteorological Society (1971); my
election to the National Academy of Sciences
(1976); the Administrator Award, National Ocean
and Atmospheric Administration (1981); Gold
Medal, Department of Commerce (1988); and
the Award for Outstanding Contribution to the
Advance of Applied Meteorology, American
Meteorological Society (1989).
H. T. - How have meteorological education
and training evolved since you were a
student?
N.A.P. - My main experience of meteorological students was at MIT, where all were graduates and highly specialized. Nowadays, I think,
students are more prepared in mathematics at
the graduate level. As regards physics, they will
have had some exposure in their undergraduate days to atomic and molecular theory but
less classical thermodynamics. Twenty years
ago, students had to brush up their classical
thermodynamics. On the other hand, if today's
students are going to study radiation, they
need much more molecular and atomic theory
than we had. In the future, of course, lie computers and graphical displays.

H. T. -In your opinion, what sort of meteorologist is needed these days?
N.A.P.- The great demand is for people who
know something about both synoptic and dynamic
meteorology. While a station forecaster need
not understand the latest theoretical papers,
he or she should have some idea of the numerical forecasts behind the operational weather
forecast coming from the machine. They should
have a feel for when the machine is likely to
have difficulties doing a good job and an idea
of the validity of the machine products. On the
other hand, the theoretical person needs some
exposure to weather maps and weather patterns,
in order to recognize what problems exist and
what techniques are appropriate to solve them.
That has always been true to some extent but
more so now. Before, as when I was a student,

it was relatively easy to be familiar with both
synoptic and dynamic meteorology, descriptive
and theoretical meteorology. Nowadays, one
needs to find the time for enough exposure to
both fields.

H. T.- What are your thoughts on climate
and climate variations?
N.A.P. - I can safely say that von Neumann's
definition of the problem is not turning out to
be correct. He said the easiest forecast would
be a short-period one, the next easiest would
be of the steady-state equilibrium and the most
difficult would be a medium-range forecast. In
fact, the final steady-state-the real climaterequires information that we can only obtain confidently by extending the medium-range forecast. General circulation models will rely greatly
on having their forecast skill tested in the intermediate medium-range. Miyakoda's approach at
Princeton, supplementing Manabe's, is that operational medium-range models are the standard
against which the climate models have to justify
themselves. Some of the questions are extremely
difficult to answer. The increase in C0 2, for example: what is the effect on clouds? The clouds are
a more important part of the thermo-regulatory
mechanism of the atmosphere than C0 2 itself,
because C0 2 is important only where it sneaks
in between the gaps in the water vapour spectrum and the clear gaps between the clouds.
There has to be a healthy, strong exchange of
ideas and methods between operational predictions at the extended range and climate models.

H. T. -What are you doing nowadays?

A bird feeder suspended in the Phillips's riverside garden
Photo: H. Taba
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of literature is available. In 1990, I prepared the
"Biographical memoire of Jule Charney", which
will be published in the Biographical Memoires
of the National Academy of Sciences (Vol. 66). I
also play the horn in the town band, a hobby I
have had since high school.

H. T. - Would you like to say something
about your family?

Norman and Martha Phillips

N.A.P. - I go to MIT occasionally. They have
graciously provided me with a desk that I share
with someone else. Some years ago, I spent
time reading for a seminar paper on the emergence of quasi-geostrophic theory. lt required a
great deal of time, but I took advantage of the
library that Jule and I set up, where a great deal

N.A.P. - Martha and I have been married for
50 years. We have three daughters and five
grandsons and we see them fairly often. They
grew up in New England and stayed when they
married, so we moved back here upon my
retirement in 1988. We are both active in community organizations; for example, we are both
officers in the local chapter of the American
Association of Retired Persons.
H. T. -Thank you, Norman, for having
accepted to give this interview. I enjoyed
seeing you and Martha once again and it
was a pleasure talking to you.
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Sir John Mason

Dr Taba recounts:
On 29 March 1950, B. J. Mason from Imperial
College of Science and Technology, London,
addressed the centenary celebration of the
Royal Meteorological Society on the subject
"The formation of ice crystals and snowflakes".
John Mason was only 26 years old, yet he was
already known in the scientific community. I happened to be in London at that time, attending a
forecasting course, organized by the Meteorological Office training school, in Kingsway.
Although I saw John only briefly, I was impressed.
Robert Watson-Watt was the President of the
Society and most of the great names of the
meteorological world, such as Car/ Gustav
Rossby, Erik Palmen, Jacques van Mieghem
and Svere Petterssen, were also attending the
celebrations. I thought John must have been
proud to be among such luminaries.
Another important event in his early professional
career took place the following year. The British
Association met in Edinburgh; the Duke of
Edinburgh was President and Sir David Brunt
was President of the Physical Section. The Duke
of Edinburgh wished to attend one of the 350
lectures and Sir David advised him to choose
Mason's lecture on rainmaking. Mason was
informed a few minutes before the lecture and
was warned not to go a moment over the time
allotted as "The Duke's timetable was at 30second intervals throughout the day". John
showed his last slide right on time, aware that
everybody, with the exception of the Duke, was
becoming extremely agitated.

Sir John Mason at Imperial College, London, during his
interview in November 1994
Photo: H. Taba

own choosing. Having learned about the the
first cloud chamber experiments by Prof. Dobson
at Oxford, and influenced by wartime experiments in Germany and later by Langmuir's work
on seeding supercooled clouds with dry ice,
John decided that cloud physics would be the
right field for him. He decided to investigate the
physical processes involved in the formation of
clouds, rain and snow.

I next saw John in 1954, when he and his wife
were visiting Rossby's Institute in Stockholm.
The two men formed a firm friendship, based on
mutual admiration and understanding.
John Mason was born in August 1923. In 1941,
he graduated from secondary school and went
to the University of Nottingham to study physics
and mathematics. In 1944, he was called up by
the Royal Air Force. After the usual six weeks
training course, he was commissioned and his
first job was as Chief Instructor at the Fighter
Command Radar School. He was sent overseas
to India and Burma and, at the end of the war,
he was Flight Lieutenant in the Radar Branch.
He returned to the University of Nottingham and
graduated with a first class honours degree in
194 7. After one year as a research fellow at
Nottingham, he went as lecturer to the postgraduate Department of Meteorology at Imperial College. Sir David Brunt advised him to
develop an independent line of research of his
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In 1951, John made his first visit to the USA on
a Rockefeller Foundation travelling fellowship.
Over the next few years, he delivered numerous
lectures from coast to coast and mediated in
various disputes concerning the feasibility and
effectiveness of rainmaking. The crowning accolade of these visits was his appointment as visiting professor of meteorology at the University of
California (1959/1960). Upon his return to England, John was appointed first chair of cloud
physics at Imperial College. He was also the last
person to occupy that position!
The second phase of John's career started in
October 1965 with his appointment as DirectorGeneral of the United Kingdom Meteorological
Office. He became responsible for an organization of some 3 800 at a time when meteorology in general, and weather forecasting in particular, was entering a new era following the

discovery of weather sate/lites, electronic computers and numerical weather prediction. He
took with him his research group from Imperial
College and Mason launched a campaign to
recruit more young scientists. Under the guidance of the existing highly professional and dedicated staff, these new recruits began a programme to modernize the Service and, above
all, to expand research. Whenever John speaks
of his time at the Meteorological Office, it is with
palpable affection. During our interview, he frequently referred to, and emphasized the importance of, the support he had received from his
staff and singled out several collaborators to
whom he wanted to express his gratitude. I apologize if I do not recall all their names. On the
research side they included four fellows of the
Royal Society: J. S. Sawyer, R. Hide, F. Pasqui/1
and K. A. Browning. On the operations side there
were his deputies P. J. Meade, J. K. Bannon, G. A.
Corby and F. Bushby. In John's opinion, one of
the greatest strength of the Meteorological
Office was the close integration of operations
and research, with a two-way migration of staff
between the two, and the recruitment of so many
able young scientists.
While Permanent Representative of the United
Kingdom with WMO, John served for many years
as a member of the then WMO Executive Committee. As such, he was extensively involved in
the planning and implementation of a number
of major international programmes, such as the
World Weather Watch, the Global Atmospheric
Research Programme and the World Climate
Research Programme. When I was Director of
the WMO Education and Training (ETR) Department, I enjoyed tremendously my contacts with
John Mason. As teacher, university professor
and head of one of the most advanced Meteorological Services in the world, he was well placed
to guide the WMO ETR Programme. Many meteorologists currently working in developing countries have been trained by the services offered
by the United Kingdom Meteorological Office.
The third and present phase of John Mason's
career started in 1983, upon his retirement from
the Meteorological Office. One of his major postretirement achievements was an Anglo-Scandinavian research programme on acid rain, involving
the participation of some 300 scientists from
30 institutions in three countries.
In 1965, Mason was elected a fellow of the Royal
Society and received the Charles Chree medal
of the Institute of Physics. He served as the
President of the Royal Meteorological Society
(1969-1971), President of the Institute of
Physics (1976-1978), President of the British
Association (1983) and Treasurer and Senior
Vice-President of the Royal Society (1976-1986).
He has been Chancellor of the University of
Manchester Institute of Science and Technology
since 1986, President of the National Society
of Clean Air (1989-1991) and is currently senior
adviser to the Global Environment Research Centre at Imperial College.

As we// as many honourary degrees, John has
received the Glazebrook Medal of Institute of
Physics and the Symons Memorial Gold Medal
of the Royal Meteorological Society. The Royal
Society has honoured him with the Rumford
Medal, the Bakerian and Rutherford lectureships
and the Royal Medal for his research into cloud
physics and his scientific leadership of the
Meteorological Office. He was appointed Companion of the Order of the Bath in 1973 and
was knighted in 1979.
His qualifications and achievements apart, the
most outstanding quality and characteristic of
John Mason is perhaps his extreme frankness.
He expresses his opinions so forcefully that, at
times, it borders on the aggressive. This propensity, combined with a tall frame and military bearing, however, belie a friendly, kind and helpful
nature and a great sense of humour.
it was a great pleasure for me to see John again
after many years. He has no intention of retiring
so I shall content myself with sending him and
his family my best regards and wishing him a
happy and successful continuation!

This interview took place at Imperial College, London, in November 1994.

H. T. - Could we start this interview by
your telling me the date and place of your
birth, your childhood and something about
your parents?
B.J.M. - I was born on 18 August 1923 in Norfolk on the east coast of England. My father was
a farmer and my mother a schoolteacher. By the
time I started at the village primary school, when
I was four years' old, I could read and knew my
arithmetic tables. At the age of 11, I won a scholarship to the local grammar school, where I specialized in physics, mathematics and biology.

H. T.- What about your university studies?
B.J.M. - In 1941, I won a scholarship to the
University of Nottingham, which awarded external degrees from London University. I read
physics and mathematics but, after two years,
early in 1944, I was called up by the Royal Air
Force. In 1946, after the Second World War,
I returned to finish my B.Sc. I subsequently won
a fellowship to do research on surface physics
at Nottingham and completed my M.Sc. in the
beginning of 1948.

H. T. -What did you do in the Air Force?
B.J.M. - I joined the radar branch and became
chief instructor of the fighter command radar
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school. There were virtually no manuals and I had
to work late into the night, seeing how they functioned so that I could teach the students the next
day. Towards the end of the War I was posted
to the Far East. For 14 months, I was in charge
of radar signals and telecommunications for
the RAF in the Netherlands East lndies at the
tender age of 21!

H. T. - When did your career take a turn
towards meteorology?
B.J.M. -Sir David Brunt, who was head of the
Department of Meteorology at Imperial College,
London, was anxious to launch research work
and advertized for a lecturer in experimental
physics. I liked the idea of going to London so
I applied for the job and had an interview. Sir David
offered me the job and that is how I started,
even though I knew nothing about meteorology!
H. T. - What research did you decide to do?
B.J.M.- In Germany, during the war, Findeisen
had worked with cloud chambers. Langmuir had
made his discovery with dry ice in 1946 and the
first cloud-seeding experiments had been made.
In 1948, news was beginning to filter through
about rainmaking in Australia and the USA. Other
work on cloud physics was being carried out at
Oxford around 1948-1949 by Cwilong and
Palmer. I decided that this was an area for me
because it was physics rather than meteorol- '
ogy. My first paper, published in 1950, was on
ice nuclei and in it, I tried to interpret the results
that Findeisen and the Oxford group had obtained.
My second, in 1951, was on ice crystals.

H.T.- Who were your colleagues in the
Department of Meteorology at Imperial
College and how did your research group
form?
B.J.M. -When I joined, the faculty consisted of
Sir David Brunt, Peter Sheppard, M. K. Miles, Eric
Eady and R. Scorer. I was on my own for a year
and then research students began to come. Frank
Ludlam joined a little later; a remarkable observer
and interpreter of clouds, from whom I learned a
great deal. In 1951, Sir David Brunt, who was
president of the physics section, arranged for
me to give a talk to the British Association in the
presence of the Duke of Edinburgh. I talked about
rain and rainmaking and it had a powerful effect.
From all over the world, people asked me to lecture and students asked if they could come and
work with me. One of these was John Monteith
now a Fellow of the Royal Society, who was in '
the audience and became my first Ph.D. student.
H. T. -How did your group and your position within it evolve?

B.J.M.- Miles left us for the Met. Office and
we were joined by R. Goody. Sir David retired
and was replaced by Peter Sheppard. Goody
left soon afterwards for the USA; and Scorer
went to the Mathematics Department. I received
a special Royal Society appointment called a
Warren Research Fellowship at Associate Professor level, which enabled me to do my own work
without any other responsibilities, so I had a
great deal of independence. At the same time
with a grant from the Rockefeller Foundation'
I set up an inter-departmental research pro- '
gramme in Imperial College on the physics of
~-~~;;-------~-...,.,.,~~
water and ice, which
I directed, as well as the
cloud physics group. it
also enabled me to visit
the USA extensively every
two years.

H. T. - You worked for
some time on the theory of thunderstorm
and electricity. Could
you please tell us
about it?
Geneva, June 1966- John Mason at his first session of the WMO Executive
Committee with Dr D. A. Davies, Secretary-General
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B.J.M. -There was no
satisfactory explanation

of how electricity was generated and separated
in clouds leading to lightning. In 1952, I drew
up a list of six or seven criteria that any satisfactory theory of thunderstorm electrification
would have to satisfy and attributed numbers.
I then examined each theory of thunderstorm
electricity which had been put forward against
these criteria and found that they were all far
too slow-sometimes by three orders of magnitude-to account for the charging rates
which were actually observed in lightning. I published a paper in 1953 and spent much of the
rest of my career in cloud physics producing
theories and testing them in laboratory experiments with wind tunnels, etc. We now have
enough aircraft observations to show that the
electrification is associated with the production
of soft hail in supercool clouds. I encouraged
scientists, particularly the Manchester group,

time giving students their head. He drew the
best from young people, capitalizing on their
strengths and diminishing their weaknesses. He
commanded loyalty. My father died when I was
only 13 and when Rossby died I felt almost as
if he were my father. He was the role model
I tried to follow.

H. T. -Tell us about your book The
Physics of Clouds, which was something
of a landmark.
B.J.M. -In the 1950s, there was no textbook
on cloud physics. I set out to write a connected
account of the observational, experimental and
theoretical work that had been done. it was a
daunting task-about 500-600 pages-but a
rewarding challenge. it was hard work, as there
were no word-processors, no computer litera-

Meeting of Directors of European Meteorological Services in Bracknel! in 1969

led by my old student, John Latham, to work on
this. I have taken it up again since I have retired
and published a paper in 1988.

H. T. - Rossby was an important influence
in your life?

ture searching. The first edition came out in
195 7. I re-wrote it in the late 1960s and the
second edition came out in 1971. Some 11 000
copies were printed in two Chinese editions. it
was also translated into Russian.

B.J.M. - Rossby invited me to Stockholm in
1954 to give a series of lectures on cloud
physics. My wife and I went for six weeks. Rossby's enthusiasm was such that it inspired others.
He was a great man as well as a great scientist
and I learned a lot from him of how to treat and
manage people, particularly young people. If
he thought you were good and interested, he
would make you feel you were important. He
would talk to me as though I were on the same
level. He knew how to lead, while, at the same
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H. T. -You wrote another book Clouds, Rain,
rainmaking in 1962?
B.J.M.- That was a popular edition, condensing basically what was in the first book but at a
level I thought appropriate for undergraduate
students. it sold well, went into paperback, selling 15 000 or more copies. I wrote a second
edition in 1975. I made no money out of writing these books, which were translated into
several languages, including Japanese and
Spanish, but derived much enjoyment.

H. T. -You then went to teach in the USA?
B.J.M. - In 1959, I received an invitation from
Prof. J. Bjerknes at the University of California
in Los Angeles (UCLA) to go as a visiting professor for one year. I substituted for Prof. M.
Neiburger, who was spending a sabbatical year
in Europe. I took over his lectures in physical
meteorology, including cloud physics and supervised his three research students, one of whom
was Hans Pruppacher from Germany, who later
became a full professor at UCLA. We started
to use computers for modelling work and published a few papers together on the mixing
between clouds and the environment and the
development of drop-size populations in clouds.

H. T. -What happened upon your return to
England?
B.J.M. -When I came back from the USA in
1960, it was with many offers of jobs. Imperial
College and the Royal Society were afraid that
I would accept one of them and return to the
USA. Lord Blackett, the Nobel laureate, was
head of of the Physics Department. He offered
me the post of professor of cloud physics in
his department with the rest of my group as a
sub-department. I was the first and last professor of cloud physics in the world (perhaps one
was enough!). The college provided me with
extra laboratory facilities and three full-time
faculty members and we expanded to about 20
people, including some 10 post-doctorate students. We had the largest physics class and
some of the brightest students in the country.
I gave one course in cloud physics and one in
classical physics in order to attract research
students.

H. T. - Before we leave this phase of your
professional life, I would like you to summarize your achievements and your
feelings about Imperial College.
B.J.M. - My first job was at Imperial College
for 17 years and, upon my retirement from the
Met. Office, 11 years ago, I came back here. lt
has been an important part of my life and I have
great affection for it. I had a completely free
hand in building up my own research group
there and was supported in every way possible.
I had some marvellous students: 17 became
full professors and two became fellows of the

Royal Society. The subject was in the early
stages of development with modest resources.
Our experiments were small but we discovered
something new in almost every one of them.

H. T. - Now we come to the second phase
of your career when you became DirectorGeneral of the Meteorological Office. When
I heard, I could not believe that a university professor would leave academic life
to take up a civil service position. How did
it come about?
B.J.M. - I was probably as surprised as you
were. Lord Shackleton, Minister of the Royal
Air Force in Defence asked me whether I would
be interested in becoming Director-General of
the Met. Office on the retirement of Sir Graham
Sutton. I told him I wanted to discuss it with
some of my senior colleagues, such as Lord
Blackett, and with my wife, but agreed to be
interviewed by the Board which would be responsible for making the appointment.

H. T.- What was the interview like?
B.J.M. -Unbeknown to me, I had just been
elected to the Royal Society. The Vice-President of the Society was there, and he congratulated me, so I was off to a good start. I was
frank and told them what I thought the strengths
and weaknesses of the Met. Office were.

H. T. -What made you accept the offer?
B.J.M. - I could see that cloud dynamics was
the most important area and that there would
be a revolution in meteorology brought about
by satellites, computers and new technology.
The necessary dynamical research could not
be done in a university environment, however.
What was needed were the resources of the
Met. Office. I wanted to have a major part in
that and that was really what decided me. When
they rang me the next morning to offer me the
job, I accepted. The Board wanted me to say
I would go for 10 years. I agreed, provided all
went well, but said that I wanted to build up the
Met. Office, to be not the biggest Servicealthough it already had 3 850 people-but the
most technically advanced and efficient in the
world. In the end I stayed 18 years. lt was the
best decision I have ever made.
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H. T - What changes did you wish to make
at the Met. Office?
B.J.M. -The Met. Office had a solid core and
research had been built up under Sir Graham
Sutton but it was rather bureaucratic. There
was enormous potentiai-John Sawyer, for
example, had a greater understanding of meteorology than any other person I have ever metbut I felt the staff on the operational side were
lacking in confidence. They needed encouragement and leadership.

H. T - What do you consider to be your
greatest contribution to the Met. Office
during your time as Director-General?
B.J.M. - I was dismayed to discover upon my
arrival that virtually no young scientists had been
recruited for years. The year before, only two
people applied to join the Met. Office. In my last
year, 861 mathematicians and physicists applied.
As Director-General, I supplied the facilities, the
computers, new buildings, the college, investment in satellites, etc. The bright young people
who were attracted to the Met. Office made
the changes and brought it to the top. Many of
them became outstanding figures in numerical
weather prediction, climate modelling, etc. We
had a better record in recruiting young people
than any other Meteorological Service in the
world and their quality was extremely high. One
year, we had more applicants for the Met. Office
than the whole of the scientific civil service put
together. I consider that to be my greatest
contribution.

H. T - How long after your arrival did you
start operational numerical weather
prediction?
B.J.M. - I arrived on 1 October 1965 and we
made our first fully operational numerical forecast one month later. I had talked to all the heads
of divisions and senior scientists and they had
shown me the three-level model and some of
the forecasts, particularly wind forecasts for
aviation. Looking at the statistics for winds over
the Atlantic built up over a trial period, it was
clear that the results from the numerical model
were better than from ordinary empirical forecasting. I decided to take this forecasting out
of research mode and into real-time. We had a
huge press conference and made a big show

for radio and television. We produced one of
the best forecasts ever on the actual day and
never looked back.

H. T -When Fifth World Meteorological
Congress met in Geneva in 1967, the first
plans for the World Weather Watch were
made and Bracknell was designated a
Regional Telecommunications Hub. What
role did you play in shaping events?
B.J.M. - I had already made up my mind that
I wanted Bracknell to be a Regional Telecommunications Hub and a Regional Meteorological
Centre and that we would take full part in all
the aspects of the World Weather Watch. I had
persuaded the Government to give me the money
and a new building. I was heavily involved afterwards in the planning of the World Weather Watch
and other major programmes which followed.

H. T - During this period, some of the European nations conceived the idea of setting
up the European Centre for Medium-range
Weather Forecasting. How did it come to
be at Bracknell?
B.J.M. -Every year, the European directors of
meteorology had a meeting in a different place.
One year they came to Bracknell and saw the
new Richardson wing and our computers. That
set them thinking about having a centre for
western Europe. A number of sites were offered
and investigated, including Bracknell. At first,
the directors were against the idea of having
two centres in the same place. Then they realized that it would be a slow and difficult process to build something completely new. Only
Bracknell had the space and scientists available. Finally, Bracknell was chosen by a majority of more than two-thirds in a secret ballot.

H. T -Was it easy after that?
B.J.M. - lt was then up to us to do everything
in our power to make a success of it. I talked
to Prime Minister Edward Heath and won his
support. We had to have a special bill passed
in Parliament to build a building for a foreign
institution. Then we had problems about whether
the staff would pay income tax, etc., but we
overrode the Treasury's objections. To start
with, two-thirds of the scientists were seconded
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John Mason (jar left) relaxes with Dr E. Sussenberger (Germany), Dr J. Kuettner (USA) and Dr Robert White (USA).

from the Met. Office. We still have staff there
but the Centre has become more international.
lt might seem strange to have the two most
powerful computers and the two largest centres
for numerical weather prediction 10 km apart,
but in fact it works extremely well and the Centre
has been highly successful.

H. T. - Could you make a few remarks
concerning the time when you were on the
Executive Committee of WMO?
B.J.M. -That was an exciting time, because it
covered the period of the revolution in meteorology and WMO had to react to this. WMO
became much more involved in the science of
meteorology, as opposed to the day-to-day operations, than it had ever done before. Alf Nyberg1
of Sweden was President of WMO at the time
and I enjoyed working with him enormously. Dr
Robert White 2 from the USA and Academician
E. K. Fedorov3 from the USSR and I worked hard
planning the World Weather Watch and GARP and
involving WMO in the scientific aspects. WMO
was the least politicized of the United Nations
specialized agencies. The 24 members of the

1
2

3

Interviewed WMO Bulletin 33 (3
Interviewed WMO Bulletin 30 (1)
Interviewed WMO Bulletin 30 (4)

Executive Committee could all sit round the
table and enjoy frank but friendly discussions.

H. T. -You were involved in the WMO GARP
Atlantic Tropical Experiment (GATE). Please
tell us about it.
B.J.M. - GATE was the largest international
field experiment ever. Its aim was to study the
interaction between the meteorology of the
tropics and the rest of the globe, the exchange
of heat and moisture between the tropical oceans
and the atmosphere. We decided that the first
experiment would be carried out in the eastern
part of the Atlantic off West Africa. lt involved
some 39 ships from different nations, about
13 major aircraft and 5 000 people for 100
days in 197 4. I was the chairman of the Board
of Management to plan this experiment and the
field director was Dr J. P. Kuettner4 from the
USA. lt was run like a military operation and
went remarkably well. A vast amount of data
was obtained from the oceans and the atmosphere on the structure of the tropical atmosphere, particularly the precipitation from the
predominant large convective cloud systems.
Many scientific papers resulted. At Bracknell,
we used the synoptic data in real-time to make
the first tropical numerical forecasts.
-4
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Interviewed WMO Bulletin 38 (4)

H. T. -You saw several innovations in WMO?
B.J.M. - ICSU was involved in GARP, bringing
in the academic meteorologists from all over
the world and that was a new departure for WMO.
Some people wanted to keep the academic and
operational meteorology separate but it was
clear to me and to Dr White that we could not
do without the academic meteorologists who
were dominant in the USA, as opposed to the
Weather Service. Oceanography also began to
come into WMO through the WWW and GARP and
I also think it was good for WMO that operational hydrology came from UNESCO. The responsibilities of WMO have widened a great deal.

H. T. - What were your feelings when you
left the Met. Office?
B.J.M. - I had been made many offers with
high salaries but I loved my job at the Met. Office.
I was totally independent and the staff were marvellous-five were fellows of the Royal Society,
more than in any other government institution.
They all supported me and made my life a real
pleasure. I did not want to leave, but 60 is the

compulsory retirement age in the British Civil
Service. lt was a great wrench. I have kept in
touch but the changes have been enormous.
I missed the Met. Office and still do.

H. T. - Now we come to the third phase of
your professional life. What did you do
after your retirement from the Met. Office
in 1983?
B.J.M. - I came back to Imperial College the
very next day after my retirement from the Met.
Office so that I would not have time to brood.
I directed the Anglo-Scandinavian Acid Rain Project called SWAP, which had been planned in the
preceding months. Norway and Sweden were
worried about the acidification of their lakes and
depletion of the fish stocks, which they attributed
to acid rain. Because of the prevailing wind, they
said that much of it came from the United Kingdom and were applying great pressure on the
Government to act. Prime Minister Margaret
Thatcher was not prepared to remove the sulphur dioxide and hydrogen oxides from the
power stations (which would have cost hundreds
of millions of pounds) without scientific evidence.

Bracknell, United Kingdom, October 1972- With Prime Minister Edward Heath (left) at the opening of the
Meteorological Office Richardson Wing

346

I was asked if, given the necessary funds, the
Royal Society would be prepared to supervise
a completely independent scientific assessment.
I agreed, in principle, but said the Norwegian
and Swedish academies would have to be
involved in supervising the project, and so we
set up a tripartite programme, with the money
coming from the United Kingdom. We had several field sites in Scandinavia and three in Scotland. For six years, we looked at the meteorology and the hydrology, soil, river and lake
chemistry, the physiology of the fish, etc. I controlled the funds, placed the contracts and
designed the strategy of the experiment. lt was
90 per cent chemistry and biology and I hadn't
studied chemistry even at school. We had 300
scientists from 30 institutions in the three countries and I worked two days a week with a parttime secretary. lt was extraordinarily successful. In the end, we had a big conference at the
Royal Society and the three prime-ministers
came. I edited all the papers presented into a
large book. I recently published a small book,
containing my personal account.

H. T. - Could you say a few words about
CO MESA?
B.J.M.- COMESA, Committee for the Meteorological Effects of Supersonic Aircraft, was a
1970s study of the effect Concorde and other
supersonic aircraft would have on the stratosphere. We collaborated with France and the
USA and researched the problem intensively.
Some people had said that, in the unlikely event
of 500 Concordes flying a day, the ozone would
be reduced by 20 per cent. Our research indicated that the ozone would be reduced by 0.5
per cent and the American research said about
1 per cent. So Concorde obtained its certificate to fly to the USA.

H. T. -You are an outspoken person. Has
that caused you any difficulties during
your career?
B.J.M. - I may be outspoken but I am frank.
I prefer to tackle people directly rather than
criticize them behind their backs. Mrs Thatcher
was an outspoken person herself and she
respected me for it. What makes me angry are
people who seek power without doing anything
for the science or who tell the real scientists
what to do, and those who can't distinguish

between their personal ambition and science,
who make claims which can't be justified on
scientific grounds, in order to obtain funds or
promotion. This harms the subject and I am hard
on people like that.

H.T.- Do you have any specific examples?
B.J.M. -The rainmaking charlatans in the
early days, for example, made huge, impossible claims for increasing rainfall by 400-500 per
cent and thus brought meteorology into disrepute. Respectable scientists should be much
more critical. I was strongly opposed: the possibilities of rainmaking were limited and the figures outrageous. I always believed that the
amount of rainfall, its intensity and distribution
were dominated by the dynamics rather than
the microphysics. I could not believe that small
quantities of dry ice were going to make any
change to the dynamics of the situation. I was
a lone voice for quite a long time.
Other examples have been exaggerated
claims for long-range forecasting, the ozone
scare related to supersonic aircraft in the 1970s
and now global warming and climate change.
A good scientist has to be careful. One of the
most valuable contributions I hope I have made
for meteorology (particularly as Director-General
of the Met. Office) was to take this critical,
rather conservative line, insisting that the best
science be done but never promising more than
could be delivered. Let the science speak; the
science must not be trimmed to fit the politics
or pre-conceived ideas. If claims are made
which cannot be substantiated by science or
the analysis is deliberately distorted, then we
are in serious trouble and we have to fight.
H. T. -You are the Chairman of the British
Physics Olympiad. What does that mean?
B.J.M.- Young people, mainly 16-18 year olds,
enter a national competition in physics comprising two or three written papers and a practical experimental programme. About 10 gold,
20 silver and 50 bronze medals are awarded
and the top six are selected for an international
olympiad, in which 30-40 countries participate.
I present the medals and raise the funds to
send them to wherever the olympiad is taking
place. In my first three years as chairman, we
won the international gold medal twice (no
credit to me, of course!).
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Introducing guests to HM Queen Elizabeth II at the Royal Society, with his wife, in 1981

H.T.- What do you have to do in order to
be elected to the Royal Society and what
are the advantages?

second meteorologist to have won it, Sir David
Brunt being the other. I was as proud for meteorology as for myself.

B.J.M. -Election to the Royal Society is regarded
as the final accolade and is the ambition of every
scientist. lt is extremely difficult; on average,
three or four physicists are elected each year,
while one meteorologist is elected every five or
six years. There is no payment. On the contrary,
one pays an annual fee. The Royal Society was
founded in 1660 and it is written in the Charter
that the president and the treasurer must not
receive any kind of reward: I was treasurer and
senior vice-president for 10 years. lt was hard
work but most satisfying and enjoyable.
H. T. - You received the Queen's Medal for
the Royal Society. What is that?
B.J.M. -On the recommendation of the Council of the Royal Society, the Queen awards
three gold medals a year to Commonwealth
scientists: one for the physical sciences, one
for the biological sciences and one for applied
sciences. The scheme started in 1825, during
the reign of King George IV, and I am only the

H. T. -What are you doing nowadays?

B.J.M. - I am Chancellor of the University of
Manchester Institute for Science and Technology, which is an honorary position. I chair the
court, which is the highest appeal body, award
honorary degrees and preside major ceremonies. A few times a year, I deliver lectures,
visit the departments and talk to the professors.
I have an important role to play in appointing
the Vice-Chancellor and advise on the appointment of professors.
At Imperial College, I am senior adviser on
the environment. There is a centre for environmental technology, but environmental research
goes on in about 10 or 12 departments, with
some 11 separate M.Sc. courses. I have established a postgraduate school to coordinate
these activities so that Imperial College will
become a major environmental study centre.
I am still researching acid rain and have
just published two papers on snow crystals, one
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in the Quarterly Journal of the Royal Meteorological Society and one in the Proceedings of
the Royal Society. I am also writing on climate
and climate modelling and give many university
and public lectures on this subject.

H. T. - What have been some of the most
unforgettable events of your life?
B.J.M. - I have been extremely fortunate and
have many fine memories. One great event was
my election to the Royal Society; to everyone's
amusement, just as I was signing the book which
Newton had signed, there was a lightning flash.
The day I was installed as Chancellor of the University in Manchester is another. A memorable
occasion was dinner at 10 Downing Street with
Mrs Thatcher and Mr and Mrs Gorbatchev. Yet
another was the weekend I spent at Chequers,
the Prime Minister's country house, to discuss
acid rain with Mrs Thatcher. The Royal Society
conference on acid rain, when I had to make a
major speech in the presence of the prime ministers of Norway, Sweden and the United Kingdom, was also a great occasion. My first and
last days in the Met. Office, of course, were
unforgettable events.
H. T. -You told me many years ago that
you seldom fall sick and have never taken
any medicine. Is this still true?

B.J.M. - I have always been blessed with good
health and my wife says I have as much energy
now as ever. I think I had half a day off from
the Met. Office when I had a sore throat and
couldn't speak. I have never been in hospital,
except to visit people.
H. T. -You have been successful professionally, but you must also have had a
happy family life?
B.J.M. - My older son is 39 and an economist
in the Civil Service. My younger son, who is 32,
is a brilliant scientist-a Royal Society research
fellow in atomic physics, at University College.
When they were young, I was frequently absent
and did not have as much time for my family as
I would have liked. My wife was always patient
and understanding and holds us all together.
I could not have devoted so much time to
science and done as much as I have done
without the support of my family. We are a
close family, however, and now we spend more
time together.

H. T. -Thank you, Sir John. Allow me to
congratulate you on a brilliant and distinguished career, which shows little sign of
waning.
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Academician Yuri A. Izrael

Yuri Antonevich lzrael was born in Tashkent, in
the former USSR, on 15 May 1930, to a family
of scientists. His father was, for many years,
head of the Department of Human and Animal
Physiology at the Central Asian State University,
where his mother was a lecturer. Consequently,
the young Yuri came into contact with many
renowned scientists and listened to numerous
discussions on biology, physiology and ecology. In 194 7, at the age of 1 7, he won a municipal mathematics competition. He attended the
Department of Physics and Mathematics at the
Central Asian State University and studied mathematics, physics and hydrometeorology. He
graduated with a diploma in physics and geophysics. Yuri was equally successful in outdoor
physical activities. He played in the university
basket- and volleyball teams and was an outstanding mountain climber. lt is said that he
conquered 32 peaks, including the 7 134 m
'Lenin Peak at Pamir.
At university, Yuri became interested in scientific work related.to the interaction of electronic
and ionic bundles with matter. In 1952, during
an expedition to Central Asia, Academician E.K.
Fedorov1 discovered the young and talented Yuri
and considered him an invaluable element for the
Institute of Applied Geophysics which Fedorov
had been asked to establish. One of the tasks of
the Institute would be to study radioactive atmospheric and surface contamination after nuclear
weapon tests. Prof. lzrael devised models for
these processes in order to forecast pollution
under various environmental conditions. For his
doctoral thesis, he published two monographs
on radioactive fallout and contamination and methods of predicting transport. lzrael was an active participant (1969-1971) in the Soviet-American
negotiations on peaceful uses of underground
explosions. The results of his research and activities were published in a monograph (1974). At
this stage of his scientific life, lzrael had already
become involved in the field of protecting the
human environment. His personal interest, together
1

Interviewed WMO Bulletin 30 (4)

Yuri Antonevich Izrael

with the encouragement of Fedorov his teacher,
mentor and, above all, his friend, were the main
motors in persuading him to investigate all aspects
of environmental protection and, subsequently,
to finding answers to many ecological problems,
leading eventually to research into climate change.
Prof. lzrael, who has taken part in studies in the
Arctic and Antarctic, has developed a concept of
integrated monitoring and is currently addressing
the anthropogenic ecology of the ocean.
In 1974, Fedorov resigned from his post
as head of the USSR Hydrometeorological Service and lzrael was designated to take his place.
Elected a member of the then WMO Executive
Committee, he served as Second and then First
WMO Vice-President over a period of some 12
years. Altogether, lzrael served on the WMO
Executive Council for 18 years.
During the years of his association with WMO,
lzrael contributed to the design and development
of many WMO major programmes. In 1978, a
small group of scientists, including R. M. White 2,
Y. lzrael, J. Perry, V.P. Meleshko and R. Kintanar3,

3
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together with D. A. Davies4 and M. Taha5, conceived one of the most important components
of the World Climate Programme, "Impacts",
which subsequently became the basis of the collaboration between the United Nations Environment Programme (UNEP) and WMO in the field of
climate change. When the First World Climate
Conference was organized in 1979 by WMO and
a number of other United Nations programmes
and agencies, lzrael and many other USSR scientists were active in its conception and implementation. He was also a strong force in proposing
and organizing the Second WMO World Climate
Conference in 1990.
In 1989, lzrae/ participated actively in the
work of a newly established joint WMO/UNEP
body, the Intergovernmental Panel on Climate
Change (IPCC). He became chairman of its
Working Group 11 and is currently a Vice-Chairman of the Panel.
An important event in the professional career
of lzrae/ was the accident at the Chernoby/ atomic
power station in April 1986: a major test indeed
for many scientists. Only two days after the
accident, lzrae/ was already overseeing work at
Chernobyl, where, for a long time, he was in
charge of monitoring the radiation situation. In
January 1987, he presented a detailed report
to a meeting of the special panel set up by WMO
under the leadership of Or Kintanar. The panel
visited Chernobyl in 1988.
Upon leaving the USSR State Committee
for Hydrometeoro/ogy and Control of Natural
Environment at the end of 1991, lzrae/ became
Director, Institute of Global Climate and Ecology,
where he pursues his national and international
climate research activities.
Prof. lzrae/ was awarded the State Prize
for his work in environmental protection in 1981
and the Sukachev Gold medal of the Academy of
Sciences of the USSR (1983) for distinguished
work in ecology. He was twice awarded the Academician Fedorov Prize of the State Committee
for Hydrometeorology of the USSR for the best
work in environmental protection and twice
decorated with the Red Banner of Labour. He
received the Order of the October Revolution
in 1980; the Order of Lenin in 1986; and the
Polish order of Knight Commander with star in
1989. He was awarded the Gold Medal of the
4

5

Interviewed WMO Bulletin 40 (1)
Interviewed WMO Bulletin 34 (2)

Ettore Majorana International Scientific Centre
in Italy in 1990 for his outstanding contribution
and courageous action in facing the emergency
in Chernobyl (see WMO Bulletin 40 (2), 167-168).
In 1992, he was awarded the UN-UNEP Sasakawa
Prize for his contribution to environmental protection (see WMO Bulletin 41 (4), 477). Another
great moment, also in 1992, was when he was
awarded the 37th /MO Prize (see WMO Bulletin
42 (4), 347).
Prof. lzrael is a full member (academician)
of the Russian Academy of Sciences and the
Russian Academy of Ecology and has been
conferred with the title "Honoured Scientist of
the Russian Federation". He is an Honourary
Member of the Hungarian Meteorological Society and has been a full Member of the International Academy of Astronautics since 1990.
lzrae/ was a Deputy of the Supreme Soviet
of the USSR in 1979 and retained this prestigious post until 1989.
Academician lzrael is the author or co-author
of more than 200 scientific publications, including 23 monographs, among which may be mentioned Ecology and Control of the Natural Environment (1983); Anthropogenic Climate Changes
(1987); Chernobyl: Radioactive Contamination of
the Environment (1990); and Ozone Shield of the
Earth and its Changes (1993).
This interview took place during Twelfth
World Meteorological Congress in Geneva in
June 1995.

H. T. - You were born in Tashkent: what
sort of place was it then and is it now?

Y.A./. - Tashkent is the capital of Uzbekistan.
Formerly part of the USSR, Uzbekistan is now
an independent State. Tashkent was and is one
of the largest cities in Central Asia. When I was
a child, it resembled an ancient eastern city;
there were many trees and colourful bazaars,
and camels in the streets. Since then, the city
has been built up and modernized, notably after
the earthquake of 196 7. lt is now an entirely
modern and beautiful city, built in the eastern
style and the best national traditions.
H. T. - Please tell us about your parents.

Y.A./. - My parents were both doctors, who
worked at the Central Asian State University's
Department of Human and Animal Physiology.
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My mother was a lecturer and my father headed
the Department, which, after his death, was
named after him. They enjoyed a close circle
of colleagues and students.
I was born on 15 May 1930, the second of
three children. My parents often discussed their
work at home and knew many interesting people. A number of renowned scientists came to
our house, including Academician Arbeli, the
first Soviet woman Academician Shtern and
members of the Academy of Sciences, Baranov
and Romanovsky. it was a fascinating and stimulating environment, which formed a firm basis
for my subsequent education and interests.

H. T. -What do you recall of your childhood?
Y.A./. - Tashkent, and our street in particular,
were home to entirely different peoples-Russians, Uzbeks, Tajiks, Jews, Armenians and
many others. As children, we all spoke our
native languages, which we jumbled up when
we were together to create a new language.
A genuine international attitude develops
through such contacts. During the summer holidays, my father used to take us up to the
mountains, where we set up a riverside camp.

peaks, including the Lenin Peak {7 134 m) and
Korzhenevsky Peak {6 005 m), and were the
firstto conquer 18 of them. The love of mountains instilled in me as a child by my father
stood me in good stead for mountaineering,
and mountaineering in turn provided a rigorous
form of education for the rest of my life. I am
still drawn to alpine settings.
H. T. -You were discovered by Academician Fedorov. How did that come about?
Y.A./. -In 1952, my last year at university,
Academician Evgeny Konstantinovich Fedorov
passed through Tashkent on his way home
from a geophysical expedition in Central Asia.
He was well acquainted with the Dean of the
University and discussed with him the possibility of hiring young scientists for his institute.
Fedorov spoke to me and I subsequently went
to work in the scientific subdivision of the new
Geophysics Institute of the Academy of Sciences
in Moscow, which he founded and headed.

H. T. -What do you recall in particular about
your student days?
Y.A.I. -Learning became an obsession: I was
particularly interested in mathematics and later
in physics and chemistry. I took part in special
mathematical competitions, known as olympiads,
which I won when in eighth grade. I read widely
and was especially fond of poetry.
After graduating from secondary school
with a gold medal, I was accepted at the Faculty of Physics and Mathematics of the Central
Asian State University and became interested
in the link between nuclear physics and meteorology. I graduated with a diploma in physics
and geophysics in 1953. My diploma work concentrated on research into the interrelationship
between electronic ionic bundles of various
energies and matter.

H. T. -Were you interested in sports?
Y.A.I. - I was mad about sports, especially volley- and basketball, but my favourite sport was
mountaineering and I took part in several major
expeditions. To my reckoning, we climbed 32

Prof. Izrael with Academician E. Fedorov in 1970

H. T.- Tell us about Fedorov and the
extent to which he influenced your life.
Y.A.I. - Fedorov was an interesting, multifaceted
man: a scientist, a famous polar explorer and
an energetic administrator, who worked constantly to organize and improve the units under
him and to create the Institute of Applied Geophysics. He put the interests of the Hydrometeorological Service above all else. Fedorov
greatly influenced my life. I learned a lot from
him and I remain in his debt. A hard taskmaster, he was nonetheless my mentor and his
every deed was an example to be followed. We
were like-minded. I worked along the same lines
as he and any decisions I took in his absence
were those he would have taken himself.
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H. T. -What was the scope of the Institute
of Applied Geophysics?

port and determine the coefficients of turbulent
diffusion. Much depended on the distribution of
aerosol particles according to size. We started
by modelling the spread of particles from an
instantaneous source consisting of points at the
near, middle and far distances and then looked
at linear sources, and finally the source by volume. We also studied the spread of the particles from an uninterrupted source, e.g. the epicentre of an underground nuclear explosion. We
later used those models to calculate the dispersion of active particles over large distances and
to calculate dangerous radioactive or chemical
pollution following accidents.

Y.A.I. -In the 1950s, some countries were testing
nuclear weapons amid concern about the fallout
on surrounding land. The initial task of the Institute was, together with studies into the physics of
the troposphere and upper atmosphere, to study
geophysical processes during large-scale experiments. lt was later expanded to include ecological
problems. Research centred on the dispersal of
various substances, primarily local and global
radioactive pollution after explosions and, subsequently, the possibility of measuring their effects
on the health of the population. The Institute also
examined the spread of various radioactive and
chemical materials under other conditions, such
as accidents at nuclear and chemical plants. The
institute laid the foundations for an ecological
approach to monitoring the state of the natural
environment.

H. T. -You participated in the Soviet-American negotiations on the peaceful uses of
underground nuclear explosions. What
was the outcome of your discussions?
Y.A.I. -The Soviet-American negotiations on
the peaceful uses of nuclear explosions were
launched in Vienna in April 1969. The second
round of talks was held in Moscow in February
1970 and the third round in Washington, DC,
USA, in 1971. Top specialists took part on both
sides. The Soviet team in the first round was
headed by Fedorov. I participated as specialist
in the radioactive effects of nuclear explosions.
The American side included members of the
Atomic Energy Commission and the Lawrence
Radiation Laboratory. The achievements of
Soviet and American scientists were almost on
a par on a range of issues but, in some areas,
one or the other had the upper hand. For example, with regard to modelling processes during
underground nuclear explosions, the American
side had had the benefit of state-of-the-art computers. In terms of research into the transport
of radioactive products, particularly in water, however, the Soviets had the advantage because
they had actually conducted work in the field.
The question of safety guarantees during underground nuclear explosions for peaceful purposes
was carefully examined. The free exchange of
views and information was extremely useful.

H. T. - Did you conduct any research in conjunction with actual nuclear experiments?
Y.A./. -In 1954, an aircraft called a "flying
fortress" carried out what was probably the first
intersections of a cloud from a nuclear explosion
to study the spread and dynamics of radioactivity
over large distances. I was the geophysical operator on the flight and we did the intersection several times. We also measured surface radioactive
contamination from both the air and the ground.
H. T.- Were you involved in other tests?
Y.A.I. - I took part in a range of other tests,
over many years, around the Novaya Zemlya
region and on the shores of the Arctic Ocean,
to study the spread of radioactivity after nuclear
tests. Although the concentration of radioactivity was insignificant, it was sufficient for me to
be able to measure and chart it and to draw up
tables of surface radioactive contamination by
measuring gamma radiation from radionuclides.
This material was then used to build a dispersion model, which helped us forecast potential
radioactive contamination. Other research concerned the transport of radioactivity in water.

H. T. - How did your career evolve from
1963 to 1978?

H. T. - Could you tell us something about
your research into the atmospheric transport of pollutants?

Y.A.I. -We needed a great deal of meteorological information to integrate the data on trans-

Y.A.I. -In 1963, Fedorov became head of the
Hydrometeorological Service. I continued my scientific work and, in 1969, became Director of the
Institute of Applied Geophysics. In 1974, the
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Moscow, February 1970- Soviet--American negotiations on tl1e peaceful use of nuclear explosions: (left) American side
and (right) Soviet side, with Prof. Y. Izrael in the foreground

reverse occurred, at Fedorov's instigation: he
was appointed Director of the Institute of
Applied Geophysics once more and I was designated chief of the Hydrometeorological Service,
becoming, at the same time, Permanent Representative of the USSR with WMO. In 1978, the
Service became the USSR State Committee on
Hydrometeorology and Environmental Monitoring (headed, since 1992, by A. I. Bedritsky). lt
was granted ministry status and I became a
chairman of the State Committee and a member of the Council of Ministers. At the same
time, I was Director of the Natural Environment
and Climate Monitoring Laboratory.

improve their national economy. lt has also
encouraged new technology and its implementation in the countries of the world and great
progress has been made under all major WMO
Programmes. I was the first chairman of the
WMO Scientific-Technical Committee in 1979
and I am happy that my work contributed to
the development of our Organization and its
scientific plans.

H. T. -You must have come into contact
with many eminent meteorologists during
that time?

H. T. - You were associated with WMO for
many years. How would you summarize its
main achievements?
Y.A.I. - I was first elected a member of the
Executive Committee (later Council) and subsequently became Second and then First VicePresident. During that time-18 years in
total-our Organization underwent major interesting developments. The highlight for me was
the contact with people and the joy of working
together to improve the meteorological and
hydrological services and activities of various
countries. WMO is a unique organization. With
the national Meteorological Services as its
basis, it has succeeded in creating a unified
global Meteorological Service. Experts all over
the world can receive virtually any meteorological information and apply it to make weather
forecasts, respond to users' needs and

Y.A./. - I have worked with some outstanding
people. Meetings with Secretaries-General
Davies and Obasi, Presidents Nyberg6, Taha,
Kintanar and Zou Jingmeng and with Prof. Bert
Bolin 7, Chairman of the IPCC, were rewarding
and effective. Among the many other brilliant
people I have met, I would like to mention
Messrs Abayomi, DegefuS and Konan§9 from
Africa; John ZillmanlO from Australia; Robert
White, Richard Hallgren and Joe Fridayll from
the USA; Salvador Alaimo 12 from Argentina,
Messrs P. K. Das from India and D. Tuvdendorj
6
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8
Director, WMO Regional Office for Africa
9
President, WMO Regional Association I (Africa)
10 Elected President of WMO at Twelfth Congress (1995)
11 Permanent Representative of USA with WMO
12 Former Vice-President of WMO
7
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from Mongolia, Kosta Stanchev from Bulgaria
and Jan Zielinski 13 from Poland. I believe that
our work will leave its mark and bear fruit.
H. T. - How do you see the future work of
the Organization?

Y.A.I. -The strengthening of the global atmospheric monitoring system, the free transmission
and re~eption of data and their use in many
countnes make WMO unique. We may be able
to solve major problems such as protecting the
ozone layer and safeguarding the climate. 1am
wa~ching k~enly the development of the Organization, the mcrease in its activities and its natural transition from a purely meteorological to a
geophysical body and ecological body.
H. T. - What do you consider to be the most
important pollution problems nowadays?
Y.A.I. - Pollution all over the world has increased
enormously. In our country, almost 100 towns
and cities undergo air pollution every year which
exceeds permissible levels for some periods of
time. These towns are, of course, in predominantly industrial areas. We also have serious
problems with regard to water, particularly of
small rivers, lakes and inland seas and the Baltic
and Black Seas. Many serious problems go far
beyond the boundaries of individual countries
and have become large-scale ecological problems, including the long-range transboundary
pollution by various substances. Oil and related
products pollute even the remotest of the
world's oceans. These are all examples of
increasing anthropogenic influence. Decisions
must be taken at the local level, as well as at
the regional and global levels. To this end, serious steps must be taken with regard to each
source of pollution; each enterprise must exercise strict controls over its waste and either
eradicate it or reduce it.
H. T. - Transboundary pollution its reduction and documentation are the' main
elements of the EC Convention agreed
upon in Geneva in 1979 in which you took
active part. Now, 16 years later, what

13

Permanent Representative of Poland with WMO and
member of the Executive Council

progress has been achieved in the reduction of 50 2 and NOx emissions?

Y.A.I. - Following the Convention on Long-Range
Transboundary Pollution in 1979, major work
started on modelling the processes of the dispersion of pollutants. Two meteorological centres were set up (in Oslo and in Moscow) to calc~late the transport of pollutants over large
distances and provide levels of pollutant loading
for each country in the European region.
These measures contributed to the preparation by 1985 of a protocol on the reduction
of sulphur dioxide emissions. I signed the prot?col in Hel.sinki on behalf of the USSR. All parties to the Instrument were committed to a 30
per cent reduction in sulphur dioxide emissions
by 1993. In our country, we managed to
reduce emissions by using less oil and coal and
more gas. As of 1993, we had reduced sulphur
dioxide by 38 per cent.
Subsequently, work began on other protocols, in particular concerning the control of emissions of NOx and their transboundary fluxes. The
protocol was signed by many countries in 1988
in Sofia. Some countries were prepared to reduce
nitrogen oxide by 30 per cent. Work then began
on protocols on volatile organic compounds,
heavy metals and persistent organic compounds.
We have witnessed a tangible reduction of harmful pollutants in many countries of Europe. The
way is open to improve the situation in Europe in
the future and reduce emissions even further.
H. T. - You were a major promoter of
integrated monitoring. To what extent is
that ideal being realized?
Y.A.I. - I proposed integrated monitoring to
and WMO 20 years ago. All organizatiOns, however, from national Meteorological
Services to international organizations, claim
that they deal with the atmosphere while combined monitoring also embraces e~ological
monitoring. I would like to see a monitoring
system such as the World Weather Watch
whereby each country can receive and pr~vide
environmental information. The Global Atmosphere Watch incorporates the Global Ozone
Observing System and the Background Atmospheric Pollution Monitoring Network and therefore has an integrated approach. We now need
to work more actively to combine the various
integrated approaches.
~NEP
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H. T. - You have been active on the international scene in the field of climate
change and its effects on human activities. Could you tell us something about it?

Many emergency safety systems had been
overlooked because experiments had been carried out on reactors in conditions of withdrawal
and shut-down. One-quarter of the Chernobyl
atomic power station was destroyed, during
which time there were two explosions related
to the expansion of water vapour. They led to
the destruction of the area housing the reactor
and the reactor itself. A significant amount of
radioactive and other products were emitted,
which spread over a large distance. The particles formed during the explosion were, for the
most part, scattered over the area immediately
surrounding the atomic power station but some
volatile products spread over large distances.
Traces, albeit slight, were found tens of thousands of kilometres away.

Y.A.I. -To provide an authoritative international
consensus of scientific opinion on climate change,
the WMO/UNEP Intergovernmental Panel on Climate Change was set up, which comprises several hundred eminent scientists in three working
groups. For several years, I was chairman of
Working Group 11, which addresses the influence
of climate change on the biosphere and man
and on various sectors of the economy, such as
agriculture, water management, energy and
transport. This group prepared the first report
on this issue.
H. T. - You were very much involved in the
aftermath of the Chernobyl nuclear accident in April 1986. Could you tell us
briefly how this accident occurred?

Y.A.I. -The accident was due to a combination
of several factors, namely the physical characteristics of the nuclear reactor, the RBMK, the
structure of the regulatory bodies, the reactor's
unregulated output and staff practice, i.e. the
reactor was operating in a situation that had not
been covered in any instructions or provisions.

H. T. -You went to Chernobyl straightaway: what did you do?

Y.A./. - Immediately after the accident, meteorological stations began to signal an increase in
radioactivity and we passed the information to
local authorities immediately, urging safety
measures to be taken. As decided by the Council of Ministers, I flew to Chernobyl, where
I arranged for 10 planes and helicopters specially kitted out with roentgenometric and
gamma-spectrometric equipment. We surveyed

Chernobyl, early May 1986- Members of the governmental commission meet: (in the foreground, from left to right):
I. S. Silayev, chairman, Prof. Izrael and Academician E. Velikhov
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intensively, searching the European territory of
the USSR for patches of serious and increased
levels of pollution. We then measured the gamma
dose rate and the isotope content of samples
taken from the air and land surface. Within a
few days we had prepared a chart of local surface pollution. New charts were compiled on a
daily basis.

H. T. -Could you describe the environmental, geographical and meteorological
situation?
Y.A.I. -Streams of volatile radioactive products
continued to pour forth for two weeks. The
meteorological situation changed significantly,
making it all the more difficult to forecast the
track the radioactive pollution would take and
the zones that would be affected. Measurements
were carried out over virtually all the European
territory of the USSR and it was found necessary to evacuate urgently the population over
an area of 3 000 km2 around the Chernobyl
nuclear power plant. The first portion of radioactivity came in a westerly direction and headed
off north-west and beyond the borders of the
USSR. Then the wind changed and the radioactive pollution began to move north-east.

H. T. -What were the results of your work?
Y.A.I.- As of 27 April1986, some 135 000
people were evacuated from the polluted area.
The evacuation zone had a radius of 30 km
from the power station, extending 75-85 km
to the west and 40-45 km to the north and was
strictly monitored for radiation. We monitored
the entire territory and made detailed charts of
the radiation of the ground surface for a density of caesium-137 of more than 1 Ci km-2 and
later 1 kBq m-2.
We measured short- and long-lived isotopes,
including strontium-90, with a half-life of about
30 years and plutonium-239, with a half-life of
about 24 000 years. For the most part, these
particles formed and fell out within the 30 km
evacuation zone, except caesium-137, which
spread over long distances. it is clear that the
evacuation zone will be unfit for agriculture for
a long time, maybe for ever.
Measures, including the building of dikes,
were taken to prevent the pollution of nearby
rivers and reservoirs. Radioactive pollution did
not, in fact, rise about permissible levels, even

in the first spring after the accident, when serious floods occurred.

H. T. -The information you compiled must
have considerable interest and application?
Y.A./. -The charts we compiled were used
extensively in decision-making, both with regard
to evacuation and agriculture. We made this
information freely and widely available to all
organizations and levels of government. At present, we are preparing material for an atlas of
radioactive pollution in the European part of
the former USSR to be published nationally.
With our colleagues in the European Union, we
are drawing up an atlas of pollution by caesium-137 and other isotopes in Europe.

H. T. - Could you tell us about the special
panel set up by WMO after Chernobyl?
Y.A.I. -In June 1986, the 38th session of the
Executive Council set up an ad hoc group of
experts on the operational meteorological
aspects concerning the emission of hazardous
materials into the atmosphere and atmospheric
emergency responses. it was headed by Dr Kintanar; the Vice-Chairman was Dr E. Jatila (Finland) and the members were (in alphabetical
order) Messrs Brucel3 (Canada), Hallgren (USA),
Houghton (United Kingdom), lzrael (USSR),
Labrousse (France), Reiser (Germany), Richter
(Czechoslovakia), Romaih (Pakistan) and Uchida
(Japan). it also included the presidents of CBS,
CHy, CAS and the Chairman of the EC Panel/
CAS Working group on Environmental Pollution
and Atmospheric Chemistry.

H. T. - Did the group visit Chernobyl?
Y.A./. -The Panel's first session was held in
Geneva on 20 January 1987 to establish machinery and the way in which an international organization should react to a similar accident.
The second meeting, chaired by Dr Jatila,
was held at my invitation in Kiev in April 1988.
We went to Chernobyl for further discussions
on meteorological, hydrological and other
aspects of safety.

H. T. - What was the most significant outcome of the Panel's discussions?
13
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The WMO ad hoc group of experts on the operational meteorological aspects concerning the emission of hazardous
materials into the atmosphere and atmospheric emergency responses visited Chernobyl in April 1988.

Y.A.I. - Firstly, it was decided to set up special meteorological radiation centres in several
countries, the first being in France and then
Russia. Their aim is to interpret information on
accidents at nuclear or chemical plants; they
process relevant meteorological information in
the form of forecast trajectories of clouds which
may be carrying radioactive or chemical matter. They give essential information to national
bodies and neighbouring countries. The second conclusion we came to was the need to
elaborate upon and improve the methodology
of calculating and forecasting the passage of
clouds and spread of radiation. The third initiative was to study all hydrological aspects of
the pollution of surface and underground water.
This work is now being carried out by WMO
and UNESCO.

regional implications. Chernobyl typified this
problem. Other examples of global catastrophes such as the destruction of the ozone
layer, are relatively slow processes, whereas a
disaster such as Chernobyl lasts only minutes
while its effects last for years. Another important lesson was the research into the characteristics of pollution after a major accident. lt is
important that such information be studied
carefully and the results applied. The radiation
centres set up by the WMO panel define more
clearly both methodology and the activities of
meteorologists and hydrologists around the
world in the event of an accident. Finally, the
question of reducing pollutants is an important
element in restoring the land and ecosystems
after a large-scale disaster.

H. T. -What lessons have we learned from
the tragic accident at Chernobyl?

H.T.- From 1979 to 1988, you were
Deputy to the Supreme Soviet. Could you
elaborate on this?

Y.A.I.- We have begun to understand that our
activities, if insufficiently based on science and
lacking in technology and effective means, and
sometimes ill thought out, may result in tragic
accidents which have more than just local or

Y.A.I. - I spent 10 years as Deputy to the
Supreme Soviet, representing a dist~iGt-of-Tu~k
menistan and later a district of Uzbekistan. I often
met with residents and local authorities to discuss
environmental issues, such as the Aral Sea.
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Kyoto, Japan, January 1991-- International conference
on climate change: on Prof. Izrael's left are Prof. J.
Kondo and Prof B. Bolin

As deputy Chairman of the lnterparliamentary Group of the Supreme Soviet, I was also
involved in questions relating to international environmental activities and met members of parliament and leaders of various countries. During
this time, I also remained Chairman of the USSR
State Committee on Hydrology and Environmental Monitoring. Despite the work and responsibility that implied, this was an interesting period
because I had both the right and the opportunity
to raise certain issues. I was involved in the many
decisions and great efforts made with regard to
environmental protection and meteorology and
headed several bilateral-e.g. USA-USSRcommissions in that field.
H. T. - Could you explain the situation which
has arisen concerning the Aral Sea as a
result of man's activities?

Y.A.I.- As of about 1960, the amount of water
feeding the Aral Sea started to decline drastically. The inflow comes basically from two rivers,
the Amu-Darya and the Sir-Darya. The amount
of water that used to flow into the Aral Sea was
on average 53 km3 yr- 1, which balanced the
state and level of the Sea and the Amu-Darya
and Sir-Darya deltas, which were rich in flora
and fauna. Water evaporates from the surface
of the Aral Sea at a rate of 1 m yr-1 . We are
convinced that the level of the Sea started to
fall when areas of land in the upper reaches of
the Amu-Darya and Sir-Darya began to be used
more intensively for agriculture and crop cultivation, mainly in Uzbekistan, and large quantities of water were kept back for irrigation purposes. Furthermore, the Turkmenistan canal was
built and part of the water running through the
upper reaches of the Amu-Darya was directed
southwards. While the water supply was improved
in several republics, less water flowed into the

Aral Sea and it became clear, some 20-25 years
ago, that the Sea was facing catastrophe. Salinity increased radically and the Sea's entire ecosystem was destroyed. A large expanse of its
lower reaches was laid bare and the salt and
sand at times of high wind were blown many
kilometres; this continues to pose a threat to
nearby settlements and land. The Amu-Darya
and Sir-Darya deltas have virtually dried up and
the flora and fauna are dying. The issue now is
one of survival. Although it is quite clear that the
changes in the Aral Sea are related to man's
activities, there was also a serious drought in
the area at the same time: out of the total shortfall of approximately 700 km3 of water flowing
into the Aral Sea over the last 25 years, about
200 km 3 was a result of the drought. I would
therefore differentiate between the two causes.
On the other hand, the changes in the regime
and condition of the Aral Sea have wrought a
marked change in the climate of the region.

H. T. -What is being done to resolve the
problem and what is your opinion about
the causes?

Y.A.I. - I was chairman of a commission which
gathered together eminent scientists in our
country and representatives of the republics
around the Aral Sea. We drew up a programme
to save the Sea at its current level and resources
were set aside for its implementation. Now that
the Aral Sea is on the territory of several independent republics, however, there is little chance
that the programme can succeed without international assistance.
H. T. -You have received many national
and international recognitions. Which do
you value most?

Y.A./. -In 1989, the Government of the USSR
decorated me with the Order of Lenin, in recognition of my work at Chernobyl. The next prize
I wish to mention is the UN-UNEP Sasakawa
Prize for my contribution to environmental protection, which I received during the United
Nations Conference on Environment and Development in Rio de Janeiro in 1992. An accolade
I could not fail to mention is the 37th International Meteorological Organization Prize and
gold medal that I was also awarded in 1992.
I attach great value to scientific recognition and am a full member, among others, of
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the Academy of Sciences of Russia. While here
in Geneva during Twelfth Congress, I have been
moved by the warm greetings of so many people. This recognition-by the world meteorological community-is the highest recognition
I have ever received.

H. T. -What are you doing nowadays?

Y.A.I.- I have been Director of the Institute of
Global Climate and Ecology in Moscow since its
establishment in 1990, to which, moreover,
I devoted a great deal of energy. The Institute
has assembled a team of highly experienced
scientists. We work in a wide range of fields,
such as global ecological and climatic problems and studies of climate change resulting primarily from anthropogenic activity. Other areas
include the effects of climate change on the
economy and various spheres of human activity, monitoring climate change and ecological
and socio-economic changes. We are also
attempting to determine the direction to be
taken concerning monitoring the ecosystem of
the Earth and the sea.
H. T. -Would you like to say something
about your family?

Y.A.I.- We are a close family. My wife, Elena
Nikolaevna, was a psychiatrist but is retired
now. Our son, Yuri, graduated from the Moscow
State University Faculty of Economics and now
works in real estate. Our daughter, Marina, is a
graduate of the Faculty of Geography and has a
son, Sergei. it is always a great pleasure for me
to have my family with me when I travel. My wife
has often accompanied me to Geneva and knows
many people in WMO. My daughter went with me
to Cnina, wnere we were welc-mned-o-ythe-rresident of WMO, Mr Zou Jingmeng. We also went
to Tibet: that was a unique experience and
remains imprinted on our memories.
H. T. - Professor lzrael, you served on the
Executive Council for many years. Now
you are on the other side of the fence. Do
you see any difference in the atmosphere

Zanzibar Island, November 1994- Prof. Izrael about to
enjoy an excellent dish of Langusta Magnum!

of the meetings of the Congress now and
in the past?

Y.A.I. - I remember the Executive Council of
20 years ago with great affection. it was smaller
in those days-about 20 members- and it was
easier to settle certain issues. But, of course,
much has changed. Firstly, the Organization
itself has grown; many new States have joined.
The Executive Council now has 36 members
and more than 150 countries attend Congress.
Discussions and decisions are more effective
because we listen to and weigh up the views of
all the speakers. The Organization has grown in
strength but also in technology, which has
helped improve and expand its capabilities. The
spirit of the organization has not diminished.
WMO is still called ugon to ensure the effective
exchange of meteorological information and to
share this information with all the world. This
remains our goal and I foresee great success,
particularly in developing countries.
H. T. -We shall end our interview, Prof.
lzrael, on that optimistic note. Thank you
for sharing your experiences with us.
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Professor Edward N. Lorenz

Have you ever noticed that the Nobel Prize in
physics has never been awarded for a discovery
in meteorology? Today there is at least one
active meteorologist whose contribution to science is so profound and pervasive that it is difficult to comprehend why he has not been
selected a Nobellaureate. His name is Edward
Lorenz, and he is the father of chaos theory.
For centuries scientists put on blinkers, ignoring
quirky and unpredictable phenomena in order to
ferret out a tenuous sense of order in nature.
This is the triumph of science, but it made us
deny that chaos lurks everywhere. Ed Lorenz
not only opened our eyes to the ever-present
chaos in nature but also found its governing
principles. He crowned 20th century meteorology with a discovery that irreversibly changed
our view of the world.

The above quotation from an article entitled
"Chaos rules" written by Prof. Stanley David
Gedzelman serves as a good starting point for this
interview with a man whose fame extends beyond
meteorology to other sciences such as biology,
physics, astronomy, chemistry and geology.
Indeed, Ed Lorenz helped scientists from these
fields to understand unpredictable behaviour in
their work.
Edward N. Lorenz was born in West Hartford, Connecticut, on 23 May 1917. From an
early age, he was fascinated with numbers.
Before the age of two, he could read all the numbers on the houses when his mother took him for
walks. A few years later, he could recite the numbers from one to 1 000 that were perfect squares
and he spent many hours with his father, solving mathematical puzzles. At the age of seven,
he became fond of maps, especially enlargements of sections of other maps.
About this time also, he acquired a love for
astronomy that he has never lost. He became
interested in card and board games of all sorts.
His mother taught him to play chess and he
later became captain of the high-school team. Ed
was smaller than most of the othf!r boys of his
age and a year younger than most of his classmates; it was perhaps for this reason that he
never became adept at team sports. He enjoyed
hiking, however, and, to this day, mountains and
music are his greatest leisure-time interests.

Edward N. Lorenz
Photo: courtesy of AMS

When he entered Oartmouth College, Ed had
already made up his mind to major in mathematics. In the autumn of 1938, he entered graduate school at Harvard University and worked
under the guidance of George Birkhoff, a top
American mathematician. When the USA entered
World War 11, he enrolled in the regular graduate
course in meteorology at the Massachusetts
Institute of Technology (M IT) and quickly realized that the subject most naturally related to
his mathematical background was dynamic
meteorology. In due course, Ed was sent to the
tropics as a forecaster.
After the War, Lorenz decided to continue
in meteorology at MIT. With his interest in
dynamic meteorology and forecasting, he proceeded to write a doctoral thesis which proposed a method of applying dynamic equations
to predicting the motions of storms. Not only
did he obtain his doctorate without difficulty,
he even managed, during the next few weeks,
to acquire a wife, in the person of Jane Loban.
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He made the acquaintance of Victor Starr and
the two men remained close for some 25 years.
One of Ed Lorenz's significant findings was
to unravel the chain of events through which a
small percentage of solar energy reaching the
Earth is converted into the kinetic energy of
atmospheric motions, thereby replacing the
energy which is dissipated by friction. His main
findings were published in a paper in Tellus in
1955 entitled "Available potential energy and
the maintenance of the general circulation",
which became a landmark in meteorology.
Ed Lorenz's next important discovery was
the concept of "chaos". it grew out of the fundamental recognition that the weather outside
the tropics was extremely erratic. At the beginning of the 20th century, meteorologists made
little use of the laws of motions describing the
evolution of weather. The analogue methods
used by forecasters were not based on fundamental dynamical principles. Lorenz saw clearly
that much of the unpredictability was inherent
in the atmosphere. So he took an independent
course. Instead of working to improve forecast
accuracy, he chose to search for what it was
about the atmosphere that made accurate forecasting impossible. He proceeded to dismantle
forecasting equations in order to find the culprit behind variability and unpredictability. His
conclusion was that advection of quantities such
as momentum and energy by the wind was the
main cause for non-periodicity. In the course of
the computations, Lorenz encountered some
consequences of rounding off numbers before
re-entering them into the computer. The sensitivity of chaotic phenomena to initial conditions
was clearly brought out. Lorenz has published
his findings in a book entitled The Essence of
Chaos (University of Washington Press, 1993).
Lorenz's 1967 monograph "The nature and
theory of the general circulation of the atmosphere" was recognized as a classic. In 1969,
the American Meteorological Society awarded
him its highest honour, the Cari-Gustaf Rossby
Research Medal, for his fundamental work in
dynamic meteorology. Thus, the meteorological
community honoured Lorenz for his work which
has become known as "chaos".
Ed Lorenz has certainly always been ahead
of his time with his ideas about the atmosphere.
He continues to work. He says
The sciences that have sometimes been called
less exact, like some Earth sciences and life
sciences, are sciences just as surely as the so-

called exact sciences, like some branches of
physics and chemistry. They simply require
additional care in their practice, because they
are more likely to involve chaotic processes.
I have been awed by the precision that physicists sometimes attain, but I have never regretted my decision to follow a less exact science.

In his concluding remarks, Prof. Gedzelman
says: "Everywhere you look, and not just in the
atmosphere or ocean, Lorenz's work applies.
For these qualities his work surely merits the
Nobe/ Prize in physics".
This interview took place at MIT in October 1995. Or Taba, who had not seen Prof.
Lorenz for a long time, says that he had hardly
changed at all, either physically or intellectually.

H.T.- You were born in 1917 in West
Hartford, Connecticut, USA. Could you
please start by describing what sort of
place it was then and is now?
E.N.L.- West Hartford is a suburb of Hartford,
the capital of Connecticut. When I was born, it
was a town of about 8 000 people. I lived there
until I went to college. By that time, the town
had grown to about 25 000. I went there last
spring to visit a new science museum. lt was
on a main street that hadn't even existed when
I left. The population now is about 60 000.

H. T. - Could you say something about
your parents?
E.N.L. - My father was a mechanical engineer,
who was born and grew up in Hartford. My
mother did social work. They met at a holiday
resort in New Hampshire, where we still go in
the summer. We were a close family and my
parents influenced me a great deal.
H.T.- What sort of childhood did you have?
E.N.L. - lt was certainly a happy childhood at
home but I was much smaller than most of the
other children at school and I had some hard
times. I wasn't particularly athletic; I joined in
the baseball games but wasn't always too welcome. My mother was a good chess playershe had once beaten the champion of MITand she taught me how to play. I was eventually
able to beat both my father and my mother and
became captain of the high-school chess team.

364

ily a physicist; indeed, he later won the Nobel
Prize for physics. I eventually realized that I was
more interested in algebra than mathematical
physics.

H. T. - Did you foresee that you might
become a scientist one day?
E.N.L.- As a small child, I enjoyed playing with
numbers. At the age of seven, I came across
an atlas with an illustrated astronomical page
and immediately became interested in astronomy. The following year, we had a total eclipse
of the sun in Hartford, which was a great event
for me. I was always interested in the weather
but it never occurred to me that I would actually study or work in meteorology.

H. T. -You had to interrupt your university
studies because of World War 11. When did
you go to MIT?

H. T. -What were your interests at school?
E.N.L.- I had various hobbies, such as stamp
collecting, but my main interest was chess. As
far as the curriculum was concerned, I simply
liked some courses better than others but I did
no more than what was expected of me in the
classroom.
H. T. -When did you go to college and what
did you study?
E.N.L. - I entered Dartmouth College in 1934
and graduated in 1938, having majored in mathematics. A special mathematics course was
arranged for me during my senior year, because
there were so few mathematics majors. At first,
there were 700 students in our class and then
500, but only seven of us were mathematics
majors. I studied some calculus and advanced
algebra and differential equations.
H. T. -You entered graduate school at
Harvard University in 1938. Could you tell
us about the curriculum you chose? Who
were your instructors?
E.N.L. - I joined the Mathematics Department
and took a wide variety of courses in almost
every branch, in preparation for a doctorate. My
advisor during the latter years was Prof. George
Birkhoff, an eminent mathematician and the
first of his calibre to have been trained in the
USA, rather than Europe. lt was fascinating to
work with him, because he would give a course
on something that he was working on and we
would see new results appearing right there on
the blackboard. Other outstanding people in the
Department were Saunders Maclane and Marshall Stone. Prof. James Van Vleck also gave
mathematics courses, although he was primar-

E.N.L. - I had the choice of being drafted immediately or signing up for a special course. I had
already received notification of a new meteorological course at MIT to train army forecasters
and, being interested in the weather, I decided
that that was the best thing for me to do during the War. lt was a regular Master's degree
course, except that it was squeezed into eight
months. We had classes in the morning and
synoptic laboratory in the afternoon. Although
it was not immediately applicable to weather
forecasting, I particularly appreciated the course
in dynamic meteorology and my mathematical
training proved most useful. I attended the
course at MIT from March to November 1942
as an aviation cadet in what was then the Army
Air Corps (now the Air Force). Participants in
the next course tripled in number and five of us
were chosen to teach them in the laboratory.
The final course was even larger and 15 of us
were chosen to stay on until June 1944.

H. T. -Who were the teachers and leaders
in meteorology before World War 11?
E.N.L. -There were a number of distinguished
meteorologists at different universities around
the country. At MIT, there were Hurd Willett,
Henry Houghton and Bern hard Haurwitz, just to
mention a few. At Chicago, there was CarlGustaf Rossby. At the University of California at
Los Angeles (UCLA), there were Jacob Bjerknes,
Ji:irgen Holmboe and Morris Neiburger. Some outstanding meteorologists, such as Harry Wexler
and Franc is Reichelderfer 1, were at the US
Weather Bureau.

H.T.- You served in the US Army Air Corps
as an operational weather forecaster from
1944 unti11946. What can you tell us
about this period?
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E.N.L. -At the end of the last training course
at MIT, I received orders to go overseas. After a
two-month training course in tropical meteorology in Hawaii, we flew to Saipan in October
1944 and set up a Weather Central. Our mission
was to forecast for flights going to Japan and
other nearby destinations. My principal job was
to forecast upper-level winds and temperatures.
One problem we had was that, although we had
data from Siberia and near Saipan, not many
observations were taken in between, except
those taken by the pilots-who, obviously, didn't
have much time! What they often did, therefore,
was to make a copy of our forecast and give
that to us as their observation. While this made
for a good forecasting record, it didn't help us
make the next forecast! In the spring of 1945,
we moved to a new Weather Central in Okinawa.
I became head of the upper-air section and we
continued in the same way as before until a few
months after the War.
One of my tent mates in Saipan was Reid
Bryson, who had taken the same course at the
University of Chicago as I had taken at MIT. He
is well known now and is at the University of
Wisconsin. One of his specialities is tracing
early weather from archaeological evidence.
H.T.- What happened after World War 11?

E.N.L. -In the spring of 1946, I had to decide
between mathematics and meteorology. After
discussions with Prof. Henry Houghton, who
was head of the Meteorology Department at
MIT, I decided I had more to offer meteorology.
I obtained my doctorate in 1948.
H. T. -What was the topic of your thesis?
E.N.L. -My thesis was related to numerical
weather forecasting and proceeded by expressing the variables as a power series in time. I was
able to find ways of getting the first few terms
of the series and evaluating them for a short
time. There were no computers and I preferred
to do the necessary calculations by hand rather
than use a desk calculator. The time taken for
writing up the results and deciding what to do
was much more than the actual computing time.
H. T. -Were your results encouraging?
E.N.L. -What I did was use an initial state in
which a cyclone was present. I specified the
form of the cyclone and attempted to see
whether th~ equations would tell how the
cyclone was going to behave.The results were
fairly reasonable for the cyclone motion for a
period of six hours.

During the 48th annual meeting of the American Meteorological Society CAMS) in San Francisco, California, USA, in
1968 (from left to right): Edward Lorenz, Chair of AMS Awards Committee; Louis Battan, President of AMS; and Verner
Suomi, President elect of AMS (who, on this occasion, also received the Carl-Gustaf Rossby Research Medal)
Photo: V.M. Hanks, Jr., courtesy of AMS
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H. T. - Did this have any forecast value?

E.N.L. - He was unique in that he had ideas
about the general circulation that he was able
to express clearly. I knew how to forecast
cyclones but did not know why they existed in
the shape they did or why they moved the way
they did. lt was Victor who first provided explanations in words that enabled me to understand
the behaviour of the atmosphere. His reputation
grew and people came from all over the world
to work with him.

E.N.L. -lt would have had value for a shortrange rain forecast but it would not have been
as good as a good synoptic forecast. The
same was true of the first years in numerical
weather forecasting. Even though the early
attempts to apply the equations were encouraging, numerical forecasts in the early 1950s
had yielded nothing spectacular. lt was a considerable time before they could compete with
synoptic forecasts.

H. T. - Meteorology advanced rapidly in
the 1950s. Numerical weather prediction
was becoming a reality. With your mathematical background and your interest in
dynamic meteorology, how did you view
future prospects?

H. T. -You decided to stay on at MIT. What
did you do?
E.N.L. -Prof. Houghton offered me a job in
the Meteorology Department as a research scientist on a project to study the general circulation of the atmosphere, headed by Victor Starr.
I published a few papers but it was a few years
before I managed to achieve results that I considered worthwhile.

E.N.L. -Victor Starr and I were not completely
sure that numerical weather forecasting would
work. We visited Jule Charney and colleagues
at the Institute for Advanced Study in Princeton
to learn more about what some people said
would revolutionize meteorology. lt was the mid1950s, however, before I was sure that this was
the way of the future.

H. T. - I believe it was about this time that
you got married?
E.N.L. - Jane and I met in the Department,
where she was also working. We were married
in 1948, just after I received my doctorate. We
honeymooned in Mexico and then settled down
in the Cambridge area, close to the MIT campus, and I could walk to work.

H. T. - I believe you made an unforgettable visit to the University of Chicago in
the early days of your career?

H. T. -You were close to Victor Starr. What
can you tell us about him?
E.N.L. -As a weather forecaster in Florida,
Victor Starr wrote an article which came to the
attention of Harry Wexler, who was in charge of
research at the US Weather Bureau in Washington and immediately recognized its worth. Victor joined him in Washington and soon afterwards went to the University of Chicago, where
he obtained his doctorate.
Victor Starr came to MIT in 1947. I did my
thesis with Prof. Austin, whose main field was
synoptic meteorology. If Victor had come a year
earlier, I would probably have done my thesis
with him. He was a wonderful person to work
with; we had discussions about meteorology
almost every day and worked closely together
for more than 25 years, until he died in 1976.

H. T. -What were his particular qualities?

E.N.L. -My visit to Dave Fultz at the University
of Chicago to watch his experiments with a
rotating dishpan was a memorable one. Some
people were sceptical, claiming that the resemblance between the dishpan and the atmosphere
was superficial. They did not agree that there
were some basic principles that applied to all
heated rotating fluids, be it the dishpan or the
atmosphere. Dave and I decided to take some
measurements. The dishpan was filled with a
shallow layer of water and rotated while one
applied heat at the outer edge and sometimes
cooling at the centre. When the pan rotated
slowly, water rose at the outer edge, sinking
near the centre; in other words, a Hadley mode
dominated. With faster rotation, the flow became
more complex. At first, a few symmetrical stable waves developed. As the dishpan rotated
faster, the number of waves increased and they
became unstable and irregular, growing and
shrinking, as in the atmosphere. We inserted a
thermometer in the water and watched the rise
and fall of the temperature associated with the
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meahdering waves and the jet stream. The passage of the jet stream was accompanied by definite rises and falls in temperature-at times
some 6°C- depending on which side of the jet
stream the thermometer was. We calculated a
flow of about 88 cm s-1 at the top level, assuming a zero flow at the bottom, a geostrophic
condition and the observed temperature gradient. The observed flow at the top was about
90 cm s- 1, which was just about geostrophic. lt
was a wonderful experience to see this happen
and realize that some of the general circulation
properties that we had been studying for so long
were duplicable.

winds. The general circulation of the atmosphere
is characterized by a conversion of available
potential energy generated by low-latitude heating and high-latitude cooling. The available potential energy of the atmosphere is the difference
between the total potential energy and the minimum total potential energy which could result
from an adiabatic redistribution of the mass.
The large increases in available potential energy
are usually accompanied by increases in kinetic
energy and involve non-adiabatic effects.

H. T. -When and why did you go to Lowell
Observatory in Flagstaff, Arizona?

E..N.L. -Victor Starr said there ought to be
some sort of available potential energy but we
agreed that neither of us knew how to formulate it. A year later, the idea suddenly came to
me that it would be possible to look at the
excess energy over the minimum amount of
energy that could be present with the same
statistical distribution of potential temperature.
If you rearrange the atmosphere under the conservation of potential temperature, you might
have less energy, and any excess over the minimum could conceivably be available for conversion into kinetic energy.
One night I suddenly woke up and started
playing around with equations in my mind. After
an hour I had virtually all the equations for available potential energy worked out. I was excited.
I soon realized that it ought to be possibleJo
partition this available potential energy into zonal
and eddy energy, just as we had already partitioned kinetic energy. Since the transport of
angular momentum towards latitudes of different angular velocity is what converted the kinetic
energy from one form to another, it ought to be
the transport of heat towards latitudes of different temperatures which would convert available
potential energy the same way.

E..N.L. -The Lowell Observatory was running
a project to investigate the general circulation
of the atmospheres of the planets. Seymour He ss
and Ralph Shapiro were two meteorologists working with the astronomers and they invited me
to visit during the summer of 1951. One outstanding astronomer there was V. M. Slipher,
who discovered the red shift 2. I was particularly
interested in the atmosphere of Jupiter. I learned
how to use the telescope, took some spectragraphs of Jupiter and drew a few conclusions
as to how deep its atmosphere might be. lt was
fascinating work but, as I was there for only three
months, I could not become too greatly involved.
H. T. -A few years later, you started to
study the conversion of solar energy into
the kinetic energy of the atmospheric
motion and the concept of available potential energy. Could you expand on this?
E..N.L. -The strength of the cyclones, anticyclones and other systems which form weather
patterns are often measured in terms of their
kinetic energy. Intensifying and weakening weather
systems are those which gain or lose that energy.
When such gains or losses occur, a knowledge
of the source or sink of the kinetic energy is
important. lt is equally important to note that
only a small portion of the Sun's energy reaching
the Earth is converted into kinetic energy of the
2

The displacement of nebular spectral lines towards
the red end of the spectrum. Interpreted as a Doppler
effect, this leads to Hubble's law that velocity is proportional to distance and velocities up to 80 per cent
of the velocity of light have been measured. (Ed.)

H. T. - How did you become interested in
this problem?

H. T. - Did you often have such good ideas
in the middle of the night?
E..N.L. -That was a memorable occasion and
I often thought that maybe one night I would
wake up again with some other good ideas but
it never happened. Any good ideas I had afterwards did not come that way!
H. T. -The next stage of your career took
you to Los Angeles?
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Edward Lorenz with his wife Jane, after receiving an honorary Doctorate of Science degree from McGill University,
Montreal, Canada, in 1983
Photo: courtesy of AMS

E.N.L. -In 1953, I visited UCLA and talked
with Bjerknes and Holmboe and learned that
Neiburger would be on leave the following year.
I accepted an invitation to go as visiting associate professor in his place for one year and I gave
the first course there in numerical forecasting.
I also met Arnt Eliassen from Norway, who visited for several months while I was there. We
became firm friends; in fact, I saw him last week,
when he came to Boston.
H. T. - How did you come to replace Tom
Malone 3 in the faculty at MIT?
E.N.L. -At UCLA, I received a letter from
Henry Houghton saying that Tom Malone was
leaving MIT to set up a Weather Service in
Hartford and asking whether I would be interested in taking over from him. Although I had a
research position which I liked, I decided it
would be better in the long run if I became a
faculty member. I was invited to give a seminar, as is usual when being considered for an
appointment, and was offered the position,
which I took up in 1955.

H. T. -This was also your first encounter
with statistical weather forecasting?

3

Interviewed WMO Bulletin 41 (4) (Ed.)

E.N.L. -As well as taking over his faculty
position, I took over a statistical forecasting
project, which Tom had headed. Statistical
forecasting was considered by some as being
diametrically opposed to numerical weather
forecasting. it was entirely new to me. I had to
learn about the linear methods used and saw
that much could be done. At the same time,
I remained a member of Victor Starr's project
on the general circulation. it was partly because
I was interested in both that I was eventually
able to persuade people that the two types of
forecasting could complement one another.

H. T. -At what stage of your work did you
start using computers?
E.N.L. -After about a year on the statistical
forecasting project, I realized that I needed a
computer and Bob White 4 suggested I acquire
one for my own office. The Royal McBee LGP30 we chose sat in my office for many years. it
was slow by today's standards but fast compared with a desk calculator. Subsequently, my
work revolved more and more around the computer and small models.

H. T. -The study of "chaos" became your
principal interest in place of the general
4
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circulation. Could you explain chaos for
us in simple terms?

E.N.L. -Chaos means something that looks
random but is not random. The theory of chaos
deals with sensitive dependence on initial conditions in non-linear dynamical systems, which
is responsible for the apparent randomness. The
Earth's atmosphere, plus its surroundings, is
chaotic. There is evidence suggestive of chaos
everywhere, starting with observations, practical experimer.1ts and numerical models, which
depend heavily on initial conditions. The absence
of periodicity is perhaps the easiest way to recognize that a system is chaotic. Most of our ideas
about chaos in the atmosphere have come from
working with models. Sophisticated models such
as the large general circulation models used in
operational weather forecasting centres are
chaotic in the sense that small differences and
perturbations eventually become extremely large.

H. T. - How and why did you become
interested in chaos?
E.N.L. - Some statistical forecasters claimed
there was mathematical proof that linear regression was inherently capable of performing as well
as any other procedure, including numerical
weather prediction. I was sceptical and proposed to test the idea by using a model to generate an artificial set of weather data, after which
I would determine whether a linear formula could
produce the data. If the artificial sequences
turned out to be periodic, repeating their previous values at regular intervals, linear regression
would produce perfect forecasts. For the test,
therefore, I needed a model whose solutions
would vary irregularly from one time to the next,
just as the atmosphere appears to do. I started
testing one model after another and finally arrived
at one that consisted of 12 equations. The 12
variables represented gross features of the
weather, such as the speed of the global westerly winds. After being given 12 numbers to represent the weather pattern at the starting time,
the computer would advance the weather in sixhour time-steps, each step requiring 10 seconds
of computation. After every fourth step-or every
simulated day- the computer would print out
the new values of the 12 variables, requiring a further 10 seconds. After a few hours, a large array of
numbers would be produced and I would look
at one oHhe 12 columns and see how the numbers were varying. There was no sign of period-

icity. At times, I would print out more solutions,
sometimes with new starting conditions. lt
became evident that the general behaviour was
non-periodic. When I applied the linear regression method to the simulated weather, I found
that it produced only mediocre results.

H. T. - In which context, and when, was
the term chaos used to express this
phenomenon?
E.N.L. -At one point, I wanted to examine a
solution in greater detail, so I stopped the computer and typed in the 12 numbers from a row
that the computer had printed earlier. I started
the computer again and went out for a cup of
coffee. When I returned, about an hour later, the
computer had generated about two months of
data and I found that the new solution did not
agree with the original one. At first, I suspected
trouble with the computer but, when I compared
the new solution, step by step, with the older
one, I found that the solutions were the same
at first and then differed by one unit in the last
decimal place; the differences became larger
and larger, doubling in magnitude in about four
simulated days until, after 60 days, the solutions were unrecognizably different.
The computer was carrying its numbers to
about six decimal places but, in order to have 12 numbers together on one line, I had instructed it to round
off the printed values to three places. The numbers I typed in were therefore not the original
numbers but rounded off approximations. The
model evidently had the property that small differences between solutions would proceed to
amplify until they became as large as differences between randomly selected solutions.
This was exciting; if the real atmosphere
behaved in the same manner as the model, longrange weather prediction would be impossible,
since most real weather elements are certainly
not measured accurately to three decimal places.
Over the following months, I became convinced
that the lack of periodicity and the growth of the
small differences were somehow related and I was
eventually able to prove that, under fairly general
conditions, either type of behaviour implied the
other. Phenomena that behave in this manner are
now collectively referred to as chaos. That discovery was the most exciting event in my career.

H. T. - Could you give a meteorological
example of the phenomenon?

370

E.N.L. -Consider a hypothetical experiment
involving the development of convective
clouds-the kind where the air is continually
overturning. The clouds cannot be reproduced
easily in the laboratory and the experiment
may have to be taken to a suitable location,
where one waits for the right sort of weather
to arrive. Suppose that, throughout the vicinity
of the chosen location, the weather conditions
of two different early mornings appear to be
identical. As noon approaches, small innocuous clouds may appear one day, while towering clouds and showers appear on another.
This difference may occur because atmospheric convection is inherently chaotic, so
that undetectable small differences at sunrise
can amplify many times over. Even if the
clouds could have been simulated in the laboratory, successive experiments might also
have diverged after beginning with undetectable small differences.
H. T. -You were continuously associated
with the MIT Meteorology Department
from 1946 until 1981. lt would be valuable for readers if you could say what
your reminiscences are about this period,
in particular about your colleagues.
E.N.L. - I had a number of notable colleagues, some of whom I have mentioned
earlier, such as Hurd Willett, who was one of
the best forecasters I knew and a good
teacher. I've already spoken at some length
about Victor Starr. Henry Houghton, who was
head of our Department for 29 years, was a
capable administrator as well as a pleasant
colleague. He brought good people into the
Department, such as Jule Charney and Norman Phillips5. Charney was an outstanding
person. I never wrote any papers with him
but we talked a great deal in his office, during which time he would write equations on
the board. He was a wonderful person to
know. He had a great deal of influence on
meteorologists, not just within the Department but all over the country and the world.
I couldn't begin to count the number of people he helped get started in their careers.
Phillips received a faculty appointment
soon after he arrived. He had some wonderful ideas and was a hardworking person. He
5

Interviewed WMO Bulletin 44 (3) (Ed.)

was head of the Department for several years
after Henry Houghton retired. Erik MolloChristensen, was an oceanographer and
experimentalist at MIT for a few years before
going to NASA in Washington.
During that period also, principally in the
late 1950s, the Department doubled in size
and eventually became one of the larger ones
in the country and, we thought, the best.

H. T. -Your main scientific achievements
could be said to be distributed in three
main areas: atmospheric circulation,
atmospheric predictability, and chaotic
dynamical systems. Do these three topics
follow each other logically or can they be
considered as independent?
E.N.L. -The atmosphere is a chaotic dynamical system and atmospheric predictability is
one aspect of the chaos. I became interested
in atmospheric predictability a long time
before I became interested in chaotic systems
in general. They are closely related. The atmospheric circulation could be said to be a property of the dynamical system that consists of
the atmosphere but it is not closely related to
the chaotic nature of the atmosphere as a
dynamical system. I suspect that much of
what we consider important about the general
circulation would be more or less the same
even if the atmosphere were not chaotic. If it
were simply a dynamical system, the regular
periodic variations might look somewhat like
the variations that we actually see.
H. T. -In 1967 you were invited to give
the IMO lecture at Fifth World Meteorological Congress. Would you like to say
something about it?
E.N.L. - I received the invitation to prepare a
lecture and a monograph well in advance. The
monograph took about a year to prepare. I had
never been to Geneva before and I enjoyed
going there and giving the lecture. I particularly
remember attending some of the meetings during Congress and seeing how things operated.
I hadn't seen much of this type of activity
before and it was quite an eye-opener for me.
I was especially impressed by Bob White, who
showed himself to be a real leader. lt also gave
me an opportunity to go up to Chamonix and
do some skiing in the Alps.
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H. T. -Do you still ski?
£.N.L. - I go to the mountains whenever I can.
I had to give up downhill skiing some years ago
and now do some cross-country skiing. There
is good cross-country skiing in the Boston area
within a 10-15 minute drive and downhill skiing
within a two-hour drive-if there is enough snow.

H. T. - You have always been interested in
outdoor activities. Have these complemented your scientific interests?

now live in Paris, where he teaches. He studied
at Cambridge University in England and spent a
good deal of that time in France because he
was interested in comparing labour problems in
France and England. Our youngest daughter,
Cheryl, is a psychologist. We have always been
a close family and like doing things together,
such as going to the mountains and skiing.
Jane is an artist and a pilot: she had a pilot's
license before she was able to drive a car! I've
been up with her occasionally but not often!

£.N.L. - I see no close relation between my
outdoor activities and my meteorological work.
I have never studied mountain meteorology to
any extent, whereas a number of meteorologists have devoted a good portion of their
lives to this field. Having said that, however,
I have always loved the mountains and one
cannot be in the mountains and not be aware
of the weather. I suspect that the mountains
increased my interest in the weather in the
first place.

H. T. - You are still going to MIT. What are
you doing there now?
£.N.L. -Most of my work today involves either
chaos or the predictability of the atmosphere
and I spend much time devising simple chaotic
models for various purposes. I have written
some review papers on the general circulation
but so much has happened in that field in the
last 25 years that I no longer feel I am up to
date in the subject.
My early work on the general circulation
and chaos was largely funded by the Air Force.
Since 1980, and even after my retirement, the
National Science Foundation, has continued to
support me.

H. T. - Could you tell us something about
your family.
£.N.L. - Jane and I have three grown-up children. Our eldest daughter, Nancy, is a lawyer.
She and her husband live in Boston and have
two children: Nicky, who is 10, and Sarah, who
is six. We see them regularly and babysit for
them. lt is wonderful having them around. Our
son, Ned, is an economist. He taught for a
while at Notre Dame University in Indiana but he
married a French girl a few years ago and they

January 1995, Dallas, Texas, USA- Edward Lorenz
receives the 1995 Louis Battan Award from Warren
Washington, President of AMS, at the 75th AMS annual
meeting.
Photo: courtesy qf AMS

H. T. - If you had to start your life all over
again is there anything you would do
differently?
£.N.L. -That is a hard question to answer. In
view of my interest in chaos, however, knowing
that one little thing could completely change
what happens later, I find it unlikely that I would
do the same things; it is not even certain that
I would become a meteorologist. The one thing
I can be sure of is that I would marry the same
girl-if I met her! Otherwise, I feel sure I would
do something academic, probably involving
mathematics. I got into meteorology more or
less accidentally. If I had done what I had
planned to do before World War 11, I would
probably have taught mathematics.

H. T. -Thank you, Prof. Lorenz. I am sure
readers will find this interview as enlightening and rewarding as I have done.
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Abele Nania

Or Taba recounts:
Pub/ius Come/ius Scipio, one of the outstanding
figures in the history of the Roman Republic, was
born in 236 BC into one of the great patrician
families of Rome. In 210 BC, the Romans sent
Scipio to Spain to face the Carthaginians. In
205 BC, he had secured Roman control over
Spain and was elected consul. He boldly determined to strike at Africa. He crossed to Sicily
with his army and from there snatched Locri in
the toe of Italy from Hanniba/. In 204 BC, he
landed in Africa. After his capture of Tunis, the
Carthaginians sued for peace but Scipio
decided to face Hannibal. The Roman and
Numidian cavalry fell on the rear of Hanniba/'s
army. Hanniba/ was defeated and victory was
complete. This was considered Scipio's
greatest victory, in recognition of which he was
nicknamed: Scipio Africanus. Apart from being
an excellent military commander, Scipio was
also a great admirer of Greek culture and
enjoyed the congenial atmosphere of the Greek
cities of Sicily. His career had shown that
Rome's destiny was to be a Mediterraneannot merely an Italian- power.
More than 2 000 years later, in January 1924,
our interviewee, Abele Nania, was born in the
Sicilian city of Catania. In some respects, Nania's
life resembles that of Scipio's, the main difference being that Nania did not come from a wellto-do family. His father had a difficult time providing the basic needs for his nine children and
the prospects of providing his son with a secondary and university education seemed unattainable. Nevertheless, thanks to his inexhaustible
energy and great sense of responsibility, Nania
managed to enter university in spite of the fact
that Sicilian cities were suffering heavy night
bombing during World War 11. Moreover, the
invasion of Sicily by the allied forces brought
the possibility of contact between local people
and occupiers and, in certain ways, an improvement to everyday life. In 1947, Nania obtained
a degree in physics from the University of
Catania and joined the Italian Air Force Scientific Experimental Observatory for Aviation
Meteorology. He started as a weather observer
and weather-map plotter and did some basic
training in weather forecasting for aviation. In
1952, he attended lectures in dynamic meteorology in Florence given by Prof. G. Fea.

AbeleNania
Photo: H. Taba

Nania was founder and Director of the International School of Meteorology of the Mediterranean in Erice (Sicily), which was recognized as
a WMO Regional Meteorological Training Centre
for Region VI in 1983. The School was especially
active during the years 1980-1987, when a
number of courses on specific weather characteristics of Mediterranean weather, as well as
satellite and radar meteorology, were held. An
impressive number of eminent meteorologists
visited the School during this period. During the
interview, I visited Erice in the company of
General Nania; a most unforgettable visit.
Erice is also the headquarters of the International Centre for Scientific Culture 1/CSC). Its
Director, Prof. Antonio Zichichi, has transformed the beautifully preserved town of Erice
into an international centre for scientific studies.
One of Nania's major achievements was the
launching of a project on the artificial stimulation of rain consisting of seeding clouds with
mineral salts acting as aggregating agent. This
project was carried out in close collaboration
with TECNAGRO (Italy) and WMO.
In 1978, Nania was appointed Director of the
National Centre for Meteorology and Climatology of the Italian Air Force and remained in that
position until 1983. This period coincided with

From then on, Nania's studies and activities took
him on several visits to France, Germany and
the USA, where he made the acquaintance of
many luminaries in meteorology.
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the establishment of the European Centre for
Medium Range Weather Forecasts (ECMWF) in
Reading, United Kingdom. Consequently, the
numerical products of the Centre were used in
Italy to set up a programme for objective
weather forecasting.
In 1983, Nania became Director of the Italian
Meteorological Service and Permanent Representative of Italy with WMO and was elected a
member of the WMO Executive Council. His
participation in the sessions of EC was marked
by great personal interest in the affairs of WMO
and, in particular, developing countries. Indeed,
Nania's interest in helping African countries was
demonstrated at home, as well as through his
participation in WMO meetings. A prime example was the valuable assistance of the Government of Italy to the ongoing WMO AGRHYMET
programme.
While in Sicily, I was delighted to learn that, in
Italy, Nania is nicknamed Nania Africanus, a
recognition he thoroughly deserves and the
reason I started these introductory notes with a
mention of Scipio. Both were military men who
reached the rank of General. Scipio went to
Africa with his army, Nania went, figuratively
speaking, with his concern for developing
nations afflicted by drought. Scipio used his
sword and Nania his little IBM 755 THINKPAD
computer.
Although I had known Nania before, I came to
know him more during the few days we spent
together in Italy to prepare this interview. He is
a warm, considerate and friendly person. When
we separated at the airport, I looked at him
and thought: "There goes Nanius Africanus in
the conquest of the clouds with his computer
under his arm.".

I wish to express my gratitude to Drs Alberta
Gabrie/e, Maria Zaini and Pinofa Savaffi for the
excellent hospitality extended to me during my visit
to Erice. Likewise, I am grateful to Drs Andrea
Dei/'Ange/o and Si/via Bonafdi of TECNAGRO.

This interview took place in Italy in Apri/1996.

H. T. - Let us start this interview by your
telling us when and where you were born
and a few reminiscences about your childhood and family background.
A.N. - I was born in January 1924 in the city
of Catania, Sicily, at the foot of Mt Etna, Europe's
highest active volcano. Despite tremendous
eruptions and earthquakes, the local people
have a feeling of almost filial love for the volcano and have attributed it with a female name,
La Montagna.

There is a feeling common among Sicilians
in general and Catanians in particular that they
have inherited from La Montagna an internal
"volcanic" energy, which materializes in the
form of inexhaustible fantasy and ingenuity in all
human activities embracing the social sciences,
literature, figurative arts, music and scientific
discoveries. The existence of so many illustrious names of Sicilian origin (Verga, Pirandello,
Bellini, Majorana, etc.) supports that boast.
I was the eighth in a family of nine, with
five brothers and three sisters. My father was a
small shopkeeper and had a hard time to bring
up the family, but my brothers and I enjoyed
helping him already as boys.

H. T. -What about your elementary and
secondary education?
A.N. - My childhood was spent in the shadow
of La Montagna. From my bench in the schoolroom, her snow-covered top was visible both on
days with clear sky and on days of bad weather.
The conflicting struggle of high clouds (a typical
multilayered lenticular cloud called /a contessa
deii'Etna) and strong winds appeared as a fascinating natural scenario. Maybe those were the
unconscious seeds that later ripened into my
interest in meteorology!
My schoolteacher, to whom I am eternally
grateful, managed to convince my father that
I should go on to secondary education after
elementary studies. I was the first in the family
to be so privileged; further education then was
the reserve of children from richer families.
According to a family agreement, studying
was considered as a prize only when all other
duties were completely fulfilled; working to
sustain the family was considered the number
one duty.

H. T. - Which university did you go to and
what degree did you obtain?
A.N. - Having been successful at high school,
I was allowed to try for university. Those were
the difficult years of World War 11, when Sicilian
cities were subjected to heavy military attacks
by the allied forces. During one of the fiercest
nights of bombing in Catania, I managed to
cheat death by escaping from a ruined building.
That very night, close by, a girl suffered the
same terrible experience; just one decade later,
she became my wife.
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While the invasion of Sicily upset our family
life and complicated our daily existence, it provided me with the opportunity to improve my
knowledge of the English language and to make
friends with allied soldiers. I also had the possibility of working to earn something to help the
family and to be able to continue my studies at
the University of Catania. I began as a student
of engineering but had to change to physics
after two years, otherwise I would have had to
move from Catania, which was not possible for
family reasons. I obtained a degree in physics
having written a thesis on solar radiation.

H. T. - Did any university in Italy offer a
degree course in meteorology in those days?
A.N. -Little has changed in Italy since that
time; still no Italian University offers a degree in
meteorology. This is certainly a paradox; a
proper solution is required which would take
into consideration recent developments in theoretical and applied meteorology, together with
the expanding use of meteo-climatic information
for sustainable socio-economic development.
H. T. - When and what was your first
meteorological job?
A.N.- As of the summer of 1947, some
months before graduating, I spent two years at
the Air Force Observatory in Messina, where
I received basic training in dynamic and synoptic meteorology. I also took my first steps in the
research field, experimenting with advanced
instrumentation to study atmospheric turbulence of orographic origin and analysing total
solar radiation distribution by means of records
collected in a national network established and
maintained by the Air Force.
H. T. - What other meteorological positions did you occupy?
A. N. -After Messina, I went to the Catania airfield to assist an Air Force wing specializing in
anti-submarine warfare; at the same time, as a
forecaster, I had to formulate weather predictions for military and civil aviation, notably in the
fields of navigation and public safety, with an
area of responsibility extending from Sicily to
the central Mediterranean Sea.
In 1959, I moved to Amendola airfield
(Foggia), where I was chief of the local Weather

Office providing specialized high-altitude
meteorological assistance to the Advanced Jet
Pilot School. That was an interesting experience, since I had the possibility to fly frequently
in military jets, for example to examine what
was going on in and above the cloud systems
during a particular meteorological situation.

H. T. - What can you tell us about the
status of meteorology in Italy today?
A. N. -When we consider meteorology from
the point of view of the national Service, the
situation is the same as it was almost 75 years
ago, at the beginning of the aviation era.
A Meteorological Service was established at
that time by the newly founded Italian Air Force
with the specific task of assisting military
pilots. That situation is clearly inadequate
today, in view of the increasing needs of meteoclimatic information for all human activities.
The difficulty for the military service to provide more specialized meteorological information for users has resulted in regional meteorological services being established within some
civilian regional governments, such as EmiliaRomagna, Veneto and Puglia, to assist their
agriculture-based economies.
Furthermore, it will be difficult to find adequate funding for an ever expanding Meteorological Service as long as expenses are
included in the financial budget of a military
structure. Inadequate attention has been given
to meteorology by universities and scientific
and research institutions with the result that
meteorology has erroneously been conceived
as a restricted military field, with meteo-climatic
data at times being classified as "top secret".
I am happy to have contributed to the explosion
of that myth.
When proper coordination among regional
services and an official national meteorological
body is established, applied meteorology can
assume new and interesting aspects in Italy.
H. T. - On what occasions and for what
reasons did you visit the USA?
A. N. - My first visit to the USA was in 1954,
when I attended a course on high-altitude forecasting at Chanute Air Force Base, Illinois. We
also visited the Department of Meteorology at
the University of Chicago, where I met the eminent scientists Profs. Sverre Pettersen and Her-
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bert Riehl. After Chanute, I spent a period of onthe-job training with American pilots in 1955 at
a US Air Force Base in Spangdalhem, Germany.
From 1963 to 1964 I worked as associate
researcher in the field of jet stream meteorology
and clear air turbulence at Colorado State University with Prof. E. Re iter. I was in contact with
top-level scientists such as W. M. Grayl, L. Grant,
J. Marwitz, A. Schleusener as well as in the
company of students, such as L. Rasmussen
and J. Mahlmar, for whom prestigious careers
in the atmospheric sciences and meteorology
were easily predictable.
In the summer of 1970, forecasters from
various European Services were invited to the
US Navy Weather Research Facility in Norfolk,
Virginia, to compare experiences in forecasting
Mediterranean weather. As well as making a
contribution to the conference, I also learned a
great deal, thanks to eminent scientists of the
likes of Flohn2, Fea, Metaxas, Pledgey and
Sommerfield.

A. N. - I am proud to say that I was, in fact, the
first meteorologist in Italy to use satellite data
operationally. On a two-week visit to the French
Space Centre at Lannion in 1967, !learned the
basics of computing satellite orbits, ephemerous
data and image treatment for meteorological
use. Back at the Centre in Brindisi, I assembled
(with the indispensable help of my collaborators) a simple receiving system with an
antenna, a satellite-tracking mechanism, radio
receiver and facsimile adaptor to reproduce
images. Consequently, as of May 1968, the use
of satellite images was introduced as a routine
activity at the Centre in Brindisi. I later received
official recognition for that work from NASA
through the US Ambassador in Rome, Mr
Maxwell M. Raab.

H.T.- From 1965 to 1972 you were Chief
of the Regional Meteorological Centre in
Brindisi. What were your duties?
A.N. - My duties comprised the supervision
and improvement of all the activities necessary
to formulate detailed weather forecasts for an
area extending from the mid-Adriatic to Sicily
and to oversee and maintain the network of
radiosonde and radar stations.
In order to improve the Service, operational research activities were of paramount
importance and were oriented towards particular fields of synoptic interest such as genesis,
development and decay of cyclones in the Adriatic Sea (these being frequent and dangerous
phenomena in the Otranto Channel) and anomalous mechanisms affecting radar microwave
propagation in the lower Adriatic and Ionian Seas.
H. T. - You were one of the first meteorologists in Italy to use data obtained from
meteorological satellites. Was this during
the period you were responsible for the
Centre in Brindisi?

1
2

William M. Gray presented the Eighth IMO Lecture at
Twelfth World Meteorological Congress (1995) (Ed.).
Interviewed WMO Bulletin 32 (3)

Rome, July 1985- US Ambassador M. M. Raab presents
Abele Nania with a recognition from NASA for his
activities in satellite meteorology.

H. T. - Tell us about your work in Mediterranean meteorology. Who were your
contacts in this field?
A. N. -Because of the proximity of hot desert
(Africa), a cold and dry continent (the Balkans
and Russia) and an extensive water body
(Atlantic Ocean), the Mediterranean basin is
often subject to invasions of air masses with
different thermodynamic characteristics. This
gives rise to important and sometimes violent
phenomena worthy of analysis and study. My
references in the field of Mediterranean meteorology were of course the Italian meteorologists of the previous generation: F. Eredia,
G. De Maio, G. Fea, M. Montalto and M. Bossolasco, while my contacts included a wider
spectrum of scientists, such as V. Radinovic,
Jansa Gardiola, Gazzola, Miro Granada and
Ballester.

376

H. T. - Prof. Fea was a great influence on
you; would you like to say a few words
about him?
A.N. - Prof. Giorgio Fea, father of Italian meteorology, died on 30 March 1990. As a young
physicist, he studied at the famous School of
Nuclear Physics in Rome in close collaboration
with Nobellaureates Fermi and Amaldi until his
interest in the atmospheric sciences and environmental problems incited him to move to
meteorology; he was known for his competence, passion and ingenuity.
Fea was Chief of the Italian Meteorological
Service, Permanent Representative of Italy with
WMO, a member of the WMO Executive Council
and a participant in many WMO programmes
involving international cooperation.
Fea was my professor in Florence in 1952.
He gave brilliant lectures on dynamic and thermodynamic meteorology but it was his personality that fired my enthusiasm. We collaborated
closely and he encouraged me in the foundation
of the International School of Meteorology at
Erice. Considering the great difference in our
respective scientific competence, I have always
wondered what he really appreciated about
me-maybe my continuous involvement in operational meteorology and the endless desire to
explore and do! I considered him a maestro and
am for ever in his debt.

Erice, Sicily, November 1980 - Abele N ani a with
Prof. Giorgio Pea

H. T. - You conducted some research
into ionospheric propagation while you
were in Paris in 1971. You may wish to
expand on this.
A.N. - In Paris in 1971 I attended some introductory lectures on ionospheric propagation in
preparation to the study of anomalies in radar

microwaves ducting propagation which wasand still is-considered a high priority problem
for the national air defence system. I was then
invited to join a NATO group and, for several
years, I contributed to the study of the influence
of atmospheric parameters in altering standard
microwave propagation, especially within atmospheric layers in close contact with sea surfaces (evaporation ducts).

H. T. -When did you have your first
contact with WMO?
A.N. - I was appointed Italian member of CAS in
1973 and my first contact with WMO representatives took place in Versailles, which remains one
of my fondest memories of CAS. After that,
I developed strong ties with the Organization.
H. T. - You are the founder of the International School of Meteorology of the Mediterranean in Erice, Sicily. Please tell us
about it. Where did the idea originate?
A. N. - Considering the importance of the
Mediterranean as a natural laboratory, I always
felt that it was of paramount importance to
have an institution that would attract meteorologists from all the countries bordering on the
Sea and offer them an adequate forum for
exchanging opinions, comparing experiences
and studying further requirements and developments for mediterranean meteorology. I saw
the school at Erice as a bridge between African
countries and the European Centre for Medium
Range Weather Forecasts (ECMWF) at Reading,
United Kingdom, whose establishment was at
that time in advanced discussion among European weather Services. For me, it was an ambitious programme to which I devoted my energy
since the time I was a member of CAS. I am
indebted to Prof. A. Zichichi, Director of the
Ettore Majorana Centre in Erice for helping me
found the School.

H.T.- From 1976 to 1987 you were the
Director of the School. What were its main
achievements during this period?
A. N. - In the 11 years I was Director, I worked
in close cooperation with the WMO Education
and Training Department (under the directorship
of Prof. G. 0. P. Obasi unti11983), programming
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Climatology of the Italian Air Force and
stayed in that post from 1978 to 1983.
Could you please tell us about your activities during this period?

Erice, Sicily, 26 Apri/1980 - Abele N ania with Prof.
A. Zichichi, Director of the Ettore Majorana Centre

annual specialized courses relating to the meteorology of the Mediterranean.
The School quickly became a success in
the world meteorological community. From the
very beginning, students came from different,
mostly developing, countries. One course was
attended by representatives from 75 countries,
which constituted a record.
lt was a great moment for me when the
School was recognized as a WMO Regional
Training Centre for Region VI in 1983.

H. T. - I suppose that, during the time you
were the Director of the School, many
eminent meteorologists visited the establishment?
A.N.- Profs. E. Reiter, G. Fea, V. Radinovic, R.
Bleck, D. Atlas, L. Battan, L. Bengtsson3, J.
Bolle, R. Krishnamurti, C. Finizio, Y. lzrael4, M.
Conte, E. Lingelbach5, A. Speranza, S. Tibaldi,
S. Palmieri, G. Morgan and B. Bizzarri-to mention only a few of them-accepted my invitation
to give lectures at the School. Many interesting
topics were covered: cyclogenesis in the lee of
the Alps and development of low-pressure centres in the western basin, heat wave and lowlevel jet-stream in the Mediterranean, limitedarea models, satellite and radar meteorology
and the use of new-generation digital weather
radar, agrometeorology, climatological problems and numerical weather prediction.

H. T. - You became Director of the
National Centre for Meteorology and
3
4

5

Former head of the ECMWF and currently head of
the Max-Pianck Institute, Hamburg, Germany (£d.).
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Interviewed WMO Bulletin 41 (3)

A. N. - My appointment as Director of the
National Centre for Meteorology and Climatology of the Italian Air Force coincided with the
beginning of operational activity of the ECMWF,
of which Italy was one of the 17 founder nations.
In order to provide useful aids to weather
forecasters, I had three objectives: (a) to introduce to the Italian Meteorological Service the
routine use of numerical products elaborated at
the ECMWF extending to at least five days; (b)
to define and establish a national computerized
system which, by using all existing climatic data
to hand, would convert available numerical
products into objective weather predictions for
as many observation sites as possible. (This
would provide proved and objective climatological experience to young forecasters contributing to reduce systematic pessimism which is a
frequent aspect in operational weather forecasting); and (c) to distribute those new meteorological products free of charge, except for computer time, to all institutions and administrations
requiring them.
As ECMWF's numerical products have
improved, so have our models for objective
weather forecasts. Their success has sparked
increasing national interest, especially among
decision-makers, in the field of agrometeorology.
H. T. -In 1982 the eighth session of RA VI
was held in Rome. What can you tell us
about it?
A.N. - Considering the complex activities with
which I was involved (mainly the restructure of
the National Centre for Meteorology and Climatology and the School in Erice), the time from
1978 to 1982 was a busy one. When the eighth
session of RA VI was held in Rome in October
1982, therefore, I was virtually unknown to
many of the participants. I had to establish and
develop my contacts with other delegates from
the Region in the hope of remedying the previous almost total absence of Italian Permanent
Representatives in WMO activities.
I have pleasant memories of the weekend
during the meeting when a visit to the Erice
School was organized for participants. A large
military plane from Rome to Trapani and back
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was provided by the Air Force so that about 90
participants had a beautiful day visiting the
School and places of historic interest. Sir John
Mason 6 gave a brilliant lecture in the School's
Conference Hall.

H. T. -In 1983 you became the Permanent Representative of Italy with WMO and
an elected member of the WMO Executive
Committee. What are your reminiscences
about this period?

A. N.- Ninth World Meteorological Congress in
1983 assumed for me a particular significance;
I had the possibility to contact members of the
meteorological community and to learn much
about problems of weather observations, satellite and radar advanced techniques, telecommunication systems, scientific research, education
and training needs and all the meteorological
deficiencies to be addressed in developing countries. That Congress gave me a much stronger
feeling about international cooperation concerns.
lt was also that Congress at which I was
elected a member of the Executive Council and
became a member of the EC Panel of Experts
on Education and Training, chaired by R. Kintanar7. The four years working on the Panel
offered a wide range of personal contacts and
professional satisfaction that I will never forget.

H. T. -You played an important role in
shaping the participation of the Government of Italy in the WMO AGRHYMET
Programme. Could you please expand on
this?

A.N. - I have always been strongly in favour of
strengthening cooperation with developing
countries and many of my initiatives were oriented accordingly. The drought affecting the
Sahel region had the dimensions of a socio-economic tragedy and was attracting the attention
of many developed countries. WMO had launched
initiatives to study the meteorological causes of
drought, the specific characteristic of the cloud
systems that produce rain in that area and the
best use of climatological and meteorological
information to optimize agricultural activity with
particular emphasis on the use of reliable
medium-range weather forecasts.
6
7

Interviewed WMO Bulletin 44 (4)
Interviewed WMO Bulletin 43 (4)

By the lucky circumstances of my being a
member of EC, Chief of the Italian Meteorological Service and Director of the International
School of Meteorology in Erice, and thanks to
the strong scientific and political support of
Prof. Zichichi, the Italian Ministry of Foreign
Affairs decided to make a substantial contribution through WMO to the AGRHYMET Programme.
The agreement was signed in 1984 at WMO in
Geneva during a session of EC. I was proud of
my personal contribution that day.

H. T. - You retired from active service in
January 1987. What did you do then?

A. N. - In 1987, I retired from the Air Force
with the rank of Major General, so concluding a
long career during which I had had the possibility to cover all aspects of operational meteorology: as weather observer and forecaster,
weather-map plotter, weather analyst, instructor
and researcher. Summing up, I had spent 40
years in activities aimed firstly to observe the
weather, then to understand and forecast its
evolution. This chain of jobs lacked an important link: an active involvement in programmes
of applied meteorology aimed at modifying the
weather. This opportunity was given to me
when TECNAGRO asked me to collaborate as
scientific coordinator in a project for artificial
stimulation of rain in the southern regions of
Italy (Puglia, Sicily and Sardinia) with funding
from regional government. In 1987, the project
was in its preliminary stage.

H. T. - Can you tell us something more
about TECNAGRO?

A.N. - TECNAGRO is a non-profit-making association-an aspect which was a particular incentive to me. lt was created some 15 years ago
as an association of large Italian industries (Fiat,
Enichem, Montedison, etc.), whose objective is
the introduction of new technologies in Italian
agriculture, water management in arid zones
and related problems generated by desertification phenomena. lt is located in Rome; two
meteorological and radar centres operate for
the Rain Project at Bari-Palese airport in the
south of Italy and at Trapani-Birgi airport in
western Sicily.
For TECNAGRO, I organized in 1990, at
the University of Palermo, Sicily, with scientific
sponsorship by WMO, the International Confer-
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Helsinki, Finland, Apri/1983- Abele Nania with other participants in a meeting of Directors of west European
Meteorological Services

ence on Weather Modification. TECNAGRO also
organized, with WMO, the Sixth Scientific Conference on Weather Modification in Paestum (a
historic place close to Naples) in May 19948.

H. T. - Please tell us more about the
TECNAGRO rain project9.
A.N. -The project for rain stimulation was
prompted by the dramatic meteo-climatic situations affecting agriculture in the arid Puglia
region as a consequence of frequent and long
periods of drought. The experiment covers an
area of about 5 xl 03 km2. After the first year,
the project assumed national proportions when
the Italian Ministry for Agricultural Resources
became a co-financer.
The project (random double-cross) is an
attempt to transfer to the south of Italy the
technologies which have been successfully
applied in Israel for more than two decades. lt
was designed by the late Prof. A. Gagin, a wellknown scientist in the field of weather modification. Seeding is carried upwind at cloud base in
areas of ascending currents; a silver iodide
solution is used as reagent. Satellite images,
meteorological information (actual and fores
9

See WMO Bulletin 44 (2}
See also WMO Bulletin 42 (4), 327-332 and 44 (2},

cast), digital weather radars and a dense network of pluviometric stations are also used.
I obtained scientific sponsorship from WMO,
considering this an important requirement for
the project. A Scientific Committee composed
of R. List (chairman) 10 , R. Gabriel, T. Karacostas,
Z. Levin, B. Silverman and myself was nominated by TECNAGRO and since the beginning
has ensured, through the strict scientific independence of the project, adequate statistical
elaboration of obtained results and production
of a final "uncontroversial" report about any
increase of rain in the experiment area.

H. T. - What have been the results so far?
A. N. - Because of persistent drought conditions and increasing financial difficulty, the
requested population of experimental units necessary to give statistical significance to the
elaboration of the results is still missing; the
"uncontroversial" aspect of the conclusions,
therefore, has not yet been produced. A huge
amount of radar and pluviometric data has been
collected during past seeding campaigns,
which should provide evidence of a cause-effect
relationship between cloud seeding and rainfall

to Deputy Secretary-General of WMO, 1982-1984
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A.N. - The present generation of meteorologists is familiar with computers and numerical
models but frequently has poor first-hand experience of weather and clouds. A number of modern meteorologists, for example, have never
given sufficient attention to the WMO Cloud
Atlas. For me, this is not an exclusive tool of
weather observers; much can be learned from
it that helps us understand what Nature is really
creating and writing in the sky.
Trainee meteorologists must be given the
opportunity to fly; the experience is always useful for weather forecasters in every field of specialization.
Considering the high quality of numerical
products already obtained from world centres
(and the ECMWF in particular), I believe it is
time we went back to short-range forecasting
and nowcasting and to pay further attention to
the mesoscale processes that are responsible
for violent phenomena.

and contribute to optimize future operations in
weather modification experiments.
Thanks to the good results obtained with
the rain stimulation project and responding to
WMO's encouragement to implement technical
and scientific cooperation with the Newly Independent States of the former USSR, TECNAGRO has established contacts with experts
such as Prof.s. Y. lzrael and A. Chernikovll to
develop a project for dissipating cold fog using
liquid nitrogen. The problem of fog is extremely
important for parts of the Po Valley and affects
aviation as well as ground transport with resulting heavy economic losses, not to speak of
loss of life from accidents. Experiments are
expected to start soon.

H. T. - You have been involved in both
operational and research activities for
almost half a century. Which do you think
is more demanding?
A. N. - Research is frequently less demanding
than operational weather forecasting; the brain
has more time to analyse the data. The operational weather forecaster is always urged to
come to a conclusion and cannot avoid giving an
answer even if, owing to inadequate information,
he is not totally convinced. The danger to human
life in civil and military aviation constitutes a
tremendous responsibility for the forecaster as
do timely warnings for fishing and maritime navigation and for the population at large. An eminent professor in atmospheric science in the
USA said that, in his long career, he had spent
only 15 days in weather forecasting and that he
wished never to repeat the experience!
Some research meteorologists assert that
practical experience is not necessary. My opinion, on the contrary, is that it is an indispensable tool to understand the characteristics of
weather evolution, which I call the rhythms of
weather. Research is likely to win medals,
plates and prizes for authors; while good forecasting, even if proved by wonderful results, is
considered the meteorologist's simple duty,
which seldom receives special recognition.

H. T. -What do you think of the present
interest in protection of the environment?
A. N. - lt is interesting to note an increasing
interest at governmental level worldwide about
the protection of the environment. A tribute
must be paid to WMO for bringing the attention
of mankind to all the problems connected to
possible changes in the Earth's climate and
action aimed to enhance awareness about slowing down the process and looking for suitable
and more definite solutions.
H. T. -What is the situation regarding
environmental protection in Italy?

H. T. - What are your views about meteorological education and training?
11
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A. N. - Interest in the protection of the environment has led to the creation of new institutions
or research centres. For this problem, however,
we need the active participation of a well-consolidated national Meteorological Service which
has enough staff to deal with numerical modelling, hydrology, climate change, greenhouse
gases, the ozone layer depletion, etc., and
which, last but not least, can afford to send its
experts to international meetings.
In Italy, coordination among all the abovementioned fields has been moving slowly in the
recent past because of national political instability. I am confident that it will gradually gain
speed, however, since the general importance
of climatic change and the environment is now
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well understood by the authorities. At present,
Italy is one of the most industrialized countries
in the world and must devote resources to
solve problems connected with the protection
of the environment.

ence the pioneering spirit and these I consider
the best awards I have received. lt is in this
spirit, according to L. Battan, that a new generation of scientists will advance and establish
new frontiers in meteorology.

H. T. -What are you doing nowadays?
A.N. - My involvement in weather modification
continues with an a posteriori mesoscale analysis project, which uses all digital radar and pluviometric data collected during seeding experiments in Italy. lt is a complex task that will keep
me busy for a long time to come. At the same
time, I hope it will continue to offer me the
opportunities of contacts and exchange of opinions with meteorologists.
Geneva, 24 May 1983 - After signature of the
EUMETSAT agreement

H. T. -What do you consider the most unforgettable event in your professional life?
A.N.- Foremost among the many unforgettable events in my career is the day in May
1968 in Brindisi, when the first meteorological
satellite image was received using a simple
home-made system. When the black points on
the facsimile paper showed clearly the familiar
shape of the Italian peninsula, we exploded with
joy. Marconi's first experiment in radiowave
transmission could not have produced more
spontaneous and genuine enthusiasm.
More than events, my involvement with
meteorology has caused me much excitement-feelings which I used to call"the pioneer
spirit"-springing from the realization that I was
working in an unexplored field. Combined
weather research and forecasting activities
have offered me great opportunities to experi-

H. T. - How do you feel when you look
back on your life?
A. N. -When I review my life, I thank my lucky
stars for the girl I married and the three boys
we brought up. At the moment, we have seven
grandchildren and the number is growing! We
have had a lovely life together.
In my career, I have been fortunate; I have
had the advantage of all levels of education and
experience and reached the highest rank in the
military establishment. When considering all the
initiatives I have so far carried out in meteorology, the work done, the changes made and my
actual position, I see that my Sicilian character
has unconsciously guided me to this end result:
I would change nothing.
H. T. -Thank you for according me this
interview. lt clearly demonstrates your zest
for life and passion for meteorology.
o

382

George P. Cressman

Or Taba recalls:
In July 1965, the fourth session of the WMO
Commission for Aerology (CAe) was held in
Brussels; Prof. J. Van Mieghem was Director of
the Royal Meteorological Institute of Belgium. Dr
D. A. Daviesl, Secretary-General of WMO, participated, as well as some other staff members.
Prof. Van Mieghem and Dr Davies both spoke of
the importance of the role played by CAe in
WMO programmes and in particular of its pioneering character. The president of the Commission at that time was Dr G. P. Cressman, our
interviewee in this issue.
I met George for the first time in Rome in October 1961 during the third session of CAe, just
one year after I had joined the WMO Secretariat.
My main assignment was to act as secretary to
the Commission. From October 1960 to October 1961, I had worked with Dr R. C. Sutcliffe
(United Kingdom)2 , the outgoing president. During the two weeks of the Rome session, I used
to see George, who was head of the US delegation, every day. I was impressed by the interest he demonstrated, the valuable contribution
he made and, perhaps above all, his firm manner. I came to know him as a determined person, authoritative and ready to press his views.
I was pleased, yet at the same time apprehensive when he was elected president of the Commission, since he was the man I had to work
with for the next four years. The affairs of the
WMO technical commissions are conducted
mainly through its working groups; by the end
of the period, the Commission had a total of
twelve. Most impressive to me, as a newcomer,
was to see the scientific tasks entrusted to the
various groups and the scientists serving on
them. They were men of the highest professional ability, whose names were referred to
throughout the meteorological literature. Virtually all the working groups were required to
study a particular problem, present a report
during the coming intersessional period. Since
most of the work had to be done by correspondence, I was responsible for the Secretariat
coordination. Had it not been for the valuable
guidance and assistance I received from my
colleagues of the Secretariat, in particular my
boss, Oliver Ashford, I would have been at a
total loss. As president, George was demanding. He expected everybody to do the work
1
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George P. Cressman

without delay. He would not hesitate to express
his concern vis-a-vis the chairmen of working
groups and/or the WMO Secretariat with harshness, if necessary. I recall one occasion when
one of the working groups was somewhat slow
in starting its work, an event which worried me
personally. Noting my concern, George called
into his office in Washington one of his young
staff members and gave him the task of
preparing a provisional study and indicating to
the other members a deadline for delivery. This
initiative proved effective.
The working groups were remarkably active
and, at the end of the four-year period, the
Commission had prepared five Technical Notes
constituting a substantial contribution to meteorology. This was achieved with great sacrifice
on the part of the scientists who devoted their
time on behalf of their Meteorological Services
which often bore the financial expenditure.
Another important event during the period
between the third and fourth sessions of the
Commission was the establishment by the Org-
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anization of the WMO Advisory Committee. In
the beginning there were some fears that the
work of this new Committee might overlap with
that of the Commission. As president, George
played a major role in interpreting appropriately
the tasks of each of these two bodies with the
result that the Commission welcomed the WMO
Advisory Committee as an important element
of the Organization.
At the 1965 session in Brussels, the Commission agreed to a proposal submitted by its
president and established an Executive Working
Group composed of the president and vicepresident of the Commission and another three
members to be selected by the president. In
addition to monitoring the progress of the
working groups, the Executive Working Group
would be available to provide guidance for
urgent international programmes and planning
for the World Weather Watch; an extremely
useful innovation.
When the fourth session of the Commission
came to an end, George Cressman was promoted to the post of acting Director of the
United States Weather Bureau, a task which
required all his time and attention. Thus, George
finished his term of the office with a flourish. Or
Gabites (New Zealand) succeeded him. The
highlight of the fourth session was a reception
at the castle of Lack en, when the participants
were presented to their majesties the King and
Queen of the Belgians: a memory which George
cherishes greatly.

George received the 22nd /MO Prize in 1977
and is an honorary member of the American
Meteorological Society.
I decided to write these introductory notes
since certain aspects of George Cressman's
career do not come out sufficiently in the interview. Because of a promotion in the WMO Secretariat, I did not serve the Commission the full
period of four years and did not attend its next
session. I shall, however, always retain pleasant memories of the Commission and, in particular, of George and his tolerance vis-a-vis a
beginner.

I subsequently saw George several times in
Washington and in Geneva, where he met my
family. One of George's hobbies was hunting
with a bow and arrow. Once, when discussing
this, my son who was about seven years old
was listening with rapt attention. For years after,
he asked me if George had yet succeeded in
hitting an animal and to his disappointment my
answer was always no. Before my departure
for this interview, my grandson, who is four
years old, asked me if I was going to hunt lions
in America. I said I was going to see a friend
who had hunted for years but I doubted he had
ever hit his quarry. He asked if the name of my
friend was Robin Hood. Upon my r.etum to
Geneva, he was-like his father before him-

most disappointed that the level of performance of Robin Hood had not noticeably
improved. For this reason, we decided to call
George "Robin Hood Eco/o" (for ecologist).

I was happy to see George once again after so
many years and wish him and his family every
happiness.

This interview took place in Washington
DC, USA, in July 1996.

H. T. - Please tell us about the date and
the place of your birth and something
about your parents.
G.P.C. -I was born in October 1919 and grew
up in West Chester, Pennsylvania. My father
was a manager for public schools in the county
school administration. His area of responsibility
included a number of schools belonging to a
religious sect which ignored county requirements. This created many problems for my
father. Later he accepted a position on the faculty of a teachers' college. My mother stayed at
home and kept the household.

H. T. -At what stage of your life did you
want to become a meteorologist?
G. P.C. -Since there was little entertainment
for children at the time, my friends and I spent
much time after school enjoying outdoor activities such as soccer, swimming, ice skating,
etc., depending on the season. Guessing the
future weather from the clouds, wind and their
changes was a natural part of those activities,
leading to my interest in the weather. At school,
I became interested in physics and mathematics and went on to major in physics at Pennsylvania State College (now University). I hoped
that physics and mathematics might some day
provide a solution to the problem of weather
prediction.

H. T. -Was there a meteorological training
programme? Who were the professors?
G. P.C.- At that time-1937-Helmut Landsberg3 was head of a small group giving meteorology courses. I met him at an early date, and
he took an interest in me. Hans Neuberger was
there, specializing in instruments. A year or so
3
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later, Prof. Victor Conrad arrived from Austria.
His English was weak and I was asked to receive
private lectures from him, correcting his English.
His speciality was climatology, which has always
been an important subject in Austria. In this way,
I was given a foundation in Kbppen-Geiger climatology. For exercises in dynamic meteorology
Dr Landsberg gave me reading assignments in
Exner's book on the subject-in German, of
course. These studies were useful to build on in
subsequent graduate studies. I attended a conference in Vienna, many years later, and realized that I understood what the Austrian climatologists were talking about!

H. T. -What was meteorological training
like in those days?
G.P.C. -Not much was said about forecasting
at Penn State, but we had a state-of-the-art introduction to it. At that time, the state-of-the-art
approach to teaching forecasting was rather like
"Well, now that you have studied meteorology
you can practice forecasting, where you can
learn from your mistakes.". Petterssen's textbook, Weather Analysis and Forecasting (1940),
presented a number of equations which used
the current sea-level pressure field and the latest
three-hour tendencies for extrapolation of present features of the weather map. These were
taught to forecasting students at the time, but
were seldom used by them after leaving school.

H.T.- You entered the Air Force Weather
Training Programme. Tell us about it.
G. P.C.- When I graduated from Penn State in
1941, graduate school in meteorology was available at the expense of the US Air Force. I applied
for the programme, was accepted and assigned
to attend a New York University class. Comparable
programmes were taught at four other universities
also, for the purpose of developing a meteorological service for the US Air Force. The matter was
urgent because of World War 11. Somebody had to
provide meteorological support for the new Air
Force. At New York, Prof. A. F. Spilhaus, an interesting and able professor, was Department Chairman teaching dynamic meteorology. Gardner
Emmons led the synoptic programme. I still
remember his extraordinary and astonishing forecasting skill. When this course was over for me,
I was retained to teach in the synoptic laboratory
for the next class for nine months.

H. T. - What was the status of dynamic
meteorology in those days?
G.P.C.- lt is safe to say that dynamics played
no significant role in forecasting during the
1930s and 1940s. The Norwegian cyclone
model was taught and used. Considerable opinion was expressed that it was unrealistic to use
a wave cyclone model applicable to the North
Sea as a basis for forecasts almost everywhere. True, in principle, but the concept of
fronts and wave cyclones was (and still is) useful in forecasting outside the tropics, where it
was irrelevant. lt gave us development patterns
and a structure to recognize. lt was a model
allowing forecasters to apply "characteristic"
behaviour and observed trends in making a
short-range forecast.

H. T. -Tell us about your stay at the
University of Chicago.
G.P.C. - I was sent to Chicago to teach synoptic laboratory to new Air Force students. This
turned out to be a pivotal move for my future
career, as Rossby was Department Chairman. lt
had been only two or three years since Rossby
had presented at Toronto a paper of unrivalled
significance in the history of meteorology. lt
was entitled "Planetary flow patterns in the
atmosphere" and contained the stunning conclusion that "the factors determining the stationary
or progressive character of the motion are to
be found in the vorticity distribution and that the
displacement of the pressure field is a secondary effect". This was the key to the coming
revolution in dynamic meteorology and in forecasting. The question that was to occupy us in
the future was at hand; namely to understand
the full significance of Rossby's conclusion.

H. T. - You were then sent to the western
states to do forecasting, where you
encountered the Krick method. What was
your reaction?
G. P.C. -After another nine months at Chicago,
the Air Force sent me out to do forecasting at
several different air bases in the western USA. At
one location, I encountered the Krick method of
long-range daily forecasting, and was not
favourably impressed with this so-called method. lt
was essentially the use of analogues stretched
out to many days in the future. This was in the
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George Cressman (right) receives the 22nd IMO Prize from Dr D.A. Davies, Secretary-General of WMO, at a ceremony
in Washington DC, USA, in March 1978.

early 1940s. I saw it used, but I never saw it verified. To my mind, it didn't work and the claims
made for it were preposterous and unprofessional. I refused to have anything to do with it.

H. T. - You were then transferred to
Florida. Tell us something of your experiences with forecasting hurricanes.
G. P.C.- A strong hurricane was approaching
on a northward path toward the Air Force base
where I was assigned. The operational question
was if and when to evacuate aircraft and personnel. A forecast was politely but firmly
demanded of me. No steering current could be
identified and I didn't understand the situation-a forecaster's dilemma. Lacking any better idea, I made a 24-hour forecast by simple
extrapolation, setting the evacuation of many
military aircraft into motion. Fortunately, it was
a lucky forecast, being almost perfect. Neartotal destruction over southern Florida south of
Miami, including our base, followed.

H. T. - Did you make any discoveries from
your work in forecasting tropical cyclones?
G.P.C. -Several years after the event in Florida, a
monstrous typhoon proceeding northwards in the

west Pacific, broke through the subtropical ridge
and seemed unforecastable. On subsequent examination, I recalled the idea published by Rossby to
the effect that the resultant of the Coriolis forces
acting on a circulation could be strong enough to
influence the motion of both cyclonic and anticyclonic circulations. I realized that this effect should
be a significant factor in forecasting hurricane
motion, especially if the storm has a large diameter. Of course, this can't be done unless horizontal
profiles of the wind through the hurricane can be
measured at appropriate levels-a good task for
weather reconnaissance flights.
This raises another question I never heard discussed. Considerable effort has been made to
modify the rainfall from convective clouds. No
doubt there has been some success in seeding the
clouds with dry ice to change the phase of water in
the clouds from liquid to ice. If this could be done
asymmetrically on a large scale in a hurricane, the
horizontal distribution of Coriolis forces might be
altered, subsequently affecting the resultant Corialis force and the motion of the storm as a whole. lt
could also result in greatly expanded employment
for lawyers, for years!

H. T. -Why did you go to Puerto Rico in
1945?
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G. P.C. -When the war was drawing to a close,
I was at Great Falls, Montana, when I received a
telegram from Rossby saying that he wanted
me to visit him. I hitched a ride in a bomber on
delivery and was deposited at Chicago. Rossby
had an irresistible proposition. After the war, he
wanted me to run a department synoptic weather
station at the University of Chicago, and work
on my Ph.D. I would also be responsible for
daily map discussions, which were to be an
integral part of the larger research programme
there. There was a catch, however: he wanted
me to go first to the Institute for Tropical Meteorology in San Juan, Puerto Rico for five or six
months to help complete a research contract. lt
meant leaving my small family behind but, if
there ever was an opportunity for the future,
this was it and I had to accept.

H. T. - Who were your colleagues in San
Juan and what was your task?
G.P.C. - Herbert Riehl 4 , Bernard Haurwitz,
Elmer Schacht, Manuel L6pez and I worked on
finishing and putting together documentation of
tropical perturbations such as waves in the
easterlies and extended polar troughs in the
tropics. Meteorologically, it was a good time to
do this work, as the extensive data available
from wartime flights in the subtropics were not
likely to last much longer. These descriptions
became basic literature for tropical and subtropical meteorology for a number of years.

H. T. - What did your work consist of when
you returned to Chicago?
G.P.C. - I returned to Chicago to establish the
small weather station in the Department of
Meteorology. Rossby was planning to use it as
a focus for serious discussions on the topic of
the general circulation. He asked me to present
a daily map discussion on the broad circulation
of the day. Staff members were required to
attend and contribute. Eric Palmen5 was one of
the regulars, and took a great interest in these
daily events. He and Chester Newton focused
much of their attention on the jet stream, which
led to several important papers. I concentrated
on the planetary waves and the large-scale
changes, observed and forecast. I was able to
approximate the barotropic component of the
4
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forecast by construction of constant absolute
vorticity trajectories and by using Rossby's
equation for the propagation of long barotropic
waves. There were many visitors, some staying
for periods of as much as several months or
more, who took part in the discussions. Jack
Bjerknes, Eric Palmen, Tor Bergeron and Sverre
Petterssen were prominent among them.

H. T. - During this period you also wrote
your thesis. What was the theme?
G.P.C.- My thesis, finished in 1949, was
based mainly on the behaviour of the long
waves in the westerlies as a basis for forecasting. Daily calculations of the strength of the
near hemispheric belt of tropospheric westerlies enabled forecasts of displacements of
large-scale troughs and ridges. Group velocity
calculations allowed forecasts of their amplitude changes, which are usually associated with
cyclogenesis or anticyclogenesis at the surface. Broadly speaking, it was essentially barotropic forecasting of the larger-scale atmospheric systems.

H. T. -Why did you then leave Chicago
and go to Washington?
G.P.C. - I left Chicago after receiving my
Ph.D. with a great deal of regret, because
I loved working there. lt had been an absolutely
unparallelled opportunity to work with the people there. Neither before nor since has there
been such an assembly of talent under such
fantastic leadership as there was in those
years in Chicago. Although Rossby offered me
a staff ap-poirrt~thica-go-;- Petterssen,
who was Director of Scientific Services for the
Air Force Weather Service, offered me a position as a sort of consultant without portfolio,
which I couldn't afford to turn down. He wanted
me to visit field weather installations, do what
I could to improve their operations and to make
recommendations to him on my return. I was
also to participate in difficult or unusual situations such as forecasts for exceptionally long
flights, improving the tropical analysis and forecasting work at some major Air Force centres.

5
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H. T. -You were involved in forecasting
for the first atomic explosion. Would you
tell us about it?

G.P.C. - I was involved in leading the forecasting for the first two atomic bomb test series
c?nducted in Nevada. In the latter project, predicted blast wave and radioactive fall-out were
the important forecast problems. lt is hard to
convey the emotional shock of enduring such a
blast, either from a great distance or much
closer from inside an underground shelter.
H. T. -Did you have any local, special
observations?

G.P.C. -We had quite a few local, special
observations and I think in retrospect I made a
mistake in not requiring more. We ran the
weather service for the first series from Nellis
Field at Las Vegas. The explosions were scheduled for the early morning hours. For one of the
shots, I left the weather station and climbed the
airport control tower. The visual effects were
spectacular: all kinds of illuminations of the
ionosphere. When the shock wave arrived
I thought the glass in the control tower w~uld
break. Everything was rattling uncontrollably.
The tower itself was rolling and shaking. All this
was at a distance of more than 113 kilometres.
H. T. -What was the status of numerical
weather prediction in those days?

G.P. C. - In the early 1950s, there was much
talk about the possibility of numerical weather
forecasting as soon as suitable computers
became available. Fj0rtoft's6 graphical integration proposal aroused a great deal of interest
just at a time when the construction of digital'
electronic computers was under way. I was
given the opportunity to spend six months at
the Institute for Advanced Study at Princeton,
where a powerful digital computer was under
construction. lt was called the Johniac, after its
designer, John von Neumann.
H. T. -What elements provided the motor
for development in numerical weather
prediction?

6
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G.P.C.- There was an urgency about attaining
a new level of accuracy in daily forecasts.
Firstly, poor public forecasts of two major winter
storm developments over the eastern states
had been embarrassing to the Weather Bureau.
Serious changes were needed or the public
might correctly conclude that we meteorologists
should all be fired. Secondly, Prof. Norbert
Wiener of the Massachussets Institute of Technology published his view that the dynamic
approach to numerical forecasting was the
wrong way to attack the problem and should be
abandoned in favour of a statistical approach.
The third point was that early trials of numerical
prediction had been spectacularly successful in
correctly forecasting (after the fact, of course)
two cases of winter storm development using a
three-level quasi-geostrophic forecast model. In
consequence, we went chasing success with
multi-level quasi-geostrophic forecast models
and it took some time for us to realize we were
starting at the wrong end of the problem. Initially, we should have concentrated our efforts
on barotropic forecasting, as Rossby's group in
Stockholm did, and left the more complicated
problem of baroclinic forecasting until later. Our
best forecasts at that time and for several years
later were made with a barotropic forecast
model having only enough horizontal divergence
to suppress the largest-scale retrograde waves
that had been anticipated in 1939 by Rossby.

H. T. - How was the Joint Numerical
Weather Prediction Unit set up?
G.P.C. -The early operational numerical forecasts did extremely well with hemispheric
barotropic models and gave us the time needed
to learn how to make baroclinic forecasts and
to obtain the computers needed to use them.
The weather services of the Air Force and the
Navy and the Weather Bureau collaborated in
this effort by establishing, staffing and supporting the Joint Numerical Weather Prediction Unit
in 1954. In 1958, the Navy left the joint venture to establish its own group at Monterrey to
concentrate its work on special Navy requirements. The Weather Bureau took over full
responsibility and funding for the unit.

H. T. - Can you say something about the
attitude of the Weather Service forecasters at that time?
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G.P.C. -My main familiarity with field weather
forecasters at that time was with the Air Force.
There was much interest in the new ideas but, at
the same time, an undercurrent of regret; many
feared that the days of the meteorological maestro were drawing to a close, along with a sort
of subliminal fear that the fun was over and forecasting would never be the same again.

H. T. -When did you use objective analysis?
G.P.C. -Our first attempt at objective analysis
involved fitting a quadratic surface to the data
received from around a grid point and then
interpolating to the location of the grid point to
obtain the value of the parameter being analysed. The arithmetic took longer than we would
have wished and the resulting analysed field left
more room for improvement than we had
hoped, requiring further smoothing.
We then took note of a rather different
approach, first tried by Bergthorssen and Doos.
Here, we started with a first guess to the
answer and then analysed the field of the differences of the reported values of the variable
from the first guess. The first guess was usually
extracted from the previous forecast. We
employed successive scans of the analysis procedure, with scans being made using successively smaller domains. The wind law used could
be either geostrophic or balanced. The whole
analysis procedure was easy to programme,
flexible and stable, with a minimum of accidents.
lt ran very speedily on computers of the time.

George Cressman (left) with Robert T. Ryan, president of
the American Meteorological Society (AMS) in 1993 and
broadcast meteorologist with WRC- TV in Washington,
DC, USA
Photo: courtesy AMS

vincing, however, leaving no doubt in my mind
of the sounding measurements. Then I constructed a two-level model, using the primitive
equations. The domain covered by the model
covered most of the southern hemisphere. Initial data came from a representation of the climatological zonal wind components. After running the model for several days, a stable
solution was achieved, with descending air over
central southern Africa being conveyed out over
the south Atlantic ocean. This indicated that an
initially zonal flow would be turned by the largescale orography, producing descending motion
and the dry air which is then carried across the
southern Atlantic ocean. The model worked
beautifully, but I was not completely satisfied
with the explanation of the dryness.

H. T. - You have programmed and run
successfully a primitive equation model
yourself. Could you tell us about it?

H. T. - When was the National Weather
Service organized?

G.P.C. -In my time at the Joint Numerical Prediction Unit, I had constructed several atmospheric models, all of the filtered variety, and did
not join the race for primitive equation models.
Fred Shuman was our expert in that type of
modelling. After I retired as Weather Service
Director, I worked at the National Meteorological Centre for several years. One problem that
interested me was how to explain the incredibly
low humidities at upper tropospheric levels over
the South Atlantic Ocean and especially over
southern Africa. The southern African radiosondes were manufactured by Vaisala. I challenged
Vaisala on the accuracy of the humidity reports
and lost. Their calibration data were most con-

G.P.C. -In 1963 or 1964, Bob White 7
replaced F. W. Reichelderfer8 who retired as
Chief of the Weather Bureau. The former
Weather Bureau became the National Weather
Service. lt was evident that a "service agency"
would be treated better in American politics
than a "bureau". Bob asked me to become the
Director of the National Weather Service, and
I accepted. Additional name changes followed,
but it is still the National Weather Service.

7
8
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H. T. -Can you tell us about your contacts
with WMO, where and when they began?
G.P.C. -My first contact with WMO came
when I was asked to attend, as a US delegate,
a meeting of the WMO Commission for Aerology in Toronto, probably sometime around
1953. Meetings of the Commission were pleasant and uncontroversial. My main recollection is
that the technical commissions of WMO were
able to do a great deal of useful work. In the
USA, we convinced the Commission for Synoptic Meteorology (CSM} to take urgent action to
clean up the unsatisfactory procedures and
codes used in exchanging data between
nations. The CSM responded vigorously and, in
a few years, had virtually overturned the old
ways and done much valuable work in expediting international data flow.

H. T. -You were also the president of the
Commission for Aerology.
G.P. C. -When the Commission held its third
session in Rome in October 1961, I was the
principal delegate of the US delegation. Dr R. C.
Sutcliffe was president and chaired the session.
I recall that there were more than 80 participants from 41 countries and some six international organizations. Apart from local dignitaries, the then President of WMO, Mr A. Viaut9
also attended part of the session. What
impressed me most was the scientific importance of nearly all the items on the agenda. At

George Cressman during his term of office as president of
the WMO Commission for Aerology (1961 to 1965)

the end of the session, I was elected president
to replace Dr Sutcliffe. I was extremely happy
to have Dr J. S. Sawyer (United Kingdom} as
vice-president.

H. T. -The US Government helped Mexico
to set up a number of radiosonde stations.
Can you tell us about it?
G.P.C. -The Weather Bureau helped Mexico
set up and operate a number of radiosonde stations. The rationale for this was quite simple:
we needed them. Atmospheric disturbances
can propagate at the speed of the group velocity and can effect changes in atmospheric systems at considerable distances in a short time.
In assisting the Mexicans with their upper-air
network, we helped ourselves. The data supply
situation constantly changes. The two most
important changes in the acquisition of data
have been meteorological satellites and the
vast amount of high quality data now coming
from commercial aircraft and Doppler radar.

H. T. -After your retirement, you went as
a consultant to China, Australia, Spain and
Brazil. Could you please tell us what your
mission consisted of in each of those
countries?
G. P.C. - I was invited to China, together with
Mrs Cressman, to survey their Meteorological
Service and problems and to make recommendations for improvements. We stayed for several months.
Australia had a serious need to update
and improve their meteorological equipment
and, in their opinion and mine, needed an outside review of the matter in order to establish
credibility of their request for a major re-equipment programme. Once again, Mrs Cressman
accompanied me. lt seemed obvious to me that
the Australians had reached the limit of improvisation and I strongly supported them, with the
hoped-for results.
The Spanish Service wanted some help in
planning large-scale modernization. Mrs Cressman and I made several visits to Spain over
several years, with good results.
Brazil hoped to establish a major numerical prediction centre and wanted evaluation
and planning help. Mrs Cressman and I spent
9
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about three months there. We saw some of our
Brazilian friends only last year and were
pleased to hear they are making progress.

vorticity and cyclone winds were substantially
stronger than the real ones and produced a
cyclone forecast for the wrong reasons.

H. T. -Could you please tell us about one
of the most significant events in your
professional life?

H. T. -What are you doing nowadays?

G.P.C. -While there were so many important
events, the most significant was probably the
great east coast storm of 24-25 November
1950. This storm was unpredicted by the
usual methods of the time, much to the
embarrassment of the profession. My family
and I were in Pennsylvania visiting my parents
at the time. I remember the disastrous official
forecast the night before (fair and colder) and
the direction of cloud movements (broken altostratus moving rapidly from the south-east, as
clearly seen by moonlight) the night before the
storm. I told my father: "This doesn't look to
me like 'fair and colder' for tomorrow. We will
have to leave early in the morning.". A fierce
and destructive storm struck the next day with
very strong winds, flash floods and heavy
snow. Only after a difficult drive did we arrive
home in Washington.
The data for days ahead of the storm
were saved, forming a most important test
case for early numerical baroclinic models. The
first test numerical forecast of the case was
one of considerable importance because it was
a success, quite by accident. The geostrophic

G.P.C. -By virtue of being a survivor, I have
been called on to lecture and to write about
the early history of meteorology, the latest
being a chapter for a historical volume to be
available this year by the American Meteorological Society. Mrs Cressman and I have been
indulging in considerable European travel, managing to get back to France almost every year.
In fact, we have just completed a stay there;
France is one of our favourite countries.
This is an important year for our family.
Three grandchildren are in the process of
selecting and enrolling at universities for the
coming academic year. I had forgotten how
complicated that could become. The candidate
has to decide what type of profession interests
her or him and with the guidance of parents to
see how the university education is to be
financed from the outset. The grandparents
can but watch with interest.

H. T. -Thank you, George, for according
me this interview. I have enjoyed sharing
memories of past events and common
friends with you.
o
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Richard (Dick) Hallgren

Or Taba recounts:
I asked the driver of the taxi to stop at 1200
New York Avenue, the Washington DC Office of
the American Meteorological Society (AMS).
I went to Suite 410 and entered. Dick Hallgren
was on the phone. I was surprised to see him
sporting a cravat-something I had rarely seen
him wear before. I was flattered, thinking that it
was in my honour that he had dressed formally
but was soon disillusioned upon seeing his
shoes discarded by his desk. As I waited for
Dick to finish his call, I debated with myself
whether I should also take off my shoes;
perhaps he would propose that we should sit
cross-legged on the floor to conduct the
interview. Those who know Dick know that he
has some original ideas.
Although I nearly a/ways know my interviewee
personally, nevertheless I always prepare myself
beforehand by collecting as much biographical
information as possible, either directly from
source, through literature or by mutual acquaintances. In this particular case, I was certain
that I would have access to all sorts of information, since Dick is an eminent personality in
meteorology and outstanding in international
matters. To my consternation, I could not find
much. I called the Boston Office of AMS and
left a message for Dick to supply me with what
I needed. After some weeks of silence I called
him again and enquired if he had received my
message. Gracefully, he admitted that he had
received it and had ignored it. So I decided to
formulate a series of questions, mostly trivial,
which proved to be useless during the interview.
Once Dick started talking, however, I could not
fail to be fascinated by the ability, talent and
energy of the man I thought I knew.

Richard E. Hallgren

tional Research Department. His next assignment was in the Department of Commerce,
where he became Science Adviser to the Assistant Secretary of Commerce.
lt was during this period that Dick came to know
Or Robert (Bob) M. White 1 , who was Chief of
the US Weather Bureau. The two men developed enormous respect for each other's talents
even though they were of rather different
characters. Bob recognized Dick's enormous
energy and versatility, his detailed knowledge
of events and his ability to push through a
programme even despite considerable obstacles. On the other hand, Dick saw in Bob White
a father figure, at /east in many aspects of
science and government policy. This was the
period after the launching of the first meteorological satellite, when the idea of developing a
much more effective World Weather Watch was
taking shape with the full cooperation of the US
State Department. Bob White decided to bring

For those who do not know Dick Hallgren well,
there follow some introductory notes.
Dick was raised in a small town in the northwestern part of Pennsylvania. He was an enterprising young man and, while still in middle
school, started a chicken business. He also
became involved in trapping small animals for
their fur, an activity which has now fallen foul of
the Environmental Protection Act and other
efforts to conserve wildlife. After receiving his
Bachelor's degree in meteorology from Penn
State University, he became a weather forecaster in the Air Force and served some time in
North Africa. After two years, he returned to
Penn State University and obtained his Ph. D. He
received an offer from IBM to join their Opera-

393

1

R.M. White was the first WMO Bulletin interviewee in
January 1981 (WMO Bulletin 30 (1))

Dick with him to Geneva to attend a WMO Executive Council session where many new ideas
were being formulated to adapt to the new and
successful meteorological operations and the
possibilities they offered. One of these was
closer integration with the Intergovernmental
Oceanographic Commission and the development of what was to become the Integrated
Global Ocean Services System (IGOSS). Dick
played a key role in the development of that
programme and in the plans and implementation
of the World Weather Watch (WWW) and the Global Atmospheric Research Programme (GARP).

I am personally grateful to Dick Hallgren for his
interest in my interviews and his constant
encouragement. it was he who proposed to
WMO Congress and the Executive Council that
the Bulletin interviews should be published
together in one volume. The first volume was
issued in 1988 and, at the time of writing
(October 1996), the second volume is in preparation. What greater personal pleasure for me
than seeing the interviews with the two men
I admire so much start the first volume and end
the second one.
Or Hallgren received the Arthur S. Fleming
Award as one of the I 0 outstanding men in
Federal Government for his leadership nationally and internationally. He was awarded the
Department of Commerce Gold Medal for the
direction of the Barbados Oceanographic and
Meteorological Experiment. In 1977, he
received a special award from the Administrator of NOAA for outstanding management of
NOM's Ocean and Atmospheric Service Programme. In 1980 and 1986, he received the
Presidential Rank Awards of Meritorious and
Distinguished Executive, respectively. In 1986,
also, he received the Charles Frank/in Brooks
Award from the American Meteorological Society and, in 1990, he received the International
Meteorological Organization Prize.

At the beginning, because of the way his mind
worked, Dick was not always persuasive in his
proposals at the orderly pace of the WMO meetings. When he spoke, he would immediately leap
forward towards the conclusion and often did
not take the time to fill in all the intermediate
steps. His style was better adapted to informal
individual conversations with the other delegates, at which he was a master. He never lost
an opportunity outside meetings to buttonhole
a delegate and would argue a point insistently
and he loved arguing with John Zillman2 and
Yuri /zrae/3 . People soon learned that Dick was
an able person with a thorough grasp of a problem in all its detail.
In this interview, readers will/earn about the
various positions Dick held in NOAA. He became
an Associate Administrator and finally Permanent Representative of the USA with WMO. In
this capacity he realized the importance of US
contributions to the work of WMO. He was ready
and willing to follow Or White's footsteps of supporting new programmes either by additional
funds or through the secondment of experts.
One of his particular views was that the WMO
Long-term Plan should not be too detailed. He
was a great admirer of John Zillman but was
not always on his side. They were well-matched
opponents and at times equally obstinate in
defending their own points of view.
After some 10 years, Dick felt he had done most
of the things he wanted to do in the Weather
Service and the AMS offered a new career. it
was a sad moment for many of us when Dick
left the Executive Council.
As the new Executive Director of AMS, Dick
introduced some changes, such as establishing
educational programmes for pre-col/ege students
and undergraduate and graduate scholarships.
I was delighted to discover that Or White had
an office in the AMS Washington headquarters.
The two men can therefore continue to exchange
views and interact in an immediate fashion as
they have done in the past.

2
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Elected President of WMO at Twelfth World Meteorological Congress (1995)
Y. A. lzrael, interviewed WMO Bulletin 45 (1)

This interview took place in Washington DC in
September 1996.

H. T. - Let us start this interview by your
telling us where you were born and something about your parents.
REH. - I was born in March 1932 in northwestern Pennsylvania in a small coal-mining
town. I am half-Swedish and half-ltalian. Both
sets of grandparents came to this country
around 1890 and both my grandfathers started
work in the coal mines. lt was a place of dedicated, hardworking people and life was simple.
My parents married when they were in their
mid-thirties-late in those days. Neither of
them had more than a high school education
but they were absolutely determined that
I would have the chance to go to college and
have the opportunities they hadn't had.

H. T. -Tell us a little about your schooling.
REH. - My high school had only 130 students
in the ninth, tenth, eleventh and twelfth grades.
We had one teacher for each major subject and
the Principal taught all the mathematics courses.
They were good teachers and we had the
opportunity to learn if we applied ourselves.
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R.E.H.- When I was finishing my Ph. D., some
people tried to persuade me to apply for an
assistant professorship position but I wanted to
work for a large corporation. There was a different attitude in those days (over 35 years ago)
about leaving academia and working for industry. Now it's commonplace and the larg~st sou~ce
of future employment in this country IS possibly
through the private sector in a wide variety of
activities. IBM made me the offer of joining
their Operations Research Department and
1 accepted. I quickly found that the operational
research people there didn't understand the
mathematics of operations research. I moved
over and became Head of a Systems Engineering Department, which focused on scientific
satellite systems. We had contracts to study a
satellite sferics sensor and ways to modernize
the field services of the Weather Bureau in the
light of the technology and needs of the day.

H. T. - How did you become interested in
meteorology?
R.E.H. -As far as I can remember, it was
thanks to my Uncle Frank Caimi, on the Italian
side who was a high-school teacher in another
part' of Pennsylvania. He and I used to go h~k
ing on Sunday afternoons and he loved talk1ng
about the weather and clouds. I think it was
those Sunday afternoon hikes that created my
interest in meteorology from an early age.
H. T. - What did you study at university?
What degree did you obtain?
R.E.H. -In 1949, I went to Penn State University, which had a small but good meteorology
programme. At that time it was unusual to study
meteorology as a freshman. I finished my Bachelor's degree there in 1953. Charley Hosier,
Hans Neuberger, Hans Panofsky and AI Blackadan, all distinguished names in the field, represented literally the entire faculty.

H. T. - Then you went to the Department
of Commerce; what was the nature of
your work there?

H. T. - What did you do after obtaining
your degree?
R.E.H. -After graduating, I was commissioned
as a Second Lieutenant in the Air Force. I became
a weather forecaster for two years (1954 to
1955) and spent some time in North Africa. lt
was my first forecasting experience on a dayby-day basis and was excellent experience.
H. T. -Afterwards you went to graduate
school. What did you do?
R.E.H. -After my two years in the Air Force,
went back to Penn State University to do graduate work. I started work on cloud physics under
Charley Hosier. There weren't many graduate.
courses in meteorology, so there was a possibility to study other subjects. ~took man~
courses in physics and some m aeronautical
and electrical engineering. I always had a great
interest in the technological aspects of the
world-there is a little of the engineer in me.
That helped me tremendously and I would
strongly recommend a wide background to
anybody entering the field of meteorolo~y.
1 wrote my dissertation on the aggregation of
ice crystals to form snow.
1

H. T. - How come you went to work for IBM?

R.E.H. - I went as Science Adviser to the
Assistant Secretary of Commerce for Science
and Technology, J. Hebert Holloman. lt was the
era of new satellite capabilities, advances in
computers and numerical weather prediction.
Jule Charney and Tom Malone were pushing for
an international programme to make longerrange forecasts. President J. F. Kennedy gave
his famous speech before the UN in 1963
which stimulated a great deal of planning internationally. Nationally, the lnteragency Committee for International Meteorological Programmes
was formed. Holloman was the Chair and members included Hugh Dryden, Deputy Administrator of NASA; Lelan Hayworth, Director of the
National Science Foundation; Harold Brown
who was in a senior position at the Department
of Defense, and later became Secretary of
Defense; Harlan Cleveland, who was Assistant
Secretary of State for International Organizations
and later Ambassador to NATO; and Bob White,
who was Chief of the US Weather Bureau. The
World Weather Watch had just been named by
Wexler and Bugaev and the Global Atmospheric
Research Programme started to emerge both
nationally and internationally. lt was an extremely
exciting period and I was lucky to have been a
young scientist involved in the planning.
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Keystone, Colorado, USA -With Mr Zou Jingmeng, former President of WMO (1987-1995)

H. T. - Is that when you met Dr White?

(ESSA) asked me to stay on in the Government
and help him. I resigned from IBM and became
the first and last Director of the Office of the
World Weather Systems.

R.E.H. - I had met Dr White when I was at IBM
but we didn't know each other well. During the
period I worked for Holloman we came to know
each other much better. During the whole of
the planning activity for GARP, we were working
together almost every day.

H. T. - I assume that your acquaintance
with Dr White brought you into contact
with WMO?

H. T. - I have heard you refer to Charley
Hosier and Bob White as your mentors.
Could you expand on this?
R.E.H. -Ever since undergraduate days, Charley
Hosier was a major influence on me. We had
many interests in common, besides meteorology, and we were from a similar background in
Pennsylvania. Over the last 45 years, I have
never made a decision concerning my professional life without consulting Charley. As to Bob
White, I still refer to him as "Dad" because I feel
so close to him and he has influenced my career
so much. Bob White and Charlie Hosier are my
two mentors-how lucky can one person be?
H. T. -What did you do when you left the
Department of Commerce?
R.E.H. -After about a year and a half as Science Adviser on secondment from IBM, Bob
White, who was then Administrator of the Environmental of Science Services Administration

R.E.H.- As Administrator of ESSA, Dr White
was Permanent Representative with WMO. The
first WMO meeting in which I participated was a
session of the then Executive Committee in
1966-30 years ago. I remember the meeting
rather well, because we were trying to write
the first World Weather Watch Plan to submit to
Congress the next year.
H. T. - Tell us what your work entailed with
WMO.
R.E.H.- My primary activity was trying to plan
the World Weather Watch and formulate both
nationally and internationally the series of experiments within the framework of GARP. I was also
working on a concept called the Integrated Global Ocean Stations System (since renamed the
Integrated Global Ocean Services System), whilst
retaining the same acronym, IGOSS). I viewed it
as the World Oceanographic Watch, which just
happened to have another name. One of the dif-
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ficulties in the planning was the division between
meteorologists and oceanographers. We were
trying to set up a joint international WMO/IOC
organization for IGOSS and, nationally, we were
trying to find ways of encouraging cooperation
between meteorologists and oceanographers.
lt was during this period that we carried out
the Barbados Oceanographic and Meteorological Experiment (BOMEX). This was a major
air-sea interaction experiment and resulted in
a higher level of cooperation between meteorologists and oceanographers. lt also taught us
many lessons about large-scale field experiments that would prove useful in GARP.

H. T. - lt must have been about this time
that NOAA was created and you moved
there?

R.E.H. - NOAA was created in October 1970.
In a sense, it was a major expansion of ESSA,
and Dr White was named Head. He had led all
the planning of the organizational structure and
used some of us in ESSA extensively in that
regard. I became Associate Administrator for
Environmental Monitoring Prediction. lt was also
in that period that the planning of the Environment Conference in Stockholm was taking place.
H. T. -What did your new job involve?

R.E.H. - In addition to WWW, GARP and IGOSS,
I was assigned the National Oceanographic
Instrumentation Centre, the Marine Mineral
Technology Centre, the National Data Buoy Project, the International Field Year for the Great
Lakes and the Manned Undersea Programme
for NOM's first year. I was also named US
Member on the Tropical Experiment Board, the
Tropical Experiment Council and led the US
effort with regard to the Global Environmental
Monitoring System (GEMS). lt was exciting and
fun, although working 18 hours a day was a bit
much, I was learning about many activities in a
wide variety of ways.
·
H. T. -The year 1973 saw a radical shift
in your career. What happened?

R.E.H. -In 1973, I made a major change and
went over to the National Weather Service as
Deputy Director under George Cressman4. What
4
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I wanted to do was to modernize the Service
by obtaining new large computers for the
National Meteorological Centre and installing
local warning radars at more locations, as well
as automatic meteorological observing stations.
The largest and most dramatic effort was called
the Automation of Field Operations and Services, which consisted of establishing a much
more sophisticated communication system and
installing computers at all weather stations for
the first time. In our field, modernization is a
continuous process with spurts along the way.

H. T. - What was your greatest motivation
behind making this change?

R.E.H.- This country has more severe weather
and flooding than almost any other nation in
the world-certainly much more than in Europe
and maybe the same amount as China-and it
is this which drives the Weather Service. Every
part of the country is affected and it was probably that more than anything that motivated me
to join the Weather Service. I felt the time had
come for me to focus on the severe weather
and flood warning service in the USA. We were
developing our knowledge of mesoscale meteorology and our geostationary satellite system
was in place. The possibilities existed to do
something quite far-reaching on the mesoscale
and where severe weather takes place. I essentially left GARP; I stayed with IGOSS because
that was a service component; and I stayed
with the World Weather Watch, but I essentially
turned my attention away from international
activities to activities in the USA for a period of
three to four years and I put all my energy into
this exciting work.
H. T. - How did you become Director of
the National Weather Service?

R.E.H. -A new administration came in and Dr
White left. I went back to Headquarters as Assistant Administrator for Oceanic and Atmospheric
Services. Having been George Cressman's
deputy for four years, it could be said that I now
became his boss but I always say that I work
with someone or that people work with menot for me. In 1978, George decided to retire
and I preferred to go back to the Weather Service as Director than stay at Headquarters.
I was assigned the job and started planning
another effort to modernize the Weather Ser-
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vice. I became Permanent Representative with
WMO in 1981.

H. T. - How do you view your achievements at the Weather Service when you
look back?
R.E.H. - lt is a delight to see the entire network of radars that are installed across the
country; most of the automatic stations have
been installed, the new geostationary satellites are up and functioning; and the profile
networks for wind observations are over
some parts of the country. I understand that
the decision has been just taken to implement
the new Automated Weather Information Processing System for each of the local weather
stations. With these technologies and the outstanding, dedicated employees throughout
the Weather Service, we are already seeing
the benefits of much better severe weather
and flood warnings and forecasts. They have
a tremendous value, not just for the safety of
life and the protection of property but also for
the quality of life.That is a tremendous step
forward and I'm pleased that I was part of the
planning of it when I was Director of the
Weather Service.

Annecy, France -Dick Hallgren (right) with Gordon
Cartwright (centre) and John Zillman

H. T. - You were probably one of the most
popular members of the Executive Council. You had the reputation that whenever
members got into difficulties over a decision, they could call on you to find a solution. Was this thanks to your experience
or because of your personality?
R.E.H. -First of all, I think my deep involvement and commitment over a long period of
time were an invaluable asset. A second element

was that we all knew each other so well. I am
interested in people and I worked hard to understand them and let them know enough about me
so that they might understand me. As a result,
we built up some good relationships over the
years, which were useful in times of difficulty,
together with a little humour which I injected
whenever I could. I'm pleased to hear that I was
regarded as helpful.

H. T. -You also had the reputation of being
stubborn and getting what you wanted.
R.E.H. - I have heard that before but the decisions we took were of tremendous importance
for our field in the future. I felt that we should
be far less compromising. I knew most of us
would agree on what is important in the final
analysis. I always tried not to put US interests
first but rather those of the world meteorological community.
H. T. - One example of your talent and
cooperation was long-term planning. Tell
us about it
R.E.H. -Any credit for long-term planning
belongs to John Zillman. I was involved from
the beginning; we all felt that we had to
develop better plans for all of WMO's programmes. But most important was to build a
far better World Weather Watch-the question
was how. We had many intense discussions,
made possible by the fact that we were all
good friends. The World Weather Watch has to
serve both the developed and the developing
worlds and the planning has to be done in such
a way so that it serves everybody to the extent
possible. Knowing the individuals and understanding what they needed in their Services
was a help.
H. T. - Did you have any difference of
opinion with your Soviet colleagues when
you were working on the long-term plan?
R.E.H. -If I were to isolate one area which
caused some difficulties, it was the way individual nations functioned. In the USA, we had a
public-private partnership developing, i.e. we
had a commercial structure to help build our
systems, whether it was a new radar, new satellite or a new computer and to provide weather
services to specific clients. That was an
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unknown concept in the Soviet Union. Also,
because of the Cold War, we refused to sell
them our large computers, which they needed
badly, and this caused some stress and tension.
On the other hand, we were working together to
improve observing and communication systems
and on environmental monitoring and in these
areas and many others, we were in agreement.
I consider Yuri lzrael one of my closest friends.

climate services will help agricultural and
energy distribution activities and the use of
water resources, for example, and everybody
will benefit on a world-wide basis.

H. T. -What are your views about WMO
activities in climate and climate change?
R.E.H. - First of all, I don't see a large difference between weather and climate. I think we
should be trying to emphasize the common
aspects and the similarities rather than the differences. Admittedly, differences exist but they
are far outweighed by the similarities. I believe
WMO has done an excellent job in developing
programmes that generally improve scientific
understanding of the atmosphere for all time
ranges of prediction. The climate question has
brought meteorology to the centre of both
international and national policy issues. What
we meteorologists say can make an enormous
difference to the way nations act and have an
enormous impact on economic conditions
around the world. So far we have been doing
quite well, we have collaborated through various mechanisms, particularly the Intergovernmental Panel on Climate Change, in trying to
determine collectively what is happening to our
climate as the result of human activities and
also in order to gain a much deeper understanding of the sciences relevant to understanding climate. We are coming to the point,
however, where actions could have far-reaching
implications on the economies of countries and
we have to be sure that we are providing the
best possible advice. We must not overstate or
understate our case.
H. T. -How do you see WMO's climaterelated activities evolve?
R.E.H. -Better predictions on every timescale from the shortest to the very longest can
be decisive in how well we adapt to and cope
with any climate change. We have to articulate
more clearly how important our services are to
this process. Even if the climate doesn't
change as much as we expect, huge climate
variations will remain and the provision of good

Dick Hallgren with (left) Ynri Izrael and (right) John
Zillman in Geneva during a session of the WMO
Executive Council

H. T. - How do you view the present and
future status of meteorology and the
en vi ron ment?
R.E.H. -The atmosphere, and therefore meteorology, are at the centre of most regional and
global environmental issues. WMO has been
successfully involved in environmental issues,
particularly ozone depletion, all aspects of climate, local pollution and acid deposition. On
the other hand, Meteorological or Hydrometeorological Services have not been part of the
national environment programmes as much as
they should be. In the USA, the Weather Service is too frequently regarded as a provider of
weather services and not as being absolutely
fundamental to environment programmes. In
many countries, I am disappointed to observe
that it is as if the weather people are dealing
with the pure atmosphere and the environmental people are dealing only with the dirty, polluted atmosphere. A Global Environmental Monitoring System (GEMS} or Global Environmental
Observation System is imperative for coping
with known and potential environmental issues.
I am delighted to read about the Global Climate
Observing System, the Global Ocean Observing System and so forth. Many of the observations needed for weather are also needed for
climate and in the Global Observing System of
the World Weather Watch we have an ongoing
system that can form a large and solid base
for providing a more comprehensive observational programme.
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H. T. -The Nobel Prize chemistry has
been awarded to three meteorologists. Do
you think there has been enough recognition of the work of meteorologists?
R.E.H. -This was a beautiful example of scientists joining together to tackle a problem and
finding a solution. They thoroughly deserve~ the
award, not only because it was an outstandmg
scientific achievement but also because they
become involved in a policy issue that the world
is now taking action to address. We shall be seeing more environmental problems in t~~ future
and there will be even more opportun1t1es for
meteorologists to be centre stage. Frankly, I am
hoping other meteorologists will receive the
Nobel Prize-1 am thinking, for example, of Ed
Lorenz5 and his work.
H. T. -You were always a strong advocate
of hydrology in WMO?
R.E.H. -If the Hydrological Service is not part
of the Weather Service, the two have to work
together in full cooperation. Whether it's a question of floods, low water, water resource management or river traffic, the link between operational hydrology and the Meteorological
Service is a natural one. lt was a tremendous
step forward when WMO became active in
operational hydrology. Long before I became
Permanent Representative, I realized that
hydrologists were under-represent~d in the.
WMO decision-making process. I tned to bnng
about a higher level of awareness of hydrology
by my activities on the Council. I well remember the HOMS project when it first came up for
consideration in WMO in 1977. The concept
was practical and absolutely wonderful and a
number of us worked to get it approved. lt has
been a superb programme and I understand
that it has been emulated on the meteorological and climate side. I feel to an ever increasing degree that WMO has to serve hydrology
better, not just operationally but in the research
aspects as well.
H. T. -What about the international
exchange of data?
R.E.H. - 1consider this the most important
policy issue ever confronted by the field of
5
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meteorology. What is so striking is that the
concept of the free and unrestricted exchange
of data was so well accepted as a way of working internationally in meteorology that nobody
thought to write it formally into the WMO Convention. lt was taken for granted that it would
automatically be there. That that situation is
now in jeopardy is ironic after the message
which emerged from the Second World Climate
Conference in 1990 and the United Nations
Conference on Environment and Development
in 1992. That message was that everyone,
every nation, every institution around the world
should be assured the best environmental information available on which to make any development decisions. Meteorology is the only field
that has really practised free and unrestricted
exchange of data. At a time when we should be
the leaders in conserving that concept and
spreading it to other scientific fields among all
nations I am worried we may go in the opposite dir~ction. I hope common sense will prevail-if not, it would be a tragedy.

H. T. - Now we come to the stage of your
life when you moved to AMS: how did that
come about?
R.E.H. - 1had been President of the Society in
1982 and had served in other assignments in
terms of the volunteer systems that underpins
any professional scientific society. I had been
Director of the Weather Service for about a
decade, which is a long time. Ken Sp~ngler 6
was retiring as Executive Director and 1t seemed
like a perfect opportunity to remain involved in
meteorology both nationally and internationally
yet not at the same pace as was required of
the Director of the Weather Service. lt was
probably unusual for someone who had been
President to become Executive Director but
you shouldn't spend your whole life in just one
activity if you have opportunities to do otherwise. lt looked like a good opportunity for someone of my age-1 was nearly 56 years old-to
do something else.

H. T. -Are you pleased with the change?
R.E.H. -I'm extremely pleased with the change.
First of all, I'm only the second Executive Direc-

6
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Cosmos Club, Washington DC, USA- A succession of chiefs of the US National Weather Service (from right to left):
Francis Reichelderfer, Bob White, George Cressman and Dick Hallgren

tor. Ken Spengler was the first and served in
the post for 40 years. After almost a decade,
as well as working to improve our journals and
continuing our excellent scientific meetings,
I feel I have been able to bring some additional
dimensions. One example has been to interact
more on the national scene on a policy basis;
another has been to move forward with electronic publishing, which is the way of the future;
another has been to become more aggressive
with an educational programme, because meteorology is a superb way of getting children interested in science generally: it is unfolding right
before their eyes and is a way of teaching
them physics, chemistry and mathematics.

H. T. - I believe you have been successful
in acquiring scholarships from the private
sector for meteorology students?
R.E.H. -The corporations are interested in
contributing to the field and this is a way in
which they can make a difference. So far it's
been very successful. We now have a large
number of scholarships and fellowships-about
40-that are helping first-class students in the
USA through their studies. Half a dozen or so
are funded by individual members, a few are
funded by collective contributions of individual
members but the great majority-approximately 30 of them-are funded by the private
meteorological industry. We are trying to

attract the best of young students because our
field will be only as good as the people in it.

H. T. - My first interview for the WMO
Bulletin was with Dr White and it took
place in the University Corporation for
Atmospheric Research (UCAR) office. Is Dr
White still in contact with UCAR?
R.E.H. - He is the former President of UCAR
and now has the formal title of UCAR Senior
Fellow. Bob is a past president of AMS and
I am on the UCAR board of trustees. He is,
therefore, even institutionally, more involved in
meteorology now than he had been during a
decade as President of the National Academy
of Engineering.
H. T. -What was the most unforgettable
event of your professional life?
R.E.H. - I have always tried to find a way to
express how important international activities
are to me. I would never have dreamed that
I would have had the opportunities that I've had
in my life, particularly internationally. To meet
people from every country in the world, to have
some of my closest and dearest friends from
other countries, to be able to interact and learn
about people from different parts of the world,
different cultures, different ways of thinking, different backgrounds. lt is not an event as such
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but, professionally, this has been the most
treasured component and experience.

H. T. - So that means that, if you lived
your life all over again, you wouldn't
change anything?
R.E.H. -That is obviously an overstatement,
but I certainly would want to make sure that
the international dimension was part of my professional life. I hope other meteorologists realize how important that is in the overall picture.
H. T. -Would you like to tell us about your
family?
R.E.H.- Here, too, I have been lucky. Maxine
and I grew up together in the same little town
in north-western Pennsylvania and we married
in our early twenties. We have three children,
the oldest has just turned 41 years of age. Our
two sons are medical doctors; our daughter
has a master's degree in wildlife management

and is a naturalist at the Park Service of Maryland. They all went into the life sciences but
they all took their calculus and physics;
I insisted on that while I still had something to
say about what they did! We are both proud of
them and their accomplishments but I have to
say that it was Maxine who raised them while
I was gallivanting around the world and working
long hours. lt was she who allowed them to
develop the way they did, giving them opportunities to participate in all kinds of sport and cultural activities, and made them what they are.
I was lucky that I had someone who had that
level of patience with regard to what I did while
making sure that the children weren't forgotten.
Now we have three grandchildren-Jessica,
Jeffrey and Karissa. I hope that a part of their
life will be an interest in international activities.

H. T. -Thank you. I wish you and your
family a long, happy, successful-and
international-life!
0
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Prologue to the first volume of Bulletin interviews
By H.

TABA

Many readers of the WMO Bulletin have asked me how I got the idea of
publishing personal interviews with meteorologists. There were several reasons, but
perhaps the main one was that when I came back from my summer holiday in
September 1980 I heard that Professor Jacques Van Mieghem had died. His sudden
disappearance affected me deeply; we had worked together for many years and I had
conceiyed a profound respect for him. I wished very much that I had kept something
his thoughts expressed in a letter or his recorded voice would have been a valuable
souvenir. It was then that it occurred to me that, even if I had missed my chance with
Van Mieghem, I could still document the reminiscences and reflections of other
eminent scientists.

Dr Hessam Taba

Then people often we1;1t on to remark that, after having made public the life
stories of so many interviewees, it was time that I revealed my own. Although I do not
presume to equate myself with such great people, perhaps my experiences as, for
instance, an airman in the Iranian Air Force, a student under Professor Carl-Gustav
Rossby and an international civil servant in WMO for 24 years might be of some
interest and contribute in a small way to adding perspective to the history of our
science.
I was born in Tehran on 20 July 1923 which, according to my mother, was an
exceptionally hot day. Tehran was then still quite a small city of only a few
hundred thousand inhabitants. Life was a good deal harder in those days, and few
mothers were able to give birth in a hospital, it was necessary to call on the services of a
midwife. As it happened, I was born on the stone slabs of the garden before the
midwife or my father got there; as my mother used to joke, I was in such a hurry to get
out. I have to admit that all my life I have felt the need to get things done as quickly as
possible.
Before I was four years old my parents put me in the care of an elderly lady who
looked after other children (mostly girls) during the daytime. Since we were too young
to start learning to read or write, the old lady used to read to us in Arabic from the
Koran. Since this went on each day for several hours, I could recite all the verses of the
Koran by heart atthe age of five. My father was immensely proud of this.

403

In those days primary school classes were overcrowded, and teachers were not
professionals. Discipline was rigid, corporal punishment was administered frequently
and teachers devised all sorts of other ways of chastising pupils. I entered secondary
school at the age of 12, and this coincided with the return of the then Crown Prince
Mohammed Reza and his brothers and sisters from Switzerland. I was chosen as being
fit to be one of the classmates of the two princes. We were together for five years.
I finished secondary school in 1941. The Allied armies had by then occupied
Iran; the Russians were in the north and the Americans and British in the centre and
southern parts, Tehran was an island in the middle with the Shah and the so-called
Iranian army. Under the circumstances we had not been sure whether the doors of the
military college would be open, but in fact life was going on more or less as before and I
was accepted. The college was characterized by extremely harsh discipline, emulating
the French system. Our programme consisted of an almost complete B.Sc. course plus
all the military exercises and training; the day's work started at 6 a.m. and went on
until 8 or 8.30 p.m. We had to live in the college, but were allowed out in principle for
up to 36 hours a week. However, permission was usually withdrawn for one reason or
another. The old Shah had had to leave the country and the two princes went too.
Soon after starting at college we had to choose between the various branches:
infantry, cavalry, artillery, engineering or the newly-established aviation section.
Without hesitation I enrolled for aviation. During the two years at college I was
prepared for my training as an aircraft pilot, and left with the rank of second lieutenant
to join the flying school. After about a year the General commanding the Iranian Air
Force came to our air base, and a friend and I were called for personal interviews with
him. We were told that the Iranian Air Force needed a meteorological section and that,
on the strength of our good marks in mathematics and physics, we had been selected as
candidates for training in meteorology, a word that was then quite new to me. The
General took us both in his staff car to an airfield near Tehran where there was a
meteorological unit of the British Royal Air Force under the supervision of a
Group Captain Moore and his assistant who was called Taylor. The General
introduced us, and requested the officers to give us initial training as meteorological
observers.
There were no formal courses in meteorology there, we were simply entrusted to
the duty observer who took us out and showed us the Stevenson screen and its
contents, the raingauge, the anemometer, the barometer and all the other instruments
used in making a meteorological observation. To begin with we had great difficulty in
understanding his explanations, because at school we had only learned French as a
foreign language. However, as time went by we were able to assimilate more easily, and
in a few months we were told that we were now ready to take the initial forecasting
course that was given at the British air force station at Heliopolis, near Cairo. We were
the only two foreigners out of about 14 participants, and because of our poor
knowledge of English we again encountered serious difficulties in following the
four-month course.
When we returned to our airfield near Tehran, Group Captain Moore arranged a
special programme for us, choosing for our instruction a meteorologist who spoke
French. This chap went far out of his way to tutor us thoroughly in aeronautical
meteorology and practical forecasting. He was none other than Uri Schwarz, who later
joined ICAO and represented that organization at many sessions of WMO Congress
and other constituent bodies. I believe he is now the Executive Secretary of the
Canadian Meteorological and Oceanographic Society.
Wlien the British left after the war, the meteorological office was closed down.
My colleague went back to the flying school, and there was not very much that I could
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do except work on my own and write simple meteorological texts for use by pilots. In
about 1948 I was posted to the airfield at Abadan, which had been expanded and fully
equipped by the Americans before they left. I had to take over as deputy director of the
airport.
Iran Airways had already started internal flights, and Abadan was one of the
destinations. With the equipment at my disposal I set up a synoptic station, making the
observations myself during the daytime (and sometimes in the evening as well) and
transmitting them to Tehran. But with the growth of the airline's movements, the
Government soon saw the need for a Department of Civil Aviation, which would
include a meteorological service. The founder of the Iranian Civil Aviation
Department was the husband of Princess Ashraf, the twin sister of the Shah. He was an
Egyptian who had taken Iranian citizenship.
In 1949 a young female professional meteorologist of German origin came to
Tehran. She was married to an Iranian, and was well educated and highly capable,
having been a glider pilot (German meteorologists had flown gliders to take
supplementary observations), and the Director of Civil Aviation lost no time in asking
her to establish a meteorological service in Iran. I was called to Tehran to collaborate
with Mrs Arasteh, and we set up several synoptic observing stations in various parts of
the country. Our task was greatly facilitated by the fact that the British had had a
weather station in practically every consulate, and all we had to do was to collect the
consulate instruments and install them at the nearest airfield if there was one. In this
way quite a number of synoptic stations appeared for the first time in 1949, and
routine observations, very often 24 hours a day, were sent to Tehran. I was given the
responsibility of training civilian and air force observers.
At about this time it was brought home to me that my own training was
inadequate, even though I learnt much from Mrs Arastch (she later remarried and
became Mrs Shahrokhshahy). I petitioned the Iranian Air Force and the Director of
Civil Aviation to send me abroad for further training. After much deliberation this was
agreed to. The British Overseas Airways Corporation was one of the foreign airlines
that came regularly to Tehran, and BOAC gave me a free ticket to London to join the
initial forecasting course.
I left Tehran on 1 January 1950, spent a night in Tripoli and reached London the
next afternoon. The Meteorological Office training school was then in Kingsway, near
the centre of London, and was under the direction of Mr Patrick Mea de. Thanks to my
earlier training course, my subsequent experience and my better command of English,
this time I had much less difficulty; indeed l had one of the best marks in the final
examination.
Mr Meade then called me to his office and told me that he had arranged for me a
special programme of further training, consisting of a radiosonde course at
Downham Market in Norfolk, and practical training at Gloucester, London Airport
and Prestwick in Scotland. This would keep me busy until October 1950. When I
returned to London I found that arrangements had been made for me to go to Sweden
for further practical experience. I received a free return air ticket from SAS and landed
in Stockholm on 8 October. The next day I reported to the Swedish Meteorological and
Hydrological Institute headquarters and was introduced to the Director-General,
Dr Anders Angstrom, and his deputy, Dr AlfNyberg. Returning to London at the end
of the year, I found that Mr Meade had already arranged for me to take the advanced
forecasting course at the Met. Office training school. This was quite exceptional
because the course was usually reserved for those who had done the initial forecasting
course and then had several years' practical experience under operational conditions. I
very much enjoyed the course.
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Before returning to Iran, I went for further training at the headquarters of La
Meteorologie nationale in Paris for three or four months. In early May 1951 I was
married to a Swedish girl who had been one of the secretaries in Dr Angstrom's office.
We returned to Tehran together.
I found that things had changed a great deal during my eighteen months' absence;
a small Meteorological Service had been created, observers I had trained were already
at work in various parts of the country, and Mrs Shahrokhshahy had made contact
with the fledgling World Meteorological Organization. The growth of the
Meteorological Service reflected the extension of civil aviation in Iran; the
Government received active supp01t from ICAO, and experts were helping in various
fields such as airport management, air traffic control and telecommunications. In
particular, ICAO, in collaboration with WMO, sent a Norwegian meteorologist called
Anda to Tehran to train forecasters. He contacted the University and personally
selected a bunch of graduates in mathematics and physics and gave them a course of
more than one year. They were the first graduates in meteorology trained in Iran, and
these postgraduate courses in meteorology became a regular feature until very
recently.
Not long after my return to Iran, Mrs Shahrokhshahy left the Meteorological
Service for personal reasons and I was appointed to succeed her as chief. Iran was not a
Member country of WMO in those days, but, as already mentioned, we had contacts
with the Organization. During the period 1951 to 1953, Dr Mossadegh was Prime
Minister, and it was he who was behind the nationalization of the Anglo-Iranian Oil
Company, a move that had an adverse effect on the economy of the country. Most of
the development plans had to be shelved. Although I occupied a good position, I
nevertheless felt uneasy not having had a proper academic education in meteorology;
it seemed to me that the head of a Meteorological Service should be at least a
university graduate. Therefore I submitted several requests to be sent abroad again for
advanced study, but these were all turned down. Finally I asked to take an accumulated
four months' leave in Sweden in order to be with my wife's family, and that was
granted.
The first thing I did on arriving in Stockholm was to contact the SMHI and ask
whether I could be allowed to do some on-the-job training. Dr Angstrom agreed, and
the duty forecasters were very kind, spending long hours in explaining things to me.
Meanwhile, my wife resumed her previous work. One day she told me that she had
heard that Professor Carl-Gustav Rossby had come back from the USA and had
established a meteorological institute in collaboration with the University of
Stockholm. Of course I had heard quite a lot about Rossby, not only through the
meteorological literature but also from Mr Meade in London who had strongly
recommended that I try to find some way of studying under him.
Therefore I looked up the address of the institute and set out to find this man
Rossby. I remember very well that it was a warm July morning. The address turned out
to be in an industrial part of town, and when I located the building it looked more like
a small factory than a centre of science. I took the lift to the fourth floor and found a
door marked 'Institute of Meteorology- University of Stockholm', rang the bell and
waited. After quite a long time the door was opened by a gentleman who looked at me
and, drawing the obvious conclusion that I was not Swedish, addressed me in English.
When I said that I was looking for Professor Rossby he let me in and took me to a small
library. He inquired what was my business with Professor Rossby, and I told him all
about wanting to continue studies in meteorology and my desire to meet this eminent
scientist about whom I had heard so much in order to seek his advice. This person
seemed determined to have my personal history in minute detail before he would take
me in to the director of the Institute. After quite a long time a young gentleman entered

406

the library and spoke briefly to my interlocutor who left the room. Introducing himself
as Bert Bolin, he started asking me the same questions all over again. I became rather
impatient, saying that my only purpose in coming was to see Professor Rossby. Bolin
then told me that the gentleman I had been speaking to for the past two hours was
Professor Rossby.
When Rossby came back, he kept me talking for another hour. When he asked
whether I wished to study at Stockholm, I replied that I would have liked to very much
indeed, but did not see how I could manage it when I knew virtually no Swedish.
Moreover there might well be financial problems; although I was still drawing my
salary from Iran, I could not count on that indefinitely. Rossby said that a couple of his
Swedish students spoke English well and would help me, and I could ask my wife to
translate things. He also hinted that it might be possible for me to have a job with a
regular income. It seemed that he had made up his mind to have me at his Institute,
and when Professor Rossby had decided on anything, he usually had his way.
I started the very next day, working in the library from 8 a.m. to 4 p.m. Rossby
brought me books and papers to read. A few days later he told me that he had a project
on behalf of the USA's Geophysics Research Directorate and that I could work on it
and receive a salary of $US !50 a month, quite a lot in those days. Then one morning I
was surprised to find my wife sitting in the office next to Rossby's; she said she had
been recruited as Rossby's personal secretary. It is still a mystery to me how Rossby
had inveigled Dr Angstrom to release her.
Since it was the summer vacation period the Institute was fairly empty. Rossby
often spoke of one of his favourite students, promising that as soon as he returned he
would be able to assist me with my studies. And indeed this admirable man did
everything he possibly could to help me over a number of years. When I failed the
mathematics examination he seemed sadder than I was, but never lost hope. His name
will be familiar to many readers: Bo Doos. He is the former Director of the Joint
WMO/ICSU Planning Staff for the Global Atmospheric Research Programme.
In spite of all the support I had, this period in Stockholm was not an easy one for
me. I had to attend lectures at the University that I did not understand and then find
the relevant literature in English and study by myself, seeking clarification from
colleagues at the Institute. All the time Professor Rossby was pushing me to keep up
my studies in meteorology; he even gave me an hour's private tuition each day on his
pet topic at that time - turbulence - which I must admit I did not find terribly
interesting.
As time went by, Rossby's former friends, colleagues and students from the USA
started coming to the Institute on visits. I therefore met some of the giants of
meteorology whose names I knew from their books and papers. It was exciting to meet
Tor Bergeron for the first time, and Erik Palmen made a great impression on me, as
did Sverre Peterssen, Heinz Lettau, Jute Charney, Norman Phillips, Jerome Namias,
Joanne Malcos (later Simpson) and many others. Almost every day there was a new
visitor. I even shared an office with John (now Sir John) Mason.
But although lots of outstanding scientists came to visit Rossby and his Institute,
there were very few students. The lectures given by Rossby or Bolin were only attended
by three of us: Bo Doos, Axe! Wiin-Nielsen and myself. I was always far behind the
other two; Wiin-Nielsen had already had a good basic education in Denmark, and
Doos had been working with Rossby for some time at the Institute. Those two were not
really students at all because they sometimes gave lectures: Wiin-Nielsen on partial
differential equations and dynamic meteorology and Doos on numerical weather
prediction.
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I was struggling very hard to gain six credits towards my first degree, which is
equivalent to somewhere between the B.Sc. and M.Sc. For those six points I could have
a combination of meteorology, physics, mathematics and mechanics. For my two
credits in meteorology Professor Rossby himself would be my examiner. He was not
the most organized of persons, and it was terribly difficult to get him to fix a date and
time for my examination and keep to it. However, the great day came on
5 March 1956. I thought that I was sufficiently prepared for his questions. Rossby
called me to his office at 8 a.m. He had the idea that I had learnt many things
parrot-fashion in order to impress him, and so started by saying 'I know you have
learnt a Jot of things by heart and expect me to grill you accordingly. Well, I am not
going to. There will be some very simple questions instead'. Then he proceeded to
spend the morning asking me the silliest and most elementary questions. As soon as I
started to explain something he would interrupt with something quite different, so that
I became totally disoriented. Was he serious or was it his idea of a joke? This went on
until almost noon, when he said 'Now I am going to ask you a question you will like.
Please describe the balance equation'. All right, I thought to myself, now I will show
you, and started eloquently 'In the search for something to replace the geostrophic
wind and gradient wind approximation, in recent years a new equation has been tried
from which it is possible to find the wind from the pressure fie'!d ... 'I looked up and
found that my examiner had left the room.
I stood there alone not knowing what to do. Forty-five minutes later he came
back from lunch and saw from my face how furious I was. 'Well, you have passed. Give
me your book'. He wrote in my credits and signed it, and I walked out of his office still
unsure whether I had really merited the credits or if he had enjoyed seeing me make a
fool of myself.
Six months later I obtained a credit in mathematics, but there was still a long way
to go for a degree, and my struggle with studies and the language continued. At times I
was so frustrated I wanted to leave the country. On several occasions I appealed to
Rossby to arrange for me to go to the USA to study because there I could at least
understand the language. He went as far as making inquiries, and Dr George Platzman
of the University of Chicago actually fixed a study programme and stipend for me, but
just as I was packing to go, Rossby vetoed it. About a year later, seeing that I was still
very unhappy, he wrote to Jule Charney who enrolled me at the Massachusetts
Institute of Technology with a stipend of$US$ 300 a month and even arranged work at
the University for my wife. This time I got as far as buying our tickets, but once again
Rossby changed his mind and stopped us from going. This time 1 decided to ask him
straight out why he repeatedly decided at the last moment not to let me go to the USA.
His answer was: 'At this Institute I have three students whom I like very much, but for
different reasons. There is Axe! Wiin-Nielsen who is intelligent and very
self-dependent; he will get on well in life. There is Bo Doos who is also excellent but
still needs my help. Then there is you, and you are so dense that I regard it as a
challenge to make something out of you'.
One of the visitors to the Institute was Professor Fritz Defant from Austria. He
was an excellent synoptician and an artist in drawing weather maps. He had great
talent in getting the most out of each plotted meteorological observation. Since my
main field was synoptic meteorology and the general circulation, Rossby asked Defant
if he would mind taking me under his wing for a time. I learnt a Jot from Defant, and
we published six papers together dealing mainly with the upper atmosphere and the
structure of the tropopause.
My most interesting experience in Stockholm was participating in the operational
trials of numerical weather prediction based on the barotropic model. Doos and
A. Bedient had already made a subjective 500-hPa analysis, read grid-point values of
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geopotential height from it, prepared a paper-tape of the data and run a 24-hour
prediction program that still had about 14 hours of validity when it was completed.
That was perhaps the first operational numerical forecast ever made. Further tests had
been carried out in 1954 and early 1955 under the sponsorship of the Swedish Royal
Air Force, but it was essential to design a system for objective analysis by computer
before NWP could be introduced into routine operations. Bergthorsson and Doos
succeeded in doing this*, so that the stage was now set. The Air Force agreed to
provide funds to pay for BESK computer time if Rossby provided the scientific
expertise. So a team was formed consisting of Doos (leader), R. Landquist and
B. Soderberg (from Sweden), H. Sigtryggson (Iceland), A. Vaisonen (Finland),
A. Wiin-Nielsen (Denmark) and H. Taba (Iran). Early in the evening the Air Force
weather service brought the data on paper-tape to feed into the computer at the
University. The results were ready early next morning.
In August 1957 Rossby was invited by the American Meteorological Society to
give a lecture at a U.S. Air Force base near Frankfurt in the Federal Republic of
Germany. He accepted and took me with him, saying that I could present the papers
Defant and I had written. I remember that the lecture hall was very full; many
well-known meteorologists were present, including Professor L. Weickmann. When the
time came for me to deliver my lecture I was so excited and had so much to say in
45 minutes that I spoke far too quickly, and with my strong accent my presentation
was incomprehensible to many in the audience.
From Frankfurt we went down to Geneva. Rossby had an appointment with the
Secretary-General of WMO, Mr D. A. Davies (now Sir Arthur Davies), to discuss the
problem of locusts infesting eastern Africa. It was my first meeting with Mr Davies. He
was delighted to have Rossby and provided fantastic hospitality. We spent most of the
days and evenings with the Secretary-General, but I also met some WMO staff
members: M. Alaka, 0. M. Ashford, H. Sebastian and N. Veranneman come
immediately to mind. Alaka knew Rossby already from having studied under him at
Chicago.
The Secretary-General and Rossby came to a mutual agreement that, if Rossby
would go to East Africa to tackle the locust problem, Davies in return would do all he
could to help Rossby realize his dream of setting up an international school of
meteorology in Beirut for students from developing countries.
My wife joined us in Geneva, and when Rossby's mission to WMO was
concluded he returned to Stockholm whilst we took a short holiday. We returned to
Stockholm on 18 August, and next morning went to work at the Institute as usual. I
saw Rossby during the morning and he seemed very nervous, running in and out of his
office. We went for lunch together and he had his usual glass of milk and a small
sandwich, returning to work in his office the whole of the afternoon. Just before 6 p.m.
he asked my wife to go to his home and help Mrs Rossby prepare dinner for Erik
Palmen and the rest of us. Then he called me to join him in his office to discuss the
visit to Geneva; he had already started dictating a letter to Mr Davies about the details
of his proposals but had not had time to finish it. Rossby sat on the sofa and asked me
to sit next to him. He talked about our visit to WMO and his discussions with
Mr M. F. Taha, the Permanent Representative of Egypt with WMO. Then he was quiet
for a few moments, finally saying that he was not feeling well and asking if I minded if
he stretched out on the sofa. So I moved up to leave room for him. He looked at me
and drew a deep breath. It was his last.
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I went to look for help. The first person I saw was Klaes Rooth and then Bo Doos.
We telephoned Rossby's doctor but all he could do was confirm that he was dead. The
doctor said he had warned Rossby that very morning that if he did not slow down it
would be the end of him.
After that traumatic event I would probably have left Stockholm had it not been
that I was getting close to my degree finals. In November 1958 I told Bert Bolin, who
had succeeded Rossby as director of the Institute, that I was ready for my examination.
Bolin, a systematic and extremely intelligent young professor, set a day for me and the
examination went very well. In fact he said that my marks were about as high as any he
had ever given. These good results in my first degree encouraged me to attempt the
next one. This time my examiner was Professor Palmen, and the date was set for
20 April 1960. I passed, and then had to start looking for a job.
My eight years in Stockholm, and especially the five years' association with
Rossby, had marked my life. Rossby's personality had ensured an excellent scientific
atmosphere that attracted the most eminent meteorologists to his Institute and he had
also inspired a family spirit among its staff and students. Back in 1955, Jerome Namias
had come from the USA for a year; he was a highly capable, enthusiastic, self-made
scientist, and we soon became friends. He now offered me a job in his group dealing
with long-range weather prediction. I accepted, and Namias set about preparing my
papers and arranging my immigration formalities. However, I had earlier put in an
application to work at the WMO Secretariat in Geneva. Mr Gordon Cartwright at the
U.S. mission in Geneva had heard through a mutual friend that I was looking for a post
and took the trouble to write me a detailed letter describing the possibilities both in
ICAO and WMO. Dr Alaka had decided for personal reasons to return home to the
USA, and, shortly before I was due to leave for Washington, D. C., I had a letter from
WMO offering me his former post. I decided to choose the WMO job and sent my
apologies to Namias for having wasted his time.
With my family I landed at Geneva on 23 October 1960. My immediate
supervisor in WMO was Mr Oliver Ashford, then Chief of the Research Section in a
Secretariat that contained no more than about 60 people. There were then two main
divisions: the Technical Division under the late Dr Kaare Langlo, and the
Technical Assistance Divisi9n under the late Dr Hermann Sebastian.
My official duty was to serve as permanent secretary to the Commission for
Aerology, the forerunner of the Commission for Atmospheric Sciences. The president
of CAe was Professor R. C. Sutcliffe whom I had met in England. Sutcliffe's term of
office as president terminated with the third session of the Commission in
October 1961, and Dr G. P. Cressman from the USA was elected his successor. I had
the pleasure of working with him for quite a few years.
I had hardly settled in the Secretariat before I was asked to write a Technical
Note on atmospheric ozone, a subject about which I then knew nothing. This was, of
course, over and above my routine duties, so I was given a year to do it. Thanks to the
assistance of Dr W. L. Godson of Canada, the previous vice-president of CAe, my text
was ready within six months. I received many encouraging remarks when the
Technical Note came out*.
The working environment in the WMO Secretariat was very different from that
in Stockholm. It took me quite some time to accustom myself to the rather more
bureaucratic procedures that are necessary in an intergovernmental institution. I was

* Ozone observations and their meteorological applications. WMO Technical Note No 39
(out of print).
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lucky in that the Secretary-General took a special interest in what I was doing, always
attentive and full of encouragement. He made a point of personally giving me my brief
before I went on a mission, and on my return he expected a detailed oral and written
report.
On 1 January 1964 a meteorological training section was created in the Secretariat
and I was appointed its first chief. The decision to launch this new activity arose from
a recommendation by Professor Van Mieghem who had been a consultant on the
subject. Mr M. F. Taha from Egypt, always a real friend of the Organization, also did a
tremendous amount to help the developing countries, especially as regard~ the
education and training of meteorological staff. And of course Mr Davies himself had
long been convinced of the crucial importance of training programmes. The developing
countries Members of WMO owe a debt of gratitude to this triumvirate. Nor should
one forget the financial support provided by the United Nations Development
Programme and Dr Sebastian's personal interest.
To help newly-independent and other developing countries plan their
requirements as regards education and training, the WMO Executive Committee set
up a panel of experts under the chairmanship of Professor Van Mieghem, and this
panel quickly came to be the driving force behind all the Organization's efforts in
professional training. I served as secretary to the panel.
One of my first missions as Chief of the Training Section was a seven-week
itinerary through African countries in order to find students and recommend a
location somewhere on the continent to hold Class II training courses in meteorology.
For various reasons the meteorological headquarters of the then East African
Community was chosen, and the first course took place in 1965. A well-established
training centre quickly developed there in Nairobi.
Already in 1963, WMO had set up a chair of meteorology at the University of
Nairobi and offered postgraduate courses in meteorology. There was only one student
at the first course and two at the second, but I am glad to say that today the courses at
Nairobi for Class I meteorologists are flourishing. After another extended trip, this
time in Central American and Caribbean countries, I drew up proposals for a chair of
meteorology at the University of Costa Rica and a meteorological institute in Barbados
which were subsequently approved by the Executive Committee. The pattern having
thus been established, more regional centres followed in other parts of the world, and
today there are 17 of them.
As the activities of the Organization ramified, the Secretariat expanded and the
Training Section grew to be first a division and ultimately a department. The many
new programmes gave rise to the need for a unit specifically responsible for forward
planning, and Mr Ashford was appointed the first Director of Programme Planning.
When Mr Ashford was due to retire, I was offered his post. I tried to convince the
Secretary-General that there were people better qualified than me, but he had made up
his mind and I had to accept the job. I was very sad to leave the Education and
Training Department, and gladly agreed to continue acting as director until my
replacement had been appointed.
The Secretary-General discussed my successor with me on several occasions; he
said he wanted a young man, preferably from a developing country, with a solid
education in meteorology from a well-known institution, if possible with experience in
the education and training of meteorologists. Eventually Or Davies found all these
desiderata in the person of Professor G. 0. P. Obasi from Nigeria. Obasi had obtained
an honours degree in mathematics and physics from McGill University in Canada, a
Master's degree with distinction plus a doctorate in meteorology from the
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Massachusetts Institute of Technology in the USA (he won the Institute's Rossby
Award for the best doctoral thesis). He had been appointed senior lecturer and
subsequently professor of meteorology, chairman of the Department of Meteorology
and Dean of the Faculty of Science at the University of Nairobi. In 1976 he had
returned to Nigeria as head of the Institute for Meteorological Research and Training
and adviser to the Government. He was appointed Director of the WMO Education
and Training Department in October 1978.
In my new assignment I was involved in organizing the World Climate
Conf.erence and creating the World Climate Programme. Fortunately for all concerned,
the WMO Executive Committee had appointed Dr Robert M. White from the USA as
conference director, and all who know Dr White will agree that there could not have
been a better choice. I had the pleasure of working with 'Bob' White for more than a
year. Over 400 people from all parts of the world took part in the World Climate
Conference in February 1979; it was a resounding success and the declaration adopted
will remain an authoritative statement of position for many years to come.
Although I was kept agreeably occupied in my work as Director of the
Programme Planning Unit, l did miss my contacts with the developing countries. That
was why, when the post of Director of the Technical Co-operation Department fell
vacant, I asked Dr Davies whether I could have it. After consultations with the people
concerned he agreed, and I took up that post in October 1979 and immediately felt
more in my element again. I was there for a little over a year, and then transferred to be
Director of the newJy.formed Languages, Publications and Conferences Department.
At the end of 1979 Dr Davies retired as Secretary-General of WMO and was
replaced by my former classmate, now become professor, Axe! Wiin-Nielsen.
Soon after I had succeeded Mr Ashford as Director of Programme Planning, I was
also designated Editor of the WMO Bulletin, a task I was very happy to accept. In 1980
I decided to put forward my proposal to interview outstanding scientists and people
who had rendered service to WMO and meteorology in general. I knew who I wanted
as my first subject: Bob White. If he agreed to be interviewed I was confident that it
would be a good one. The Secretary"General was in favour of the idea, and,
fortunately, so was Dr White.

J had never conducted an interview before, and was not at all sure about what
questions to ask. I scribbled a few on a piece of paper and took it with me to Boulder
(Colorado). I had not thought of taking a cassette-recorder with me, intending to write
his answers in my notebook, but luckily Dr White had one in his briefcase and we
decided to use it. We started the interview after lunch at the side of a motel swimming
pool when suddenly there was a mighty gust of wind which sent parasols and chairs
flying all over the place. So we had to retreat indoors. He carried on recording his
answers for about an hour, but then had to. leave. In the evening he invited me for
dinner at a beautiful restaurant, and towards midnight we returned to his home where
he continued talking for another hour.
Back in Geneva the tapes were transcribed and given to the Assistant Editor of
the WMO Bulletin to be arranged and edited. Dr White was highly pleased with the
result, and it appeared in the issue of the WMO Bulletin for January 1981 which
carried on the cover a picture of the National Center for Atmospheric Research and a
new design for the title, marking the fact that the journal had entered its thirtieth
volume.
I had set great store by the success of this first interview, and thus was greatly
reassured by Dr White's favourable reaction and encouraged to make the interview a
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regular feature in the WMO Bulletin. However, I had not yet had any feedback from
readers, and spent an anxious couple of months awaiting comments. When they started
to come in, they were all positive. One person said this first interview was so good that
it would be impossible to maintain such a high standard in the future. Perhaps he was
partly right.
My next interviewee was my old professor and a gentleman for whom I had the
highest regard: Erik Palmen of Finland. The third was Professor Reginald Sutcliffe,
also an acquaintance of many years' standing. Each interview left me with indelible
memories. There was Dr Anders Angstrom at his home in Stockholm; he was 93 years
old and Dr Nyberg was with me to help recall some important moments of his long life
(in fact it was actually Nyberg who conducted most of that interview). I spent a day
with Sir Charles Normand in Winchester who was also 93, and very happy to be able to
give an interview. When I was back in Geneva I received nearly 30 handwritten pages
from him with a letter saying that he feared his voice would not have been clear enough
on the recording so that he had written out the answers to all my questions. To my
lasting grief, Sir Charles died before he could see the interview in print. Mr Jean
Bessemoulin I saw at his summer residence at the foot of the Pyrenees, a marvellous
place. I stayed two days with Mr and Mrs Bessemoulin, and the interview elicited very
favourable comments.
Perhaps one of the most unforgettable was my interview with Academician
E. K. Fedorov in the large book-lined study of his Moscow apartment. There was an
interpreter with us, and about 90 minutes were recorded on cassette. However, back at
WMO we found that the substance was insufficient and I had to do some research in
order to expand the text without putting false words in Academician Fedorov's mouth.
When the final draft was sent to him he wrote a very nice letter saying how surprised
he was that such a readable text had been made from what he had said.
Dr Francis Reichelderfer was in my hotel room in Washington, D.C. for more than
four hours. He was very articulate, and when we had finished he put his arm around
my shoulder and said 'Thank you for making me reminisce. I enjoyed it very much.'
He was 86 years old. As I said, I have very pleasant memories of all the interviews.
One day the Secretary-General, then Professor Wiin-Nielsen, called me to his
office and said that he had just come back from a visit to Hamburg where they had told
him that as soon as the WMO Bulletin with its interview arrived, it had to be put under
lock and key in the library, otherwise it disappeared very quickly. In China I was told
that the interviews were invariably translated and reproduced in several thousand
copies for the benefit of Chinese meteorologists. The present Secretary-General,
Professor Obasi, said that he takes his copy of the WMO Bulletin home with him and
tells his wife that the children are not to come and disturb him because he wants to
read the interview in peace.
The expressed wish of Congress to have the interviews published in one volume
was the greatest encouragement of all. It is hoped that this collection will constitute a
lasting record of the lives and thoughts of men who have rendered sterling services to
the science of meteorology. I must here gratefully acknowledge the assistance I received
from Robin Perry, the Assistant Editor of the WMO Bulletin, in the preparation ofthe
interviews for publication. I am well placed to appreciate the extent to which he
contributed to their success.
I retired from the WMO staff in July 1984, but it has been a great source of
pleasure to me to be able to keep in touch by conducting these interviews. Actually,
this volume containing 32 of them does not represent the sum total of interviews I
have conducted since 1981; there have been many others of a less personal nature,
often on a specific topic connected with the World Meteorological Day theme.
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I consider myself very fortunate to have been able to work in the
WMO Secretariat. Perhaps I am the only person that has headed four departments and
been acting director of another for almost a year. Today I have the great satisfaction of
seeing the achievements made by some of the students I found when I was in charge of
the Education and Training Programme. There are times when Secretariat work is
fraught with frustration and appears to be fruitless, but it is things like that which make
one realize that it is all so well worth while.
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