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PROLOGUE
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 J acques Van Mieghem had died. His sudden
disappearance affected me deeply; we had worked together for many years and I had
conceived 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 ifl 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 went 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 at the age of five. My father was immensely proud of this.

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.
When 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 Arasteh (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 Meade. Thanks to my
earlier training course, my subsequent experience and my better command of English,
this time I had much less difficulty; indeed I 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
M eteorologie nationale in Paris for three or four months. In early May 19 51 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 support 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 i'n to the director ofthe Institute. After quite a long time a young gentleman entered
4

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 150 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, Jule 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, Axel 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 lot 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 field ... ' 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 Jute 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 I 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 lot 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
6

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 oflocusts 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 Division 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 regards 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 Dr 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

9

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
Conference 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, I 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 newly-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, Axel 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.
I 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

10

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 Palm en 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 of the
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 19 81 ; 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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Dr. Robert M. White
During a recent visit to the United States of America, the Editor of the WMO
Bulletin was accorded a long interview with Dr. Robert M. White. Dr. White was
successively Chief of the US Weather Bureau, Administrator of the Environmental
Services Administration, and Administrator of the National Oceanic and Atmospheric

Dr. Robert M. White

Administration, being Permanent Representative of the USA with WMO between 1963
and 1978 and member of the Executive Committee from 1964 to 1978. In 1979
Dr. White served as chairman of WMO's historic World Climate Conference.
Since leaving NOAA, Dr. White has been chairman of the Climate Research
Board and later Administrator of the National Research Council of the US National
Academy of Sciences. He is currently President of the University Corporation for
Atmospheric Research, the body responsible for maintaining the National Center for
Atmospheric Research (NCAR) at Boulder (Colorado). He is also a member of the
National Academy of Engineering, and was elected President of the American
Meteorological Society for .1980.
Dr. White was awarded WMO's highest honour - the IMO Prize - by the
Executive Committee in 1980. Among awards conferred on him in his own country
may be mentioned the Godfrey L. Cabot Award for contributions to aeronautics
(1966), the Cleveland Abbe Award for contributions to meteorology (1969), the fiftieth
anniversary medal of the American Meteorological Society (I 970), the Jesse L. Rosenberger medal for distinguished research and public service (1971), the Rockefeller
Public Service Award for protection of natural resources (1974), the David B. Stone
Award for contributions to environment and society (1975), the Matthew Fontaine
Maury Award for contributions to undersea exploration (1976), the International
Conservation Award from the National Wildlife Federation (1977), the Neptune
Award (American Oceanic Organization). Dr. White was recently honoured by the
Government of France when he was designated Chevalier de la Legion d'honneur.
Because he has served in such high offices and received so many honours, those
who have never met 'Bob' White may be surprised to learn that he will be only 58 years
old on 13 February 1981. Thus we may reasonably hope that national and international
scientific activities related to the natural environment will continue to be guided by his
exceptional wisdom for many years to come.
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H. T. - How did you find your way into meteorology as a career? What first interested
you in meteorology?

R. M. W.- Just outside the city of Boston in the United States of America, where I
was born and grew up, there was the Blue Hill Observatory. As a boy I frequently
visited the observatory, and became fascinated with the instruments I saw there. That
was my first introduction to meteorology. The director of the observatory was a
professor at Harvard University, and his name was Charles Franklin Brooks. From my
earliest years I had been very much interested in all facets of the planet Earth; I was
interested in subjects like geology and astronomy, and so it was only natural that when
I was a freshman at Harvard I should take a course in meteorology with Professor
Brooks. During that course he offered me a summer job as a weather observer at the
Blue Hill Observatory. And so my career in meteorology had begun. When the Second
World War started and my country needed weather forecasters to support air force
operations, I applied for, and was accepted as a weather officer. I was trained at the
Massachusetts Institute of Technology, to which I returned after the war to obtain my
Master's degree and doctorate before becoming a research scientist in meteorology.
H. T.- You have had a varied career in meteorology and related fields. The positions you
have held have been ones of increasing responsibility, both in your own country and internationally, and you have held several offices simultaneously. At the present time you are
President of the University Corporation for Atmospheric Research which represents
48 universities of the USA which have atmospheric science programmes. Can you tell us
what is behind this very varied and successful career?
R. M. W. - I guess I have been more fortunate than most through having been present
when opportunities arose to participate in a variety of scientific and service activities in
posts of increasing responsibility. Also I have been able to exercise my interests in the
related fields of Earth sciences, ecology and natural resources. I have always been
attracted by the challenge of a difficult job. I am fascinated not only by science but by
the institutions of science. I have derived much satisfaction from being able to
influence policies which govern our science and our service, both in the USA and internationally. I consider myself tremendously lucky to have been able to do this over the
past forty years. There is always a certain moment when it is right to move aside to let a
new and different leadership take over. I believe that institutions must grow and
change, and that each person can contribute significantly to this growth and change. I
have tried to give what I can to those institutions with which I have been associatedI hope with some success. When called upon to undertake new tasks and responsibilities I have always been willing so long as I felt that I could contribute usefully, and
provided they were of significant importance and would be of benefit to mankind.
H. T. - I have been told, and I know from personal experience when working with you,
that you are a restless and untiring individual. You are usually happy only when doing
several jobs at the same time, always achieving good results from everything you
participate in. Does this sort of life give you personal satisfaction? Or is there some other
reason why you seem to be so busy all the time?

R. M. W.- I have always felt that any task one undertakes should be approached with
enthusiasm and zest, otherwise one should leave it alone. I am a reasonably impatient
person. When I take on a task I like to see it accomplished to my own personal satisfaction. I do get great enjoyment out of being involved in a number of different things.
at once. I seem to be the kind of person that can handle several jobs at a time, and
moreover I can do this without being so immersed in my work that I cannot enjoy
other aspects of life. I can enjoy the intellectual stimulation of a beautiful landscape, a
great symphony, a good novel, a fine restaurant and the many other pleasures of life.
But let us be fair. The work I have done is not mine alone. No individual could be
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involved in as many activities as I have been without relying on the support of his
colleagues, and I have been blessed throughout my career in having had all sorts of
wonderful people who were willing to join me in all kinds of projects. Much of the
work for which I gain credit has actually been done by them.
H. T. - In 1963, under President John F. Kennedy, you were appointed Chief of the
United States Weather Bureau. Then you were appointed Administrator of the Environmental Services Administration by President Johnson, and subsequently Administrator of
the National Oceanic and Atmospheric Administration by President Nixon. You have
been deeply involved in building new governmental institutions in your country, of successively greater scope, but all dealing with the Earth sciences and natural resources. NOAA
has now become a major agency of the United States Government, concerned not only with
the atmospheric sciences but with many other fields such as oceanography and fisheries.
To a large extent it was you who was responsible for bringing NOAA into being. Was this
a difficult task?

R. M. W. - The growth of this governmental institution concerned with the oceans,
the atmosphere and other aspects of the environment was a stepwise evolution. It met
the changing domestic and international needs of our Government. I was no more than
a catalyst in a set of underlying dynamics that caused all of us to take a much broader
look at the world about us. The problems that the world now faces require a more
diversified, and at the same time comprehensive approach than in the past. Was
bringing NOAA into being a difficult task? The answer is, of course, yes. Any change
in an institution of long standing is difficult. You must realize that in creating NOAA
we took three of the oldest governmental agencies in the USA and brought them
together in a single new organization. The National Ocean Survey was founded during
the administration of our third President, Thomas Jefferson, in 1807. The US Weather
Bureau was founded in 1870 and the Fisheries Service was founded one year later, both
during President Ulysses Grant's term of office. Melding governmental agencies with
such traditions is difficult for the people involved, especially the leaders, and a process
of adjustment has to take place. I believe that we were quite successful in bringing
about this adjustment. NOAA now represents a major centre of strength to respond to
the nation's concerns about the oceans and the atmosphere, and its contributions to
national welfare are daily in evidence.
H. T - What was the budget of NOAA when you left in 1977, and do you have any idea
of what it is now?
R. M. W - When I left, the budget of NOAA was about $750 million and today it
approaches one thousand million dollars. I could add in parentheses that when I first
came to Washington, D.C. in 1963, the Weather Bureau had a budget of only
$60 million. Of course all the money does not go to support the weather services. It also
supports many activities related to the oceans, fisheries, coastal zone management,
satellites and so forth. Nevertheless, there has been rather a spectacular growth in the
responsibility of NOAA since it was founded ten years ago. Over this period it has
been given new and greater responsibilities for the protection of natural resources of all
kinds and for monitoring the state of the planet Earth.

H. T. - Your career in international affairs has been as varied as that in the affairs of
your own country. You have been involved in the work of many international organizations
as a representative of the USA or as an expert. You played an important part in the
United Nations Conference on the Human Environment in Stockholm in 1972, and subsequently you were head of the US Government's delegation on the Governing Council of
the United Nations Environment Programme which evolved from that conference. You
have been involved with Unesco's Inter-governmental Oceanographic Commission and you
have been associated with the non-governmental International Council of Scientific
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Unions. You have also been your country's chief negotiator in many bilateral
arrangements, for example between the USA and the USSR on the exploration of the
world's oceans and between the USA and France, again on problems of the oceans. In the
domain of international affairs, my first question is about UNEP. Do you consider that
UNEP has achieved the purposes for which it was created?

R. M. W- I think that the United Nations Environment Programme is one of the
most exciting now under way in the United Nations system. As you know, it was set up
as a co-ordinating agency, and in my view it has been doing its job admirably. It did
get away to a slow start, but in recent years I believe that its programme has come into
focus. The progress in its Inland Seas programme, for example, has been excellent.
This is the attempt by countries surrounding the Mediterranean to reduce the level of
pollution in that sea. UNEP has been working very well with the specialized agencies
of the United Nations, in particular co-operation with WMO has been outstandingly
fruitful. UNEP has become the conscience of the world on environmental problems,
and it is important that we have such a focus for those concerns. Yes, I consider that
UNEP is indeed doing the work which it was set up to do. It must be remembered that
in connexion with the environmental impact on social and economic conditions in
countries throughout the world, questions are inevitably raised which have a high
political content and I believe that UNEP has done very well in approaching an
extremely difficult set of problems.

H. T. - From 1973 to 1977 you were the United States Commissioner to the International Whaling CompJission. We hear quite a lot about the need to protect whales from
over-exploitation. Can you tell us the purpose of this Commission? How big is it? Does it
have a secretariat? What were your actual functions as a Commissioner? What role have
you played in the protection of the world's whales?
R. M. W - Among the most satisfying activities in my career has been my participation as Commissioner for the USA in the International Whaling Commission.
Whales, as we all know, are the greatest animals ever to inhabit the Earth~ Over the
years, intensive commercial whaling has reduced many of the eight species of great
whales almost to the point of extinction. At the United Nations Conference on the
Human Environment I had the privilege of presenting a statement on whaling in the
name of the USA which received unanimous approval, with only three abstentions
among the nations at that conference. Our proposal at that time was to establish a tenyear moratorium on commercia) whaling. Later, when I was appointed a Commissioner, working with the other nations I was in a position to assist in bringing about a
new international management regime for whales which now guarantees that we will
not see any species of these great mammals reduced to extinction. We agreed on a
selective moratorium which is now going a long way towards restoring the world's
whale population; The International Whaling Commission is a very interesting organization. At the time I was a Commissioner we had 14 members, which included nations
engaged in commercial whaling as well as those which had ceased such activities.
Whaling became a symbolic issue for the world environmental community, and the
drive for better protection of whales was supported by many governments and by nongovernmental groups as well. During my time there we were able to raise the influence
of its scientific committee as the pre-eminent arm of the Commission to decide, on a
scientific basis, the quotas for commercial whaling and the nature of the management
regime to be followed. Since 1973 we have reduced the number of whales taken
commercially from about 43 000 a year to about 18 000. This has to be one of the most
interesting and satisfying experiences of my career.
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A whale processing factory at Grytviken in South Georgia as it was in 1958. All land factories in
antarctic regions have since been abandoned

H. T. - Can you tell us something about your role in IOC and in the field of international oceanography?
R. M. W - International oceanography has many similarities to international
meteorology, although the problems in oceanography tend to be rather more regional
than global in nature. An attack on the many outstanding oceanographic problems
requires the same kind of international participation as it does in meteorology; it often
requires extensive facilities for observations over large geographical areas. The IOC
was founded specifically to provide a focus for international collaboration in oceanographic research. I guess the most significant contribution I made to IOC reflected my
profound conviction that the oceans and atmosphere were part of the total global fluid
system, and that the study of one required the study of the .other. It would be
impossible to provide weather services over land or sea without a knowledge of the
ocean's interactions with the atmosphere. Conversely, oceanographic services could
not be provided without a knowledge of the impact of the overlying atmosphere. It was
in ·this vein that I sought to stimulate the oceanographic community towards
developing the International Global Ocean Station System - which is simply the
oceanographic analogue of the World Weather Watch- as a joint effort between the
IOC and WMO. I foresee an even greater need for collaboration among atmospheric
and oceanographic scientists in the years ahead as we come to realize just how
important the oceans are to our understanding of longer-term fluctuations of weather
and climate. Massive international field experiments will .be required during the
coming decade to study the upper layers of the ocean and interactions with the
atmosphere. WMO and IOC will need to collaborate very closely to bring them about,
much as during the past decade we successfully performed the field experiments of the
Global Atmospheric Research Programme.

H. T. - Can you tell us something about the USA/USSR Joint Commission for the
Exploration of the World's Oceans? I understand that you were the United States'
chairman of this Commission.
R. M. W - As with meteorology, oceanography can represent an important bridge
between nations, a field in which they can collaborate to advance their mutual
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interests. The Commission you refer to was established as a mechanism whereby
oceanographers and others interested in marine sciences, both in the United States and
in the Soviet Union, could join in exploring a number of important problems. This
programme consisted of many different projects ranging from the study of the
dynamics of eddies in the oceans (which are very similar to the disturbances in the
motion of the atmosphere) to studies of the geology and geophysics of the sea-bed as
well as research into biological productivity in the ocean. Many American scientists
visited and worked aboard Soviet vessels and Soviet scientists likewise joined US
vessels. It was common for the ships of both countries to collaborate together.

H. T - You were also the USA's chairman on the co-operative programme in
oceanography between the USA and France. What sort of work was undertaken here?
R M. W. - This was a most exciting and pioneering effort. Although the overall joint
programme consisted of many projects involving aquaculture and cleaning up the sea
after oil spills, for me the most exciting was project FAMOUS, standing for French/
American Oceanographic Undersea Study. Manned submersibles of both countries
joined in a project off the Azores to descend more than 3000 m to probe the geological
and geophysical conditions of the Mid-Atlantic Ridge- the undersea mountain range
that extends almost from pole to pole down the Atlantic Oceans. It is here that the new
ocean floor is being formed. The discoveries made during project FAMOUS brought
important new information to bear on the nature of the geophysical activity in the
Mid-Atlantic Ridge.
•

H. T - You were a member of the Executive Committee of WMO for almost fifteen
years, from 1964 to 1978. You have seen much of WMO's history in the making during
the past two decades. What are your impressions of the changes you observed over this
period?
R. M. W. - When you are involved in the day-to-day decisions of the Executive
Committee, putting into effect the policies established by the World Meteorological
Congresses, you are sometimes not fully aware of the change and progress that is going
on. But now, after about three years of no longer being on the Executive Committee, I
am struck by the many changes that have taken place. I was very fortunate to
participate in the work of the Executive Committee at a time when it evolved from
being primarily a group of directors of long-established national Meteorological
Services to being a group which very broadly represented the newly-emerging and
developing countries of the world as well. That was the most significant change in the
character of the Executive Committee. From a technological and scientific point of
view, I was again fortunate to be involved at the period when Earth-orbiting satellites
became a key factor in observing global weather conditions and in bringing weather
information to all the countries of the world. I could participate in the WMO's
response to resolutions of the United Nations General Assembly calling upon the
nations of the world to establish a World Weather Watch and to conduct a Global
Atmospheric Research Programme. This was a really exciting time to be involved in
the activities of the WMO. Although small by comparison with other international
organizations, WMO succeeded in showing what could be done when nations of the
world agree to pool their interests, talents and resources in a common objective.
Another highly important achievement was the creation of a Voluntary Co-operation
Programme (originally called the Voluntary Assistance Programme) in which the more
fortunate nations of the world joined together to assist and co-operate with the
developing nations, providing them with equipment and training to enhance the
capabilities of their Meteorological Services. There is no doubt in my mind that
through the WWW and GARP, the WMO attained the target that it had set for itself in
bringing about a new world-wide system of weather observations and significant
18

improvements in national Meteorological Services. Another very significant development during my term of office was the emergence of hydrology as a fully-fledged
major activity of WMO, especially as regards the involvement of national Hydrological
Services.

H. T.- I am surprised that you refer to WMO as a small organization when you have so
often pointed out to me that the World Meteorological Organization commands resources
and facilities around the world which are unparalleled by any other international organization.
R. M. W- Quite so. The WMO is at the same tim~ both a small and a very large
organization. It has a small budget and a small secretariat compared with other international organizations. It is large in the sense that its governing body is composed of
directors of the Meteorological Services, able to plan international efforts which draw
upon the vast resources of its Member countries. In this sense the Global Telecommunication System and the Global Observing System and the system of Earth-orbiting
meteorological satellites are testimony to the truly international character of
meteorology, with various nations voluntarily coming together to pool their resources
for the benefit of all.

H. T.- You were the chairman of the WMO World Climate Conference, a task which
you performed with great ability. Were you satisfied with the results of the conference?
Did the outcome justify the efforts devoted to its preparation?
R. M. W- We are still almost too close to the World Climate Conference to make a
true evaluation of its importance. In my view, however, it achieved the objectives that
were set forth by the Executive Committee. It involved bringing together representatives from all over the world who were either experts in the multifarious facets of
climatology or who were users of climatic information. The purpose of the conference
was to assess the current status of our understanding of climate and its fluctuations and
trends, to assess the effectiveness of the use of climatic information for various
economic and social purposes, and to examine some of the economic and social
impacts of climatic fluctuations upon diverse societies throughout the world. There is
no question in my mind that these objectives were achieved. We had representatives
from large nations and small, developing and highly developed. It was indeed
remarkable that a consensus was reached on the present state of our knowledge of
climate and the impact of climate on mankind. The Declaration of the World Climate
Conference* was a remarkable document for the consensus on what needed to be
done, and represented an excellent conceptual basis upon which the Eighth World
Meteorological Congress shortly after was able to base its decision to launch the World
Climate Programme. The proceedings represent a unique collection of papers written
by the world's leading experts on different aspects of climate. This publication has
become an important reference document on many aspects of climate.
H. T.- You have been involved in the development of practically all WMO's technical
programmes - WWW, GARP, operational hydrology, WCP, meteorological applications, education and training as well as the technical assistance efforts. Do you think
that these programmes encompass adequately the tasks that WMO was set up to
perform?

R. M. W - Yes, I do. There are probably others which you have not mentioned, but
these are a representative sample of WMO's major efforts. All require a strong effort
and international collaboration to ensure their success. I have become increasingly

*See WMO Bulletin 28 (2) p. 124.
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concerned that, in the fields of meteorological applications, education and training and
technical co-operation, we may be missing a great opportunity for the WMO to really
strengthen the Meteorological Services in those countries where at present they are not
well developed. I believe that the knowledge and technology which now exists in many
countries can very readily be made available to the developing nations, and this should
be one of WMO's prime tasks in the years ahead. Of course, this should not be at the
expense of extending the rapid and effective communication of weather data among all
countries of the world or of providing a framework for international atmospheric
science activities which are so fundamental to our understanding of the atmosphere
and our ability to improve weather services. I feel that there are new opportunitiesunder the World Climate Applications Programme in particular - for making significant contributions to the economic progress of developing countries. The effective use
of climatological information in planning water resource development for agricultural
activities and for energy represents an inexpensive but very important way in which the
science of meteorology can serve the developing nations.
H. T. - Considering present technological trends and our improved understanding of the
science of meteorology, how do you visualize the future role of WMO?

R. M. W- The traditional role of the WMO has been to co-ordinate meteorological
activities in various countries. It was not established to be an operational agency. The
Organization has been very effective in this kind of co-ordinating role, but the question
which I am now asking myself is whether this role will be adequate in the years ahead,
or whether the WMO will have to move more into management or operational
activities. Many of the new technologies which have been developed - satellite
technology is an excellent example- make the many dependent upon the few. This is
just the opposite to the traditional situation in meteorology where the few were
dependent upon the many. There is a real question as to how these sophisticated
technologies will be operated in the future for the benefit of all nations. WMO has
already taken some small steps in the area of the management of international
meteorological activities. A good example is its acting as focal international agency for
the maintenance of the North Atlantic Ocean Stations programme. Also, WMO has
always been responsible for the planning and management of technical co-operation
projects. I therefore see it as a major policy issue for the future as to how the WMO will
evolve to function as an effective international agency, given these new facts of international life. In saying this I do not mean to minimize the traditional co-ordinating role
of WMO whi'ih must remain as a central and important activity.
H. T. - Considering the importance now given to the problems of climate, how do you
believe the programmes of WMO should be expanded to contribute effectively to the
solution of these problems?

R. M. W - As we look to the future and see the forces that impinge upon society (by
these I mean the growth in world population. and the need to increase agricultural
productivity throughout the world, and the inexorable progression towards the
depletion and exhaustion of petroleum deposits concurrent with the growing concern
about the use of nuclear power and the need to build a bridge to renewable forms of
energy) it is clear that Meteorological Services, and especially their climatic services,
will play a vital role. The problems of climate span a spectrum from research activities
to applications of climatic information. WMO has initiated the World Climate
Programme to address all aspects of the problem in collaboration with UNEP and
other specialized agencies of the United Nations. There is a desperate need for the
talent, expertise and knowledge of scientists throughout the world to be brought to bear
on these problems. For one reason, the carbon dioxide build-up in the atmosphere
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which results from burning fossil fuels may impose a serious limitation on our future
use of fossil fuels, and the political and economic ramifications of any international
actions which this may call for will require a solid consensus on the scientific facts and
prospects. For another reason, if we are to feed the world's population, and if we are
eventually to move towards renewable forms of energy, we shall be dealing with
problems in which one of the controlling factors is climate. Certainly agricultural
productivity will need to be increased threefold by the middle of the next century, and
this can only come about if we have the know-how to assist govei:nments in making the
most effective use of their climatic resources to increase yields. As for renewable forms
of energy, whether this be the direct use of solar energy or indirectly through wind
power, whether it be ocean thermal energy conversion or the use of biomass, we are
straightaway dealing with forms of energy that are very climate-sensitive, so here again
our knowledge of climate will be essential for the most efficient harnessing of sources
of renewable energy. WMO must do what it has started ouno do, and the World
Climate Programme must be a central focus of its endeavours, certainly in the decade
ahead and perhaps for several decades.

H. T. - Of the various positions you have held and capacities in which you have served,
both at home and internationally, which has presented the greatest challenge?
R. M. W - I find it hard to answer this question. My involvement in many international programmes of great importance has left me with a feeling that it is impossible to
compare one with the other because they are so different. But certainly the challenge
presented by the World Weather Watch and the Global Atmospheric Research
Programme must rate as one of the greatest challenges faced by the international
meteorological community and one to which the response has been a resounding
success. The Global Weather Experiment was one of the most successful international
projects ever conducted, reflecting much credit on WMO and ICSU and being a
remarkable tribute to the drive and enthusiasm of all who participated in it. Bringing

Washington, D.C., October 1980- Dr. Robert M. White received the twenty-fifth !MO Prize from
the hands of Dr. R. L. Kintanar, President of WMO, at a ceremony in the National Academy of
Sciences on 17 October 1980. In the photograph taken on this occasion is (left to right) Dr. G. S.
Ben ton, Associate Administrator of the National Oceanic and Atmospheric Administration and
Permanent Representative of the USA with WMO; Professor A. C. Wiin-Nielsen, SecretaryGeneral of WMO; Dr. White; Dr. Kintanar; Dr. F. W. Reichelderfer, Chief of the United States
Weather Bureau from 1938 to 1963, President ofWMO from 1951 to 1955 and himself winner of
the ninth !MO Prize in 1964
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directed towards the interests of developing nations. I am convinced of the need for a
strong international research effort on many aspects of climate. We must reach out to
groups in other fields since the problems of climate are not problems of atmospheric
science alone. As I said earlier, the role of the oceans in climate is so important and our
understanding is so abysmal that close collaboration in major international field efforts
dealing with the oceans and the atmosphere will be needed over the coming decade.
Similarly, I feel that the start made by WMO in international hydrology merits considerabh! strengthening, particularly as regards its contribution to agricultural productivity. WMO would seem to be the only major avenue for bringing about the necessary
international collaboration. Lastly, the entire area of space technology presents opportunities for even more intensive international collaboration in the future, both in
atmospheric and the other environmental sciences.
H. T.- Given your many years of experience in international meteorology, which do you
consider to be the most important areas where special efforts should be made to strengthen
international co-operation and collaboration?

R. M. W. - I see a number of areas where international co-operation in meteorology
needs strengthening. Technical co-operation with the developing nations is one.
Meteorological information must be wisely used to serve the economic development of
these countries. I have already suggested a number of ways in which this might be
done. I believe that the focus of the World Climate Applications Programme should be
this off was enormously satisfying to me. But other fields have brought their own satisfaction also. I was gratified by the manner in which the Voluntary Co-operation
Programme has developed. into a systematic effort by the world meteorological
community. This has been one of the most successful exercises in international cooperation of which I am aware. I have already mentioned how tremendously pleased I
was by the development of new international management systems to protect
whales.
H. T.- You have received many different awards for your varied activities. Which one do
you value most?

R. M. W. - I have been very proud and pleased to be recognized by my colleagues for
my contributions. I must confess to being deeply pleased by the award of the twentyfifth IMO Prize. I have spent so many years of my career in international meteorology
that it was most gratifying to me that my colleagues on the Executive Committee felt
that my contributions were worthy of the highest award which the WMO can
confer.
H. T. - In your new post as President of the University Corporation for Atmospheric
Research, what are some of the things which you hope to accomplish?

R. M. W. - I was asked to take on the presidency at a time when the member
universities are examining the future course for this very important institution. For the
first 20 years of its existence the University Corporation for Atmospheric Research had
only one objective, namely the stewardship of the National Centre for Atmospheric
Research. Now, because of the growing demands for knowledge about the atmosphere
(for example, in connexion with problems of acid rain, contamination of the
stratosphere by fluorocarbons or the effect of increasing carbon dioxide on the climate)
it is clear that the universities can, and should, take a broad role in helping to find
solutions to some of these problems, both domestically and internationalJy. We
therefore envisage a broadening of the activities of the University Corporation for
Atmospheric Research and a strengthening of the facilities and intellectual activities of
NCAR as a means of bringing all the talents and expertise of the atmospheric sciences
community of the United States to bear upon these critical societal problems.
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H. T - What advice have you for young people thinking of entering the profession of
meteorology?
R. M. W - I would certainly tell them that they are entering a most remarkable and
exciting field. One with very good career opportunities and one which has not only
national but international dimensions. I would advise them to concentrate as much as
possible on their training in the basic sciences - mathematics, physics and chemistry
- in order to acquire the tools and background with which they can deal with the
increasingly complex problems of the atmosphere. I would advise them to make sure
that their education includes major elements of engineering, because ours is a science
and service which are vita-lly dependent upon engineering developments - upon
computers and satellites and techniques of remote sensing - and a knowledge of
engineering combined with science is essential to rapid progress. Above all, I would
ad.vise them to observe the world about them, observe the features of the atmosphere
revealed in the sky- the clouds, rainbows and sunsets. I would tell them to enjoy their
work and marvel in wonders of the natural system we call the atmosphere.
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Professor E. H. Palmim
Professor Erik Herbert Palmen was born on 31 August 1898 in the Finnish town
of Vaasa on the coast of the Gulf of Bothnia. His father was a judge. He went to
Helsinki University, where he obtained a Master's degree in astronomy in 1921 and a
Ph.D. in meteorology in 1927. In the early days of his scientific career he worked
primarily on oceanography and problems concerning the interaction between the
atmosphere and the sea. He then became interested in atmospheric dynamics and the
behaviour and structure of extratropical cyclones, in particular the upper-level
westerlies. He is considered to be the discoverer of the jet streams (both polar and
subtropical). In his scientific studies he was inspired by Tor Bergeron, the famous
Swedish meteorologist, as well as by Professor Vilhelm Bjerknes and his son Jacob
('Jack') who were the originators of the well-known Bergen school. His investigations
of selected cyclones date back to the years before the Second World War.
During the war, Palmen was engaged in routine activities, and he embarked on a
new scientific career just after the war, when, at the invitation of Carl-Gustaf Rossby,
he went to the University of Chicago. At that time Rossby and his collaborators were
carrying out research on the general circulation of the atmosphere, particularly jet
streams, and Palmen's pioneer work in this area fitted in very well. In 1947 the Chicago
group published a classic paper on the general circulation. Those who participated in
this work were (in alphabetical order): Jule Charney, George Cressman, Dave Fultz,
Seymour Hess, Alf Nyberg, Erik Palmen, Carl-Gustaf Rossby, Zdenek Sekera and
Victor Starr. Professor Palmen remembers with mild resentment that, although his
contribution to this work was indeed quite fundamental, his name was only mentioned
along with Rossby's as project leader, Rossby's views being the dominant elements.
Perhaps one of the most important events in those days was Palmen's difference
of opinion with Victor Starr (and members of the Chicago group). This gave rise to
exchanges of correspondence between the two famous scientists with strong attacks
and counter-attacks. It might be interesting here to recall a paragraph of Palmen's
letter:
It is not clear whether the authors [Rossby and Starr] intended to question the necessity
of meridional circulations for the maintenance of the kinetic energy of the atmosphere. Such
an intention would mean a complete change of the whole foundation of dynamic
meteorology, and I doubt strongly that the genius of the authors, recognized by all meteorologists, will be sufficient for that goal.

Professor E. H. Palmen

In his reply Starr said:
Apparently Palmen suspects me of highest heresy lest I suggest that the energy
production process may also be accomplished without the aid of meridional circulation.
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This I have indeed proposed, and one outcome is reported by Dr. H. C. Willett in correspondence published in the preceding issue of this JOURNAL. .. Indeed if such are the fruits of
heresy, then I say let us have more heresy ...
(Journal of Meteorology 6 (6) December 1949, pp. 429 and 430).

The investigations of the atmospheric jet streams led Palm€m to further studies of
energy conversions in the atmosphere. His work in connexion with the subtropical jet
and the tropical circulation led to an interest in tropical cyclones, hurricanes and
typhoons. Indeed, he showed why it is that tropical hurricanes form only in certain
oceanic regions and only during certain seasons, the so-called hurricane season. In
Palmen's opinion the reason was the thermal structure of the tropical atmosphere and
its dependence on the surface temperature of the ocean. Later on, Palmen returned to
the problem of the circulation of the atmosphere and worked out a satisfactory energy
budget for the whole atmosphere.
Palmen has published more than 130 scientific papers. He has received the
following awards: Symons Memorial Gold Medal (Royal Meteorological Society
1957), Carl-Gustaf Rossby Award (American Meteorological Society 1960), Buys
Ballot Medal (Royal Netherlands Academy of Arts and Sciences 1964), Rossby Prize
(Swedish Geophysical Society 1966), Silver Medal (Finnish Geophysical Society 1968),
IMO Prize (WMO 1969).
He is a member of the following societies and academies: Societas Scientiarum
Fennica (honorary member), Finnish Geographical Society (honorary member),
Finnish Geophysical Society (honorary member), Swedish Geophysical Society
(honorary member), American Meteorological Society (honorary member), New York
Academy of Sciences (honorary life member), Royal Swedish Academy of Sciences
(foreign member), Norwegian Academy of Science and Letters (foreign member),
Royal Meteorological Society (foreign member), Leopoldine German Academy of
Researc)lers in Natural Sciences (foreign member), Austrian Academy of Sciences
(foreign member).
Erik Palmen is the perfect example of a gentleman. His elegant and soft-spoken
manner and the way he treats his friends, and especially his students, has always been a
source of encouragement. He appreciates good food and cigars.
The Editor of the WMO Bulletin was privileged to be accorded the following
interview with Erik Palmen at the Department of Meteorology in the University of
Helsinki on 4 November 1980. The last time he had seen Palmen was 20 years earlier
on the occasion of his (the Editor's) final examination at the University of Stockholm.
We wish Erik Palmen many more years of happiness and success.
H. T. -

What made you choose meteorology as a career?

E. P. - As a child I was very interested in meteorological phenomena. Already at the
age of seven or eight I used to follow the movement of the clouds, changes in the
weather and even made my own forecasts.
H. T. -Where did you start your meteorological studies?

E. P. - When I joined the University of Helsinki there was no possibility of taking a
degree in meteorology, so my studies were mainly in the fields of astronomy, physics
and mathematics. My Master's degree thesis was in astronomy.
H. T. E. P. -
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Who were your professors and your collaborators in those days?
My professors were those who were engaged in teaching these subjects.

However, in my main subject I was under the guidance of Professor Jacobus Sundman.
He was a well-known international figure in the field of theoretical astronomy. At that
time some lectures in meteorology were given by Professor Johansson. I attended some
of these, even though, as I already said, I could not take a degree in meteorology.

H. T. days?

What was the status of the national Meteorological Service of Finland in those

E. P. - Because of the harsh winters and variable summers of the Finnish climate,
nearly all the physics professors at the University during the last century were
interested in observing climate and weather phenomena. Around 1850 the Office of
Meteorology was founded under the auspices of the Finnish Society of Science, and
this lasted until Finland became an independent country in 1917. The following year
the Meteorological Office became a governmental institution. There was already quite
a good network of meteorological stations in Finland at that time, as was the case in
most other European countries.

H. T. - In 1923 you published your first scientific paper on the theory of cyclone tracks.
What sort of data and information did you use for this study?

E. P. - In those days, of course, there were no regular synoptic upper-air observations. Therefore my first paper contained information based virtually entirely on
surface observations. For this study I mostly used the synoptic maps which had been
published in Russia covering the whole European region. The maps dated from before
the First World War, since no more were available during the war, and we had to wait
quite some time after the end of the war before similar data were obtainable again. I
must emphasize that for this study I drew heavily on the results published by the
famous Bergen school. I was already in contact with Tor Bergeron. His work
impressed and influenced me enormously. Bergeron visited Finland several times and I
benefited greatly from personal discussions With him.

H. T. -

Who was the founder of the Bergen school? Who were your collaborators?

E. P. - The real founder of the Bergen school was Vilhelm Bjerknes, although he was
not a synoptician. I had carefully studied the papers published by his son, J. Bjerknes
as well as those by H. Solberg. Even before I met these scientists, I had the conviction
that they had rendered a great service to synoptic meteorology and that theoretical
knowledge had taken an important step forward.

H. T.- In 1922 you started to work at the Marine Research Institute at Helsinki. Which
problems in oceanography interested you in particular?
E. P. - When I obtained my Master's degree from the University of Helsinki, the chief
of this Institute, Professor Witting, offered me a post as assistant. Later on I became
head of the section of the Institute which dealt with problems concerning water level
changes, and finally I became Director of the Institute in 1939 and held that position
until 1947. During that period I published several papers, most of which treated the
relation between wind, wind stress and water level changes and the relation between
winds and changes of stratification in the water, in the surface layer as well as at
greater depths. My other publications dealt mainly with currents in the B'altic Sea and
ice conditions in this area.

H. T. - Many of your papers relate to synoptic meteorology and you have been regarded
by many eminent meteorologists as a pioneer of research in this field. Your studies were
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carried out when the data were no more than rudimentary.. Did you find this exercise
difficult or frustrating?
E. P. - A number of my papers were published before I had personal contact with the
Bergen school. In 1928 I decided to visit Bergen. On my way through Oslo I met
Professor Vi! helm Bjerknes who explained some of his ideas to me and asked me to go
and stay with his son. During the two months I stayed in Bergen I was working in close
collaboration with Jack Bjerknes and this collaboration continued up to the outbreak
of the Second World War. My frequent visits to Bergen were in connexion with our
collaboration in the field of synoptic upper-air investigations. No regular radiosonde
observations existed in those days, and the only source of information from the upper
air was balloons with meteorographs, pilot balloons and aircraft reports. Jack Bjerknes
had already started observations using a small meteorograph constructed by the
Belgian J. Jaumotte. Probably the most systematic and elaborate study was that
conducted in 1935. At that time we wrote to a number of Meteorological Services in
Europe asking them to make balloon observations at specific periods as soon as they
received instructions from us by telegram. We waited until there seemed to be a typical
cyclone (depression) moving from the Atlantic Ocean towards Europe. When we
found a case which looked very favourable, we immediately informed all the European
countries and asked them to proceed with making frequent balloon observations
during the next two days. We were very lucky indeed since the depression in question,
which formed over England, moved towards northern Europe and the Baltic Sea,
developing into a mature cyclone. The European countries were very good in
responding to our request; the synoptic aerological coverage was excellent for those
days. The data enabled us to study not only the frontal surfaces but also stratospheric
phenomena. It was most exciting to see that we were able to construct maps for
different isobaric levels over practically the whole of Europe for a period of about two
days.

H. T. - I f I understand correctly, Bjerknes' and your analysis of the synoptic situation of
the upper layers of the atmosphere was confined to Europe, and was based only on the
information which you obtained by personally contacting various countries. Which
countries were involved in this effort?

E. P. -We had observations from Austria, Belgium, Finland, Germany, Hungary,
Norway, the Soviet Union, Spain, Sweden, the United Kingdom, and some from Italy.
The observations were sent by mail after they had been evaluated. Many balloons were
lost in the process of taking observations. It took two years for Bjerknes and myself to
publish the results (see Geophysiske Publikasjoner, Oslo).

Visiting the Niagara Falls in
1947. Left to right: Professors
J. Keranen, V. Vaisala and
E. Palmen
!Photo: B. Balck, br courtesr
Geophysical Socie(r o/Fiuland) ·
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H. T -

Where was Carl-Gustaf Rossby at that time, and where did you first meet him?

E. P. -The first time I met Rossby was in 1930 in Norway, when he visited Bergen. I
had many fruitful discussions with him. I was impressed by his ability in meteorological research and his special talent for simplifying complicated theoretical problems.
We met several times later on in Norway and Finland before the Second World War.
Rossby was equally interested in oceanography, and he was in close collaboration with
the Woods Hole Oceanographic Institute. The war brought a break in our contacts, but
in 1941 he sent me a cable saying that he had become a professor at the University of
Chicago and offering me a position. He wanted me to join him immediately. I could
not accept, since as director of the Institute of Marine Research in Helsinki I was
engaged in many activities and had numerous responsibilities during the war. After the
war I found it rather difficult to carry on oceanographic research in Finland, particularly because we had lost our research vessel. About this time Rossby visited the
USSR, and on his way back to the USA, he came to Finland. He again offered me the
possibility of working with him in Chicago as visiting professor. This time I accepted,
and left for Chicago in 1946 and stayed there for two years. After Rossby had left
Chicago to take up his new position in Stockholm, I visited Chicago several times, and
worked there for extended periods.

H. T. - Knowing both you and Rossby so well, I am sometimes surprised at your close
friendship. You were a master in synoptic analysis and Rossby had little ability in
analysing a map. Indeed, he was completely lost when given a chart and a pencil. How was
it you got on so well together?
E. P. -We got on very well together because we were more or less the same age, had
more or less the same background, and spoke the same language (Swedish). It is not
true to say that Rossby was uninterested in synoptic meteorology. On the contrary, he
showed great interest. In fact, I remember how Rossby used to collect all his collaborators at the University of Chicago and made them attend regular meteorological map
discussions. It is true that Rossby did not analyse synoptic maps himself, but he had
good analysts who did the work for him. Among others I should like to mention
George Cress man, who at that time was an assistant in the Department of Meteorology
at the University of Chicago. I consider those map discussions to have been extremely
fruitful; I enjoyed them and learnt a great deal from them.

H. T -You are considered by many meteorologists as the father of the jet stream. Your
earlier papers on jet streams and their interrelation with the general circulation of the
atmosphere and synoptic-scale disturbances are among the classical literature in
meteorology. Was it difficult at that time to convince meteorologists of your theory?

E. P. - I can tell you a small anecdote here. We had already observed on several
occasions very strong wind currents in the upper troposphere. In the autumn of 1946,
when Solberg was visiting the University of Chicago to deliver a series of lectures about
westerlies and the maximum anticyclonic wind shears that could be expected to exist in
the upper levels, he affirmed that the maximum anticyclonic wind shear should
correspond to the Coriolis parameter. I asked him whether he had verified his
assumption from synoptic maps. His answer was 'Of course not. I am a theoretician,
and I am not concerned with practical meteorology'. This led me to look seriously into
the problem, so I sought out special cases with more or less westerly flows in the upper
atmosphere. I found that if you have a strong flow in extratropical regions, it is
practically always connected with a fairly pronounced polar front. In 1947 I presented
such a special case during a discussion at the University of Chicago. I could show that
the anticyclonic wind shear to the south of the core of the jet stream did in fact
correspond to the Coriolis parameter. With the assistance of my students and collabo29

rators, in particular K. M. Nagler and C. W. Newton, I then started to analyse several
cases, and we came to the conclusion that the jet stream was actually a more or less
global phenomenon, being weak in some places and strong in others. At that time I did
not make any distinction between what later came to be called the polar-front jet and
the subtropical jet. I remember I started to distinguish between them at about the time
of a lecture which I gave in London at the Royal Meteorological Society - the
Symons Memorial Lecture, and I presented the same idea in B~rlin at a meteorological
meeting. I was then convinced that the subtropical jet was more a tropical
phenomenon related to the Hadley circulation.
H. T - When did you start your investigations into transfer mechanisms in the general
circulation of the atmosphere?

E. P. - I had studied a paper written by H. Jeffreys in 1926 pointing out the
importance of the eddy transfer of angular momentum and heat in the atmosphere, but
it was only in 1948 that my interest was aroused. I met Victor Starr at the University of
Chicago and became acquainted with his studies of this problem. Right from the start I
had some reservations about Starr's ideas since I felt that it was very difficult to have
transport of angular momentum upwards in tropical zones without a strong Hadley
circulation. We started something of a polemic about the importance of eddy transfer
and transfer resulting from meridional circulations. In due course I came round to
feeling that in many respects Starr was right, and that I should have accepted more of
his ideas at the time. However, I am also convinced that in order to transfer angular
momentum from the source region in the tropics to the extratropical zones, it is
absolutely essential to have a relatively strong Hadley circulation.
H. T - For how long did this disagreement between you and Starr last? Did this affect
your personal relations with each other?

E. P. -Our personal relationship was always friendly. However, whenever I started a
discussion, I had the feeling that Starr wanted to talk about different matters. I could
not understand his attitude, but we never had any personal conflict. In retrospect it is
clear that in many respects he was right and in some respects I was right.
H. T - So when you started to discuss the problem, Starr changed the subject?

E. P.
often
M. I.
man,

-Yes, he did. I don't know why. Probably this was due to his nature. He was
isolate.d, he did not frequently attend conferences or symposia. When he was at
T. he stayed there practically all the time. He was in many ways a remarkable
and his scientific contributions were of a very high standard.

H. T - You did considerable work on tropical meteorology. How did you become
interested in this area?

E. P. -The main reason was, of course, that at the University of Chicago I had close
contact with Herbert Riehl who was and still is an eminent specialist in tropical
meteorology. One day in 1947, I read in the newspapers that a strong cyclone was
moving from east to west and was expected to hit the eastern coast of the United States
of America. Being interested in seeing a tropical cyclone in real life I went to Boston,
but unfortunately for me and fortunately for the inhabitants of the eastern seaboard,
the hurricane crossed Florida and went towards the Caribbean Sea. I was so disappointed that when I returned to Chicago I decided to collect all the available data on
that storm. I worked about I 0 days and constructed a vertical cross-section through the
hurricane when located over Florida. It was then that I started to think about the
energy problem of tropical cyclones. I tried to find an interrelation between tropical
cyclones and the sea-surface temperature, and came to the conclusion that hurricanes
never formed in regions or at times when the sea-surface temperature does not reach at
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least 26° or 27°C.-Then I related this to the temperature distribution in the upper
troposphere and lower stratosphere and found that, in order to get positive development of kinetic energy, there must be a surface temperature of at least 26° or 27°C.
When the temperature is lower, no kinetic energy can be produced. This result was
accepted straight away by meteorologists; some of them, of course, had already been
aware of this connexion between sea-surface and upper-air temperatures. Later on,
Riehl and I made further investigations of the energy process in tropical cyclones. As
regards the tropical circulation, I have already mentioned that I was interested in this
problem in connexion with my work on the subtropical jet stream, and I was again
convinced that a prerequisite for the existence of this jet was a strong Hadley circulation. My main work on the tropical circulation was done in 1953 and 1954 when I
was at the University of California at Los Angeles. Here, with the help of Bjerknes and
Mintz, I was able to compute the mean mass circulation in the northern tropical region
during the winter season.
H. T. -You wrote a book together with Chester Newton. When did you start this work,
and when did you finish it? Do you think that the book contains a record of your contribution to the understanding of synoptic meteorology and the general circulation of the
atmosphere?
E. P. - It was Professor Jacques Van Mieghem who asked me to write a book on
large-scale processes in the atmosphere. The idea was that Starr should write a similar
book on the general circulation of the atmosphere, I should write on the large-scale
processes and somebody else would write about the small-scale processes. I accepted
this task, but made it clear that I would need the assistance of Newton as co-author. I
appreciated every minute I worked with Newton, and without him I should never have

At Helsinki in May 1953 on the
occasion of a meteorological
conference organized by the
Geophysical Society of Finland.
Left to right: Professors
P. Raethjen, R. Scherhag,
C.-G. Rossby and E. Palmen
(Photo: B. Balck, by courtesy of the
Geophysical Society of Finland)

been able to finish the book. Another complication which arose was that Starr declined
to write his book on the general circulation, so that we had to include that part in our
book. We started writing in 1962 or 1963, and the final version was ready in 1968 *. Of
course, the book records some of my own experience, but, by the time it was published,
so many new things had happened in meteorology that I felt the book should have
been published about ten years earlier in order to have been really up to date.
H. T. - In your opinion, what is the most significant development in the science of
meteorology since the Second World War?

* Atmospheric Circulation Systems. By E. Palmen and C. W. Newton. Academic Press, New
York and London (1969).
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E. P. Of course the most important developments in meteorology are the
improvements in the observations and meteorological telecommunication system. The
development of the radiosonde and other upper-air measuring systems has considerably improved the collection and accuracy of information. A vast quantity of data
are obtained from all sorts of platforms from the Earth's surface to the outer limits of
space. The processing of so much information would not be possible without modern
computers. All sorts of mathematical models can be devised to simulate the behaviour
of the atmosphere. Weather predictions four to five days ahead are common nowadays
using these models, and the results are quite satisfactory. One by-product of this is that
people are no longer interested in specific synoptic investigations since every special
case is just a special case. There is also a tendency among local forecasters to rely too
much on the numerical forecasts issued by large centres and not use their own
judgement, since in this way they escape responsibility. That could well result in a
decline in the accuracy of local forecasts.

H. T. -What sort of association did you have with IMO and WMO?
E. P. -As you know, the people who have had the strongest ties with IMO and the
present WMO have mostly been connected with their national Meteorological Services.
I never served at the Finnish Meteorological Institute. However, I was a member of the
WMO Commission for Aerology simply because of my work between the wars in the
field of synoptic aerology. For a short time I was a member of the WMO Commission
for Marine Meteorology, largely on account of my previous work at the In.,titute of
Marine Research. I also participated in several conferences organized by IMO and
WMO.

H. T. -Were you pleased when you received the IMO Prize?

E. P. - I was indeed very pleased and I consider it a great honour. I must confess that
I felt somewhat uneasy because my participation in WMO activities was not very great.
In any case, being awarded the Prize was a big surprise to me since I was completely
unaware that my name had been put forward.
H. T. - You are very modest when you say that you did not take part in the WMO
activities. Your contributions to solving problems of the atmospheric general circulation,
the energy and momentum budget, tropical meteorology, and so on, have advanced meteorological education and training a great deal, and since education and training is a major
WM 0 programme, you have done more than your share. At all events, I am very happy to
find you still so active and interested in the science. I am told that you spend most of your
days at the University.
E. P. - My philosophy in life has been that most people are productive and come up
with new ideas when they are young, even between the ages of 20 and 30. When they
are between 30 and 40 they are often at their best. Between 40 and 60 one can still do a
considerable amount of good work, but there are few people who can make substantial
new contributions at the age of 60 or over. A good portion of my own life was scientifically unfruitful because of the war. However, after the war I was lucky to have
contacts with an excellent group of younger scientists in the USA. The collaboration
with the Bergen and Chicago schools were the best periods of my scientific life. Later
on I spent a considerable amount of time finishing the book already referred to. Since I
reached the age of 70, the science of meteorology has been advancing so fast that now
all I can do is to try to follow the literature. From time to time I have discussions with
young meteorologists at the University, and occasionally supervise some of their work.
It is not good to be an old man, and, after aJI, what can you expect from somebody
who is 82 years old?
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H. T - I believe that you have been, and still are, a lucky person. You have been able to
enjoy the whole period of your life so far. I remember a friend of mine saying sadly that,
as a young boy, whenever he wanted to discuss something with his father, his father told
him that he was too young to understand. Now, when he tries to discuss problems with his
children, they refuse to listen because they consider he is too old. He feels he has always
been in the wrong period of life. Well, let us go on to my last question. You have a
reputation, which is borne out by my experience, that you love to have a good life, good
food and your cigars. How often do you go to a restaurant nowadays?

E. P. - At my age it is not really possible to enjoy good food any more. However, I
am very dependent on my cigars and I smoke them regularly. As a young man I often
felt that I had not enough force to start my work before I had lit a cigar.
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Professor R. C. Sutcliffe
To make this interview, the Editor of the WMO Bulletin had to fly to London and
then travel on to Bletchley, almost an hour by train. At Bletchley station, Professor
Sutcliffe was waiting. He looked much younger than his 77 years and wore a peaked
cap. He was full of life and humour and he drove rather fast. A visitor newly arrived
from the continent may perhaps be excused his initial consternation at being driven on
the wrong side of the road until he realizes that in England everyone is doing it. The
Sutcliffes' cottage is a charming period house well over two hundred years old. Upon
entering, even moderately tall people need to bend their heads since the entrance and
the ceiling are rather low. Yet the house has been beautifully renovated and furnished
with good taste. Here then, in these beautiful and peaceful surroundings, Reggie and
Eve Sutcliffe have chosen to live. Perhaps one reason for their remarkable fitness is
that they frequently have to chase out the neighbouring farmer's livestock which are
browsing in their garden.
Reginal Cockcroft Sutcliffe was born in Wales in 1904, but soon after this his
family returned to their native Yorkshire. His early education was at Whitcliffe Mount
School at Cleckheaton; he went on to the University of Leeds to study mathematics
and obtained his doctorate from the University College of North Wales at Bangor. He
was soon employed at the United Kingdom Meteorological Office and served at home
and in Malta. There he worked for a time with Professor Tor Bergeron, the well-known
Swedish meteorologist of the Bergen school. Sutcliffe's book Meteorology for
A via tors*, which first appeared in 1939, brought him renown. It was a delight both to
pilots and meteorologists, and quickly became a best-seller, being translated into
several languages. In 1938 and 1939 Sutcliffe published a few papers dealing with
divergence in the atmosphere and tackling the general problems of development on a
systematic three-dimensional basis. This was a novel line of inquiry; although purely
dynamical in nature, there were practical possibilities for forecasting. In all his early
works, Sutcliffe realized the vital need for upper-air information. His use of vector
analysis techniques was soon taken up, subsequently giving way to the use of tensors
for some aspects of atmospheric dynamics.
During the Second World War he served with the Royal Air Force, in France
from 1939 to 1940, then as senior meteorological officer of No. 3 Group Bomber
Command from 1941 to 1944, and finally as chief meteorological officer for the RAF
in Germany from 1944 to 1946 with the rank of Group Captain. It is interesting to note
that two of his collaborators during his tour of duty in France were D. A. Davies, who
certainly needs no introduction to readers of the WMO Bulletin, and P. J. Meade, also
known to many meteorologists around the world. Already Sutcliffe was a very
inspiring person, full of ideas and enthusiasm, greatly respected for his views on
synoptic analysis and famed for looking ahead and foreseeing meteorological events.
Those who served under his leadership still remember that rewarding experience. One
of the people who worked with him was Professor 0. Godart of Belgium, then an Air
Force officer. In his paper of 1947 A contribution to the problem of development**,
Sutcliffe acknowledged that one of his results -the new equation of continuity - was
due to Godart. One of the most important features of the 1947 paper was the use of
pressure (p) as the vertical co-ordinate instead of height (z). This approach, now widely
adopted, was indeed a departure from conventional methods, and there was some
sceptism as to its validity, since pressure varies not only in the z direction but also in
*Her Majesty's Stationery Office, London (1939)

**

Quarterly Journal of the Royal Meteorological Society 73 pp. 370-383
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the x and y directions. Sutcliffe was unshaken by such criticism, and his presentation of
the paper to the Royal Meteorological Society was an important milestone.
Next Sutcliffe set about building up a forecasting research team. He became the
Meteorological Office's first director of research in 1957, and had the onerous task of
creating what was virtually an institute of meteorology within the framework of a
governmental establishment. He was elected Fellow of the Royal Society and served as
president of the Royal Meteorological Society. By now, Sutcliffe's name was also
familiar beyond the shores of his native country. He was president of WMO's former
Commission for Aerology from 1957 to 1961. The WMO Executive Committee chose
him as a member of its Advisory Committee, a prestigious body composed of
12 eminent scientists and experts. Sutcliffe made invaluable contributions to the WMO
Education and Training Programme. The WMO Guidelines for the education and
training of personnel in meteorology and operational hydrology contains many important
inputs from him.
When Sutcliffe became Professor of Meteorology at the University of Reading, he
had to build up the University's new department of meteorology, a challenging task not
without its difficulties. Nevertheless, he managed to launch an excellent research and
training programme, one which has brought notable help to students from developing
countries.
Although Sutcliffe is mostly known for his studies in synoptic and dynamic
meteorology, he has also done valuable work in other fields such as atmospheric ozone,
hydrology and tropical meteorology. He is an able mathematician. His published
works run into three figures.
In his own country, Sutcliffe received the Buchan Prize from the Royal Meteorological Society in 1950, and its highest award, the Symons Gold Medal, in 1955. The
same year, the Physical Society awarded him the Charles Chree Medal. On the international scene, Sutcliffe received the IMO Prize in 1963 and honorary membership of the
American Meteorological Society in 1975.
Sutcliffe is a man of excellent humour, and if occasionally his lively wit is
somewhat abrasive, any victims of his remarks quickly recover and retain their
goodwill. He has proved to be exceptionally capable as a conference chairman.
The interview took place on Wednesday 25 February 1981. We are most grateful
to Professor Sutcliffe for having agreed to collaborate in this series. The Editor greatly
appreciated the warm hospitality extended to him, and also wishes to record his
gratitude to Mr. P. J. Meade for his valuable assistance in preparing for the interview.
H. T. - Professor Sutcliffe, at what stage in your formative years did you become
interested in meteorology? Who were your professors?

R. C. S. - That is an interesting question because it allows me to explain that in
Britain at that time there was no formal training in meteorology, either in a university
or in the Meteorological Office. The Met. Office recruited university graduates with
degrees in physics or mathematics and then placed them in one of its branches, such as
climatology, instruments or weather forecasting, and left them to pick up the subject as
they went along, through experience and reading. There was no formal training in
meteorology in Britain before the Second World War. At the outbreak of war, a
training school had to be created to form recruits to meet the rapidly expanding
wartime demand for meteorological services. The first department of meteorology was
probably that pf Imperial College in London, where there had been one part-time
professor before David Brunt was appointed full-time professor in 1934. However,
even here there was no formal training, only postgraduate work. So I had no professors
of meteorology.
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Professor R. C. Sutcliffe

H. T.- When did you join the United Kingdom Meteorological Office? What positions
did you hold, especially before the Second World War?

R. C. S. -When I had obtained my doctorate in 1927 I had to find a job. It happened
to be the time of the great depression in Britain and elsewhere. Therefore, it was not
easy for a graduate in mathematics to find employment apart from schoolteaching.
However, I applied for a vacancy in the Meteorological Office and was interviewed by
Brunt. I was taken on and assigned to the headquarters division in London. There my
duties during the first year consisted in some climatological work in connexion with
future air routes and some elementary work in the forecasting division. Then I was
posted to Malta-this must have been in 1928-and remained there for the next four
years. I was extremely fortunate because Professor Tor Bergeron was there under
contract from the British authorities to study the meteorology of the Mediterranean in
the light of the new theories of fronts and air masses. Thus I soon came under his
influence, and learned much about synoptic meteorology, including many new ideas
and theories. This has stood me in good stead all my life, infusing in me the sense of
being one step ahead of others in the Met. Office. In 1929 I married a Welsh girl that I
had met in Bangor (North Wales). After four years in Malta I was posted back to
England and took charge of the meteorological centre at Felixstowe which was at that
time a flying boat base. We provided a forecasting service for the flying boat
operations. After that I went back to the Air Ministry Met. Office headquarters in
London for a couple of years, and then moved down to the south coast to serve as
instructor at a Royal Air Force school. I remained there until the outbreak of war.
H. T. -So you had no formal meteorological training at all before or after joining the
Meteorological Office. What were the facilities for research at that time?
R. C. S. -There were no research facilities in the Met. Office. Any research that was
done was carried out as a voluntary part-time (or spare-time) activity. This was indeed
the policy of the Director at that time, Sir George Simpson, who, although himself a
famous man in research, considered that research was not the Met. Office's business.
This was most unfortunate because, apart from a few special lines such as Dobson's
pioneer work on ozone at Oxford University, there was no research going on in any of
the British universities either. Thus systematic meteorological research in the United
Kingdom was practically non-existent until after the war. Nevertheless, because of my
personal interest I wrote one or two papers whilst in Malta which were followed by a
few more which I wrote during my stay in Felixstowe. If, during this pre-war period, I
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gained some recognition as a research worker, it was purely on the basis of voluntary
work and not part of my official function. In London, my duties consisted mainly in
examining air pilots and navigators in meteorology. A major problem was that there
were no textbooks available for these people.
H. T. - In your early years as a practising forecaster in the Meteorological Office, you
had much to do with aviation. This was not as well organized as it is today, simply because
elaborate air traffic control communications and other facilities were not available. As a
consequence, the relationship between pilots and forecasters was very close, as was evident
from the care taken over pre-flight forecasting and post-flight debriefing. Did this special
relationship help you towards a greater understanding of atmospheric processes or suggest
lines for fundamental research?
R. C. S. - As a matter of fact, whilst I was in Malta we did not have much contact
with aviation. We were forecasting mainly for the British naval fleet operating in the
Mediterranean, and here everything was done by telephone; there was no real briefing
or debriefing. I gained experience of weather conditions in the Mediterranean basin,
and the peculiar ways in which depressions develop in that area. But when I later came
in touch with aviation, yes, talking to the crews certainly did make me aware of
problems which I had not previously thought of. One thing which struck me as particularly important was for the pilots and navigators to have a sound understanding of
meteorology. Of course, this was widely accepted, and even in those days every pilot
and civil navigator had to pass an examination in meteorology before he could get a
certificate. But, as I have already said, there was little suitable literature to help them.
H. T.- So this led you to compile your book Meteorology for Aviators which became the
standard work for pilots and navigators. Young graduates also found the book invaluable
for its clear presentation of the basic aspects of synoptic meteorology. As its author, you
became well known in meteorological and aviation circles, both in the United Kingdom
and elsewhere. Would you like to say something about this book, its origin and history?

R. C. S. -Thank you very much. It is always a pleasure to hear that one's work has
been successful. As to its origin, I told Sir George Simpson about the lack of reading
material to help aircrew candidates prepare for their examination in meteorology, and
his reaction was to give me six months to write a book. He added that there was no
office space available for me, so that I should have to do the job at home. This suited
me excellently, and I soon established a work programme which consisted of working
in the morning and evening and relaxing in the house and garden in the afternoon. I
thoroughly enjoyed that six months, and the manuscript was ready on time.
H. T. -In the period 1939-f945 you were involved in the war effort. Would you like to
tell us something about what you were doing during those eventful years.

R. C. S. - Shortly before the war broke out, I was given a commission in the Royal
Air Force Volunteer Reserve as a Squadron Leader in the expanding meteorological
section. Soon after the beginning of the war, I was sent to France with a more senior
officer, Group Captain F. Entwistle, who later became well known in international
meteorology and joined the ICAO. At the meteorological headquarters to which I was
posted in France, one of the flight lieutenants was D. ·A. Davies, now Sir Arthur,
Secretary-General of WMO from 1955 to 1979. We were there throughout the period of
the so-called 'phoney war', and were not then much involved in military activities. We
were evacuated shortly before the famous retreat from Dunkerque. Then I and another
group of meteorologists flew out again to the still-surviving headquarters west of Paris,
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and were sent from there to another headquarters at Salon (near Marseilles) which had
been set up to control bombing raids over northern Italy. The collapse of France put
an end to this, and again we were evacuated, this time through Marseilles and
Gibraltar. My wife was very relieved when I eventually turned up, our ship having had
to zig-zag its way from Gibraltar to Liverpool to avoid the attention of U-boats. That
was the end of the first phase of the war. I was then posted to No. 3 Group, Bomber
Command, in East Anglia. For nearly four years I was engaged intensively in
preparing weather forecasts for all bombing operations over Germany, mostly nighttime raids. It was very concentrated work because I was on duty virtually all the time,
and anyway I liked to be there during the night when the group was operating. As
Bomber Command operations grew and ramified, it became necessary to ensure
centralized control on a Command basis. A meteorological unit was therefore set up at
Bomber Command headquarters which became a co-ordinating centre for the forecast
offices at the various group bases. Although the forecast offices continued to work
more or less independently, a telephone conference link-up was established, perhaps
the first time that different meteorological forecast offices had been able to discuss the
forecast and arrive at a consensus. This was indeed essential, since we had to give
consistent advice for operational purposes. Incidentally, this telephone link-up idea
was copied later for the 0-day landings in 1944 to co-ordinate information given to the
British and American airborne and naval forces. Yes, the Bomber Command
telephone conferences became a recognized part of our work. I took part practically
every day in those years. Eventually, the forecasting of the upper winds (which were, of
course, one of the most crucial elements) was co-ordinated and centralized in Bomber
Command headquarters where a large comprehensive upper-air forecasting section
grew up.
H. T. - In one of your papers published in the Quarterly Joumal of the Royal Meteorological Society in 1938 or 1939, you indicated that you were taking a three-dimensional
view of atmospheric processes, even though the available data then consisted almost exclusively of surface observations. In this paper you discussed the dynamical implications of
wind changes in the vertical-that is, the thermal wind-and you propounded a number of
tentative guidelines. Would you like to look back on this paper and discuss any lasting
effects it may have had on your thinking?

R. C. S. - I suppose it was whilst I was in Felixstowe and during the next two or three
years that I began thinking al?out the central meteorological problems-the development of depressions and anticyclones, vertical motion, divergence, and such things.
At that time there were few, ifany, studies of dynamical meteorology which were of
use in practical forecasting. The Norwegian frontal and air-mass theories were almost
completely non-dynamical; the concepts of air masses, their modification, and their
weather features were essentially physical. The description of fronts was also essentially
non-dynamical, and nowhere in the early theories could one find an explanation as to
why a depression developed as a wave on a front, or why the warm air rose up the
frontal surface. So the principles of frontal and air-mass analysis, as I had learned
them, had very little, if any, dynamical content. This was a significant weakness.
Napier Shaw's books on meteorology* which were being published at this time
contained practically no relevant dynamics to explain the development of depressions.
Brunt's justly famous book on dynamical meteorology** which first came out in 1934
also Jacked dynamics on the synoptic scale. It did develop the geostrophic wind
equation and the general equation of motion, but there was practically no dynamics
*Manual of Meteorology. By Napier Shaw. Cambridge University Press (1926 et seq.)
Physical and Dynamical Meteorology. By David Brunt. The MacmiiJan Co. (New York)
and Cambridge University Press (1934).

**
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relevant to the synoptic problem. Meteorologists were, in fact, discussing the problems
from the wrong angle. Much thought was given to the question of why pressure fell and
where the air went. When the problem was properly analysed, the hydrostatic fall of
pressure at the Earth's surface could be seen to be a secondary effect. The vertical
integral of divergence {which, of course, was known to produce the change of surface
pressure) was, to a first approximation, zero. This was a most important step in the
explanation. But even in a deep depression, the fall of pressure is only about five per
cent so that this was the wrong question. The real question to ask was: Why did you
have convergence and divergence in the systems and why did you have vertical motion,
bearing in mind that the vertical integral of divergence equals zero as first approximation? Bjerknes's tendency equation was perhaps one of the most famous equations
in meteorology, yet it was also a misleading one. It did harm, because it conveyed a
wrong impression. According to Bjerknes's equation pressure tendency was divided
into two parts; one was due to the temperature advection and the other to divergence.
But variations in the pressure at the Earth's surface are not physically divisible in this
way. A change of temperature in a column of air dot(s not affect the pressure at the
Earth's surface. You can heat the whole column but its weight remains the same. So
this is irrelevant. The division of the mathematical expression (the divergence of
momentum) into a divergence and a density effect is physically misleading. So when
one came to think about a model, the clue was already there in the work of certain
previous workers, for instance W. H. Dines, who realized that, to explain what was
known about the structures of depressions with a low tropopause, a low central
pressure and a warm stratosphere, there was a need for a three-dimensional model with
divergence in the middle and convergence at the bottom which were roughly in
balance. Starting from there, one then had to think about why you should have
divergence in the upper troposphere, and the clue to that was in realizing that the
geostrophic wind (apart from the so-called P-effect) is non-divergent, so that
divergence is a question of the ageostrophic wind, which is directly proportional to the
acceleration turned through a right angle. Indeed, the geostrophic equation written as
the ageostrophic wind equal to the acceleration turned through a right angle is perhaps
the most illuminating dynamical equation of synoptic meteorology. Divergence is thus
linked directly with acceleration, so it is the field of acceleration that you have to study.
It can be divided into the local and the advective form of acceleration, and it was by
looking at it in that way that I developed my ideas.
H. T. - Military requirements in wartime laid very heavy responsibilities on national
Meteorological Services, and they were given much help in expanding their facilities so
that the best possible meteorological advice could be provided to military and civil defence
forces. Of course, there were large areas from which no data were available, but on the
other hand networks of surface and upper-air stations did provide a wealth of data in
certain regions, and for the first time synoptic meteorology became three-dimensional in
operational use. This must have given considerable impetus to the science of meteorology.
Would you like to comment on that?

R. C. S. - At the outbreak of war we had no synoptic upper-air information from
Britain, except for one aircraft ascent in England. The radiosonde was just starting to
be developed in some countries, but we mostly relied on measurements by aircraft in
the early days. Upper-air information was vital for a proper understanding of the
atmosphere. Remember that the basic dynamical equations had been developed and
actually used by Richardson way back in the 1920s, but they were subsequently largely
ignored by practising meteorologists for the very good reason that they did not have
the necessary data. It was only when upper-air information became available that
attempts could be made to apply three-dimensional dynamical methods. By the end of

40

the war, forecasting based on three-dimensional analysis had become possible over
much of Europe and the Atlantic and a few other operational zones, but not elsewhere.

H. T. - When you took charge of forecasting research in the Meteorological Office, you
had to build these activities up from practically nothing. How did you set about this
formidable task?
R. C. S. - I t had been Sir Nelson Johnson's policy as Director to develop research
activities in the Met. Office before the war, but the war came too soon for this to be put
into effect. After the war I was very lucky to be chosen to take charge of weather
forecasting research. It was the first time that provision had been made for such
functions in the national Meteorological Service of the United Kingdom, or even in
North America. I was given a staff of between six and eight scientifically qualified
people and a new building close to the Central Forecasting Office in Dunstable and I
was told to get on with it. One of my senior staff, who was to become my successor,
was Mr. J. S. Sawyer, also well known in WMO circles. We started on two lines of
research, short-range and extended-range forecasting. For extended-range forecast
studies we began to draw weather maps for the whole northern hemisphere, and this
subsequently became routine. As for short-range forecast investigations, we had to
tackle numerous problems, applying my own dynamical ideas and studying the
distribution of rainfall associated with depressions. I took a special interest in research
into extended-range forecasting. Of course, this was before the days of computers. We
developed a prediction technique using the surface pressure pattern, the 500-hPa
contour pattern and the I000/500-hPa thickness pattern, treating the thickness (or
thermal) pattern as being modified by advection. In a sense, we were doing what the
computer now does very efficiently-pushing the thickness pattern on a little way,
modifying the surface pattern, and going on step by step.

Dr. Sutcliffe describes features of the
synoptic chart to His Royal Highness
Prince Philip, Duke of Edinburgh, who
was paying a visit to the Central
Forecasting Office in June 1962
!Crown copyright)

H. T. -You were able to give research efforts a considerable boost by the publication in
1947 of your famous paper A contribution to the problem of development. I have often
wondered whether this was largely a theoretical exercise or an attempt (a very successful
one) to provide theoretical support for forecasting techniques that had evolved from
practical experience. Can you recall the circumstances in which you prepared the paper?
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R. C. S.- Much to my delight, the theory came up for discussion only last week at the
Royal Meteorological Society. The basic concepts in that 1947 paper are really much
the same as those in my 1939 paper-the idea of the field of divergence. In some ways
the earlier paper was more satisfactory because there I was dealing with the field of
acceleration directly. In the 1947 paper I tried to put it in terms of vorticity, which
turned out to be rather disappointing because certain parts of the divergence field
cannot be treated in this way. Anyhow, the whole idea had been ticking over in my
mind all through the war, in fact during the war I had been able to write some papers
which had been published internally, and parts of these were incorporated in the 1947
paper. For a short time during the war one of my collaborators was the Belgian,
0. Godart, who was a very able mathematician. He worked hard at the dynamical
equations, and had we been able to continue he might well have become renowned as a
dynamical meteorologist. However, the course of the war brought our association to an
end. My intention was that these ideas should be used in practical forecasting, and I
think they were of practical use. You could study the fields of motion, you could
recognize where upper-level divergence and convergence were taking place largely
from inspection of the upper field, and you could thereby have a good idea of where
development was likely to occur. To a large extent this is still valid today.

H. T. - In the days before computers, much of the research work was done by an
individual. If teams were involved, they were relatively small. How were ideas exchanged
and discussed in those days? Did you fly kites and see how other colleagues reacted?

R. C. S. -Quite early on we began having weekly colloquia in the department where
we would discuss the work that each member of the staff was doing. There were also
daily map discussions on forecasting problems. These gatherings were quite lively
occasions. I consider it to be of vital importance for sound progress in research that a
person has to justify every step he has taken against the criticism of his well-informed
colleagues.
H. T. - With the arrival of computers on the scene, you must have been responsible for
initiating the development of numerical weather prediction in the United Kingdom. How
did you tackle this problem, in which there were so many possible approaches?

R. C. S. - When the computer first started to be used for meteorology in the USA
shortly after the war, thanks to rapid communications everyone knew about it. Thus as
soon as computers became available in Britain there were people here who wanted to
do likewise. In my group, it was Fred Bushby who was the most anxious to apply them
to weather prediction. We first tried the barotropic model and then developed a
baroclinic model of our own. This became known as the Sawyer-Bushby model. Of
course I was greatly interested in it, and did make some modest contributions.
H. T. -In 1953 you became responsible for all fields of research in the Meteorological
Office. Would you comment on the national activities at that time, both in the Met. Office
and in universities, and the Royal Meteorological Society?

R. C. S. -After the war, meteorological research in Britain and many other countries
developed at a tremendous rate. In the Met. Office, under the Director-General there
were now two directors, one for services and the other for research. The Research
Directorate had branches covering fields such as forecasting research, physical
research, boundary-layer research, turbulence and upper-air research, high-atmosphere
research, and so on. Indeed, we were able to develop a research programme over pretty
well the whole spectrum of atmospheric physics. The Royal Meteorological Society
had continued its activities in a somewhat restricted way during the war, and soon after
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the war I was asked to take on the editing of the Quarterly Journal, which I did for a
number of years. I was elected president of the Society in 1955. The Society was a great
part of my life and it was generally accepted as being a very active organization. I was
also much involved with work on national committees for IUGG and IAMAP.
H. T.- What were your contacts with WMO?

R. C. S. - I suppose my first contact was when I attended the first post-war session of
the IMO Aerological Commission in Toronto in 1947. In fact my main link with WMO
was through the Commission for Aerology. In due course, I became secretary, and later
president of this Commission.
H. T.- You were also a member of the WMO Advisory Committee which was set up by
Congress in 1963.
R. C. S. - Yes, that was a good committee. It is a pity that it lasted so few years
because it had good representative scientists on it. I firmly believe that WMO needs to
have as close a contact as possible with the academic world, and such a board
consisting mostly of academics could only be of value.
H. T. - What were some of the highlights of research activities during the dozen or so
years that you were Director of Research?

R. C. S. - I had about 50 scientists in my organization, all very busy. My respon~
sibility was mainly to approve general lines _of activity and obtain the necessary
facilities for the work. The development of numerical forecasting was very important,
and this was mostly left in the capable hands of people like Sawyer and Bushby. Most
of the work on the physics of the atmosphere was associated with other branches of the
Office. The leading worker in that field was G. D. Robinson who is now in the USA.
Amongst his responsibilities was high-atmosphere research and the development of
sensors for sounding the atmosphere from satellites. We put in a great deal of effort,
and it was very profitable that we kept in touch with these latest developments in
meteorology.
H. T. - Remarkable progress has been achieved during the past 25-35 years in almost
every specialized field of meteorology. For example, atmospheric ozone, formerly so
neglected, has now assumed considerable importance in the context of climate changes and
its indispensability as a shield from ultraviolet radiation. What are your comments on this
diversified progress?
R. C. S. -Without in any way belittling the efforts and-ingenuity of early workers,
who had not the benefit of the prodigious tools of modern technology, I believe that it
would not be too much to say that meteorology is a post-war subject. Since the war,
research efforts have increased not by one, but by at least two orders of magnitude.
Advances have been made in pretty well every branch, which has quite altered the
complexion of the subject. The development of the computer had a tremendous effect.
Nowadays things can be done which were totally impossible before the war. I derive
particular personal satisfaction at the interest at last being taken in general atmospheric
circulation theories applied to problems of climate and the possible time-range limits of
weather forecasting. These always seemed to me to be the central problems of
meteorology, if you define this as being the science of the Earth's atmosphere. Early in
my career as chief of research, I proposed to the Director, then Sir Nelson Johnson,
that we should include climatology as a subject for the Meteorological Research
Committee. Sir Nelson· said 'Are you sure that climatology is a scientific subject?' I
replied that perhaps a lot of climatology was not very scientific at the present time, but
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that it should be, because the study of the climate of the Earth is really the basic subject
of meteorology. Statistics on the distribution of temperature and rainfall values set a
problem which ultimately meteorologists have to solve. The separation between climatology and meteorology was a very bad thing. I am pleased to think that after 50 years
they are coming together, that meteorologists realize that the climate of the Earth is
their problem, and that the general circulation of the atmosphere is the same thing as a
theory of climate.
H. T. - In 1965 you became Professor of Meteorology in a new department at Reading
University. What led to this department being established? What problems had to be
overcome in starting from scratch, drawing up teaching and research programmes?

R. C. S. -The establishment of the meteorological department at Reading University
in 1965 was essentially an initiative taken by the University itself. At that time (so
different from today) universities in England were being encouraged to expand. Funds
were not too difficult to obtain, and Reading University realized that one interesting
discipline to foster was meteorology, taking account of the fact that the Meteorological
Office had moved its headquarters to Bracknell, only a few miles away. Moreover, Sir
Graham Sutton, who was then the Director-General of the Meteorological Office, was
also keen on developing meteorology in British universities. Thus it was that Reading
University eventually decided to set up a department and create a chair in
meteorology. It happened that I was coming up to the age of 60 and could, if I wished,
retire from the Met. Office. Therefore I decided to apply for the post and was accepted.
I had no difficulty in convincing the senate of the university that the new department

Presidents of WMO technical commissions in May 1961. Left to right: Dr. P. M. A. Bourke
(agricultural meteorology); Mr. M. A. Kohler (hydrological meteorology); Mr. J. A. van Duijnen
Montijn (maritime meteorology); Mr. C. C. Boughner (climatology); Mr. P. H. Kutschenreuter
(synoptic meteorology); Dr. R. C. Sutcliffe (aerology); Dr. K. Langlo (chief of the Technical
Division in the WMO Secretariat); Mr. A. Perlat (instruments and methods of observation)
(WMO/Freddy Bertrand)

should have six or more permanent teaching staff and offer a first degree in
meteorology. This was the first time in the United Kingdom that a bachelor's degree
had been offered with meteorology as one of its principal subjects. I had already had
some experience in preparing syllabuses in the field of meteorology, and so could fairly
readily put one together for the degree course. It provided for students to spend half
their time on physics and half on meteorology, and to take a special examination in
these two subjects. By the time I left the department five years later, there were five or
six staff members, a synoptic meteorology laboratory with teleprinters so that we could
have our own weather maps, and a physics laboratory where we could do all the basic
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experiments in atmospheric physics and thermodynamics. Today there is a good
comprehensive department for teaching meteorology and a postgraduate research
school.

H. T. - The department at Reading has given special attention to the field of tropical
meteorology, and I know that this was one of the aims to which you accorded high priority.
Would you like to explain this and comment on the progress you achieved?
R. C. S. - I am not sure that I achieved much progress, although I had it very much at
heart, and did put up a scheme at one time to develop an institute of tropical research
in Reading University. I thought it was very appropriate that we should do that,
because we were drawing students from many parts of the world, including the tropics.
After I left it was thanks to Professor R. Pearce that tropical meteorology has got a
more definite place in the work of the department.

H. T. -You are known to hold strong views on education and training in meteorology.
Would you care to expand briefly on this?
R. C. S. -This has always been a problem of some importance, especially in Meteorological Services. Having come into the Service at a tim~ when there was no training in
meteorology, and having had to pick up the subject myself, I realize that I went
through the whole of my career with many gaps in my knowledge which ought to have
been filled when I was a student. Also, I fear that many of my colleagues who came
into meteorology as I did remained basically ignorant about meteorology as a science,
even though they could analyse a synoptic chart and make some sort of forecast. I am
convinced that meteorologists must be thoroughly educated in the subject, which is a
scientific profession by definition. The Meteorological Services in many countries
considered it more expedient to train their personnel themselves rather than entrust this
to the university system. Whilst this might have been all right for those engaged on the
various technical ancillary jobs, it must be remembered that the fundamental work is
scientific, and teaching should be in the hands of expert scientists. I do not agree that
advanced instruction in meteorology should be in the hands of Meteorological
Services. I think this is wrong, not because the Meteorological Services are inefficient
or incompetent, but because they become specialized in a form of education not
integrated with the educational system of the country or the world as a whole. Consequently, the science becomes isolated and the people do not have the status which is
only obtainable through a university. I would like to develop this thesis at length, but I
cannot do that in a few minutes. I regard education as basic to civilization. I regard the
universities as an absolutely essential part of the educational system, and I regard it as
fundamental that the scientific and intellectual professions look upon the universities
as the source of their basic training, and as centres of research and of scholarship in
their disciplines. It is not good enough to take graduates in physics and mathematics
and put them into the schools of the Meteorological Services to train them as meteorologists. In that way they do not look back upon their university as an independent
source of basic knowledge but look inwards upon themselves, and lose that essential
inspiration which I believe comes from a wider intellectual background. It is my
conviction that the basic work of teaching in meteorology, as in other subjects, should
be within the university system. If this presents difficulties, then those difficulties
should be overcome.

H. T. -You played a leading part in co-ordinating hydrology with meteorology in the
United Kingdom. The arrangements you laid on aroused interest in other countries. Would
you like to comment on this?
R. C. S. - I developed a special interest in hydrology because it seemed to me that
many of the problems of hydrology were essentially meteorological. Not just the
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obvious problems of precipitation and rainfall, but also evaporation from the Earth's
surface and evapotranspiration were just as much meteorology as they were hydrology.
The water balance problem, although basically hydrology, is equally basic to
meteorology. This conviction that the two subjects are so closely interlinked led me to
suggest to the Hydrological Committee certain ways in which we might collaborate
more closely. Between the Hydrological Service and the Meteorological Office, I
managed to achieve a very close co-operation which still exists today. One of my minor
achievements was to get hydrology formally included among those disciplines from
which the Royal Society would consider electing its Fellows.
H. T. - Could you say a word about some of the other outstanding figures in meteorology
with whom you have come into contact?

R. C. S. - I have already mentioned my early association with Tor Bergeron. I met
Jacob Bjerknes from time to time, although he did not take much part in international
affairs. Carl-Gustav Rossby had a tremendous effect on me. For a few years I knew
him intimately because he was the president of IAMAP at the time I was secretary.
Sadly he died whilst he was still president. I consider him to have been the most stimulating personality of his generation to have entered meteorology. Jacques
van Meighem, the leader in Belgium, was an excellent formulizer of mathematical
meteorology and a very effective leader of any group. I met van Meighem for the first
time at Brussels in 1944 when our headquarters moved there. Then I met Wouter
Bleeker in Holland in 1945 when we finally crossed the Rhine. I remember he stood
two metres tall and looked like a tailor's dummy, with his clothes hanging on him. He
had gone through the winter of 1944/45 in a state of semi-starvation, and I was very
happy to be able to take various articles of food to hi~ house in Utrecht at that time. We
became very good friends. He had a special attitude towards meteorology; he believed
in the thermodynamics of the atmosphere and refused to be overwhelmed by ideas of
purely dynamical processes. After the war Sir Nelson Johnson was no longer an active
scientist, although he was the first President of WMO. His successor, Graham Sutton,
was an inspiration in the sense that he was very enthusiastic about developing research
in the Office, and succeeded in obtaining electronic computers for our use. But I must
admit that at that time in Britain there were no inspiring scientists in synoptic or
dynamical meteorology to compare with personalities like Bergeron, Bjerknes, Rossby,
Charney or Eliassen. We had a farseeing dynamical meteorologist in England at that
time in Eric Eady who produced some beautiful theoretical work on what we now
know as Eady waves, but unfortunately he died young. Also I had a very fruitful
collaboration with the late Professor P. A. Sheppard, who took over the Imperial
College Chair of Meteorology from Sir David Brunt. We worked closely together for
many years, he representing the university and the academic world and I the Meteorological Office.
H. T. - I know you have received several awards in your life. How did you feel when you
received the IMO Prize?

R. C. S. - I was delighted, as one always is. I don't know why I was selected, but
winners of prizes always owe something to chance, do they not? The awards which
gave me greatest pleasure were my first and nearly my last. It was during the war that,
to my utter astonishment, I learnt that as a Squadron Leader I had been awarded the
OBE (Military) for my work in forecasting for the bombing raids. The more recent
award, that of honorary fellowship of the American Meteorological Society, was again
a total surprise and no less a delight.
H. T. today?'
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My final question is: 'What advice would you give to a young meteorologist of

R. C. S. -That is a hard one. The advice I like to give to anyone is to remember that
you're only here once, and to take every opportunity in these earlier years to increase
your knowledge and develop your skills. Remember that the work you put in during
these early years is probably going to be the most rewarding of any work you will ever
do, and you will never be able to repair the omissions which you make now. I don't
believe I have any particular advice to give to a meteorologist. I think it is a good
profession and a happy profession - I always had the feeling that meteorologists as a
group were a happy lot of people, and perhaps there is some truth in that. The subject
is intrinsically attractive, it is related to nature and the environment, it has no
unpleasant overtones and is entirely beneficial to the human race. I also think it will
have a growing importance in the future, since we are creatures of the environment,
and we must know more about our environment if we are going to be as successful as a
species on this Earth as we have been in the past.
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Academician E. K. Fedorov
Evguenij Konstantinocich Fedorov was born on 10 April 1910, and following his
primary and secondary education he entered the University of Leningrad in 1928,
obtaining a degree in geophysics in 1934. The degree Doctor of Science was conferred
on him in 1938. While at university, and even earlier, Fedorov had a great desire to
explore unknown lands. He was particularly fascinated by the mysteries of the polar
regions and felt an urge to unravel them. It was therefore no surprise that in the 1930s
he participated in the first Soviet expedition on a drifting ice floe in the Arctic. It was
at Tikhaya Bay (Hooker Island) in Franz Josef Land that Fedorov spent his first arctic
winter. The leader was the legendary Ivan Dimitrievich Papanin, whose life has been
the subject of many books. In his own book Polar Diaries, Fedorov talks of Papanin
with great admiration and respect. The exploration of the Arctic has indeed been an
important achievement by the USSR, and Fedorov was one of the first persons who
actively and very conscientiously participated in this difficult and heroic work. In 1937
the young newly-graduated geophysicist found himself in a group of four expgienced
polar explorers on a drifting ice floe. For nearly nine months they were cooped up
together in the same tent, eating from the same pan, sleeping side by side and never
getting away from each other. In those days the living and working conditions were far
more harsh than they are today. Nevertheless meteorological and geological observations were rigorously carried out under the extremely cold and hostile climatic
conditions. Under the leadership of Papanin, the members of the expedition succeeded
in surmounting all the problems. For several years Fedorov's papers about the
expedition .were put aside and forgotten about; nobody quite knows why.
In January 1977 tragedy struck. Academician Fedorov lost his wife, Anna
Viktorovna, with whom he had shared love and happiness for 43 years. A little while
earlier, they had lost their grown-up son. These two bereavements affected him very
much, but also prompted him to publish his book. The book is dedicated to his wife
who, together with the wife of Papanin, were the first women polar explorers. Fedorov
and his wife worked side by side at the polar station at Cape Chelyuskin, the
northernmost point of the Siberian mainland, in 1934 and 1935. From here he made an
extensive journey in the Taymyr peninsula.
In 1939, at the age of 29, Fedorov became head of the main administration of the
Hydrometeorological Service under the Council of Ministers of the USSR, and
remained .in that position until 1947. The same year he was elected associate member of
the USSR Academy of Sciences. From 1947 he was the chief of one of the laboratories
of the Geophysical Institute of the Academy of Sciences and also deputy director of the
Institute. He became director in 1956. In 1959 he was nominated Senior Scientific
Secretary of the Presidium of the Academy, and received the title Academician in 1960.
Academician Fedorov returned to the Hydrometeorological Service in 1962 and
remained there until 1974.
During his professional life, Fedorov set up several large research institutes for
both theoretical and experimental studies of atmospheric processes. Among these are
the Institute of Applied Geophysics, the Institute of Experimental Meteorology, the
Alpine Geophysical Institute, the All-Union Research Institute of Hydrometeorological Information, World Data Centre B, and regional hydrometeorological research
centres in Khabarovsk, Novosibirsk and Tashkent.
Fedorov is an outstanding figure in the field of geophysics. Under his leadership
extensive studies have been conducted in the physics of the atmosphere and weather
modification. He belongs to that rare type of scientist for whom the ultimate objectives
of Earth sciences must take account of the social and technical problems associated
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Academician E. K. Fedorov

with interactions between nature and the human race. He is an excellent exponent of
social thinking in the field of geophysics, and a great protector of the environment. He
is a forceful advocator of peaceful coexistence. In the preface to his book Man and
Nature, Fedorov writes:
'Despite differences of opinion, all of us must be clear about one thing: humanity
must adopt new methods in order to optimize its relationships with nature. And
no matter what course is taken, this can be done only in conditions of a lasting
peace, disarmament, peaceful coexistence and close co-operation between
countries with different social systems. There are no alternatives, and I hope this
book will advance the understanding and recognition of that basic truth.'
The name of Fedorov is well known in the world scientific community. He is a
frequent participant in international conferences on atmospheric physics, applied
geophysics, environment matters, and so forth. He has led the USSR delegation to
several international meetings concerning nuclear energy and the prohibition of
nuclear tests.
He has received high national and international awards, including the Gold Star
of the Hero of the Soviet Union, six Orders of Lenin, the Order of the October
Revolution, two Orders of the Red Banner of Labour, two Orders of the Patriotic War,
the Order of Kutuzov, and other medals.
Fedorov was a member of the WMO Executive Committee for 12 years (from
1962 to 1974) and was a Vice-President for eight years. As a member and one of the
officers of the former WMOjiSCU Joint Organizing Committee, he contributed to
international scientific and technical co-operation in the Global Atmospheric Research
Programme. He received the twenty-first IMO Prize in 1976 (see WMO Bulletin 26 (4)
p. 283).
Fedorov is an outstanding statesman and a public figure. At the XXV Congress of
the Communist Party of the Soviet Union, he was elected an alternate member of the
Central Committee of the party and re-elected at the XXVI Congress. He is a member
of the Presidium of the USSR Supreme Soviet, having been elected at the ninth and
tenth convocations. He is vice-president of the World Peace Council and chairman of
the Soviet Peace Committee.

50

Fedorov has published some 250 scientific works in the fields of geophysics,
physics of the atmosphere, meteorology, oceanography and interaction between society
and environment, and about the same number of works in a more popular vein.
Perhaps the greatest attribute of Academician Fedorov is his extreme kindness.
The Editor of the WMO Bulletin is very grateful to him for according this interview
which took place at his home in Moscow on 31 March 1981, and for the warm hospitality. Fedorov appeared to be in good health and greeted the Editor with his
customary politeness and kindness. The room was well furnished, with a large desk at
which Fedorov probably spends most of his time, with his personal library close at
hand. He was very much at ease and answered the questions without hesitation. We
wish Academician Fedorov many more years of fruitful activity, both in the Soviet
Union and in the international arena.
H. T - Could you say something about the place where you were born, your family, the
environment in which you grew up, the schools and universities you attended and the
subject of your doctorate thesis?
E. K. F - I was born in a village called Bendery, not far from Kishinev, the capital of
the Moldavian Republic. Everything I knew about Bendery I learned from my mother;
I don't remember much about my childhood there. I revisited Bendery when I was 66,
and found it had become an important industrial town. While I was still quite young,
my parents moved to Gorkiy (at that time krtown as Nishniy Novgorod), a large town
about 400 km east of Moscow. I lived with them there until 1927. After finishing
secondary school I went to the University of Leningrad where I studied from 1928 to
1932. I graduated from the Faculty of Physics with a speciality in geophysics, and
obtained a doctor's degree in 1938. My ambition was to take part in expeditions to
unknown parts of the country. After graduating I joined an expedition which was
going to Franz Josef Land in the Arctic at about latitude 81 °N.
H. T - From 1932 to 1939 you were a scientific worker on arctic expeditions and polar
stations. Later you became the director of the Arctic and Antarctic Research Institute.
Could you describe what were the purposes of these expeditions? How long did they last?
Which places did you visit? Who were the leaders of the expeditions and what scientific
results did you obtain? Were you engaged on a special expedition during the Second International Polar Year in 1932/33?

E. K. F - The first expedition to Franz Jozef Land was organized precisely in
conjunction with the International Polar Year. The leader was I. Papanin, a man who
became very famous in our country some years later. I worked there as a specialist in
terrestrial magnetism and astronomy, and also as a weather observer. From 1930
onwards there were many Soviet expeditions to investigate unknown parts of the Arctic
in which scientists took part. The main purpose was to try to find a navigable sea route
between the west and the east. This meant studying the drift of sea ice and the weather
systems over the whole vast region. The expedition to Franz Josef Land was mv first
experience of this kind of work. It appealed to me, and so I decided to continue in this
field. For one year in 1934-1935 I worked as a scientist at Cape Chelyuskin. My work
was connected with geophysical observations and cartographical and magnetic
surveys. This made it possible to determine the magnetic field in these parts as well as
to determine the cyclic trend of the elements of magnetism. As a result of these two
expeditions, my first papers were published by the Arctic and Antarctic Research
Institute in Leningrad. My third trip was with the first Soviet expedition to the North
Pole. It set out in 1937 and returned in 1938. It was not our purpose just to reach the
North Pole because this had already been done. The idea was to spend a period of time
in the vicinity of the pole to carry out meteorological,,, geophysical, hydrological and
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other scientific observations. A group of four persons was chosen, and I. Papanin was
designated the leader. Four aircraft ferried us and our equipment to the region of the
North Pole. In those days it was a great achievement, because with nobody on the
ground it was necessary to choose from the air a suitable site for landing large and
heavy aircraft, and taking off again. It was a successful expedition, and our group of
four spent nine months carrying out the scientific observations. During this time our
drifting ice floe travelled a distance of 2500 km from the North Pole to near Iceland.
This expedition made us quite famous, and in fact the Government declared us
national heros.

Making a meteorological observation on
an ice floe near the North Pole in 1937

H. T. - So this heroic expedition on the ice floe was under the leadership of Papanin.
Who were the other two people?

E. K. F.- The two others were P. P. Shirshov, the hydrologist, and E. T. Krenkel, the
radio operator. Sadly they are now both dead.
H. T. - In 1939 you were elected an associate member of the USSR Academy of
Sciences. What does associate member mean? Was this a recognition of a specific service
you had rendered? What was the composition of the Academy of Sciences in those days?

E. K. F. - I was elected an associate member of the USSR Academy of Sciences
because the work I had carried out on the polar ice floe was highly esteemed. Our
Academy of Sciences consists of associate members and members. Associate members
are well-known figures in various scientific disciplines before they achieve the
eminence of full membership of the Academy. As for the structure of the Academy, it
consists of several departments and a vast number of research institutes. That is the
main feature which distinguishes our Academy of Sciences from others all over the
world. In other countries, academies of science are generally a society of scientists, but
our Academy also includes research institutes.
H. T.- From 1939 to 1947 you were serving as the head of the main administration of
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the Hydrometeorological Service of the USSR. Could you tell us what the Hydrometeorological Service was like in those days? This was the time of the Second World War and I
assume that both the Service and you yourself were heavily engaged in war efforts. Could
you comment on this?
E. K. F. - During that period the Hydrometeorological Service did not change very
much. It included meteorological and hydrological stations, meteorological and
hydrometeorological training institutes and also many research institutes. As is the case
today, the Hydrometeorological Service was under the Council of Ministers. At that
time the army, navy and air force had separate hydrological and meteorological
services. When the Second World War broke out, all these services were combined with
the civil Hydrometeorological Service and placed under the Ministry of Defence of the
USSR. Hence all the staff of the combined service (myself included) were in military
service; some were in uniform, some were civilians, but nevertheless we were in
military service. In 1946 the Hydrometeorological Service was reorganized, so there
was once again the Hydrometeorological Service under the Council of Ministers and
the hydrological and meteorological sections of the military services which were
separate entities.

H. T. -

Where were you stationed during the war? Where were your headquarters?

E. K. F. - Our headquarters were in Moscow, but from time to time I visited the front
line to assess the situation and to inspect our advanced support stations.

H. T. - I had an interview with Professor Sutcliffe a couple of weeks ago and, as you will
read in the WMO Bulletin, he was in France and Germany during the war collaborating
with the allies on the western front. Did you have any contact with your western allies
during the war?

E. K. F. - Yes, we did have contacts with our western allies. First of all it was an
exchange of meteorological information, and by the end of the war we even exchanged
scientists; Soviet experts visited the USA and the United Kingdom, and American and
British experts came to us. Just after the war, Dr. F. W. Reichelderfer, chief of the US
Weather Bureau, was my guest in the USSR.

H. T. - Do you think the war helped the advancement of meteorology as a science?
E. K. F.- I think that any war is an obstacle in the way of the development of science,
even if the co-operation among us did help to solve some problems on the road to
progress. Just before the Second World War broke out, our scientists were on the point
of discovering how to modify weather, but the war interrupted further investigations in
this field.
H. T. - From 1947 to 1956 you served first as the chief of a laboratory of the
Geophysical Institute of the Academy of Sciences of the USSR, and then as deputy
director of the same Institute. Why did you leave the Hydrometeorological Service? Was
it a promotion?
E. K. F. - It was not a promotion, it was simply because I was keen to take part in
research investigations. As chief of the Hydrometeorological Service I had no opportunities for this. And at that time the emphasis was on developing certain branches of
geophysics such as weather modification, which was the field I studied.
H. T. - During the period 1956 to 1966 you served as the director of the Institute of
Applied Geophysics which was first established in the Academy of Sciences and is now
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under the State Committee for Hydrometeorology and Control of Natural Environment.
How many such institutes were there in the Academy? What sort of work did you do?
E. K. F.- The Institute of Applied Geophysics was set up in 1956 and I was the first
director. Th€ Institute of Geophysics was another similar research institute of the
Academy of Sciences. There were some 10 different institutes in all. Starting from
fundamental concepts, the main problems we studied were problems of weather
modification: which methods to use for stimulating precipitation, what would be the
side-effects on the atmosphere and the risks of polluting the environment.

H. T. - I understand that you headed the USSR delegation of technical experts to
Geneva for negotiating the prohibition of nuclear tests. You made substantial contributions to the successful completion of the talks, and even signed the corresponding treaty.
I should very much appreciate some details of these important meetings.
E. K. F. - This was, of course, a highly important mission. Many hours would be
needed to go into details, but I will try to be as brief as possible. Scientists had come to
discover the harmful effects of radiation from nuclear tests and the already high level
of radioactive contamination. This caused world-wide public concern and led the
Soviet Government to propose negotiating the prohibition of nuclear tests, both
because the tests were leading to more and more destructive nuclear weapons, and
because of the very high level of radioactive contamination already threatening the
health of the inhabitants of the Earth. Numerous proposals were put forward by my
Government, and even though all these proposals had not been accepted by other
countries, the USSR was the first to cease testing nuclear weapons. In due course the
USA and the United Kingdom agreed to negotiate the prohibition of nuclear tests, but
their primary condition was to have an impartial means of ensuring that the agreement
was adhered to by all sides.

H. T. - So before signing the Treaty a working group was set up to find ways and means
of detecting nuclear explosions?
E. K. F. - Yes. I was designated chief of the experts from four socialist countries who
negotiated with experts from four capitalist countries. We arrived at the conclusion that
it was possible to detect nuclear explosions, and this led to a decision to establish a
special international organization to monitor such activities. The Soviet Union was
anxious to include a provision in the agreement banning nuclear tests, notably in the
atmosphere, outer space, under water, and underground as well. The negotiations were
a success to the extent that a Treaty was signed in Moscow in 1963 prohibiting nuclear
tests in the atmosphere, in outer space and on water surfaces.

H. T. - So although you had reported your conclusions in 1959, tangible results only
came about in 1963. Did all the nuclear powers sign the Treaty?
E. K. F. - The discussions up to 1963 were political, and it was this which took so
long. The Treaty of 1963 was most important because nuclear tests in the atmosphere
were stopped, and so was the further contamination of the environment. But the other
objective, that of preventing the development of nuclear weapons, was not achieved.
Negotiations between the USA, the United Kingdom and the USSR are still in
progress. For my part, I consider it a great honour to have .taken part in the
negotiations, and I am very proud that it was possible to crown them with the Treaty.

H. T. - I can see from your library thatyou have a book by Caron, Jacobson and Stein
entitled Diplomats, Scientists and Politicians which was written after the Moscow Treaty. I
understand that you have written similar books.
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E. K. F. - I have written numerous articles on that subject, and not long ago I finished
a short book which I have called Scientific Aspects of Political Negotiations. It will be
published in Russian next month, and hopefully in English and other languages by the
end of the year.
H. T. - During the period 1959 to 1962, in addition to your duties as director of the
Institute of Applied Geophysics, you were also appointed Senior Scientific Secretary of
the Presidium of the Academy of Sciences. What exactly did this mean?

E. K. F. -The Senior Scientific Secretary is one of the deputies of the President of the
Academy, and he is responsible for the organization of its work and also for international relations.
H.. T. - In 1962 you became Director of the Hydrometeorological Service of the USSR.
What changes did you notice in the Service since you had left it in 1947?
E. K. F.- Many changes and improvements had taken place, but my opinion was that
the Hydrometeorological Service still needed some more refinements. First I concentrated on the automation of observations and methods-of remote-sensing such as radar.
I also gave much attention to developing space-based meteorological observation
platforms.
H. T. - In 1969 you were the head of the USSR delegation in Vienna at the first SovietAmerican talks on peaceful uses of nuclear power. What were the achievements of that
meeting?

E. K. F. - Perhaps I was chosen because of the part I had played in the earlier Treaty
on the prohibition of nuclear tests. However, this was not really my field, and after I
had taken part in one or two meetings, I asked whether I could be released from
further work. On the other hand, I did take part in talks on prohibiting the use of
weather and other environmental modification techniques for military purposes. For
me, these talks between the USSR and the USA were very important. They laid the
foundation for the subsequent adoption of the International Treaty on the Prohibition
of the Uses of Environmental Modification for Military Purposes. I was chosen to
present the case of the Soviet Union to the United Nations General Assembly when we
put forward the draft resoluti'on citing the responsibility of States for preserving the
natural environment for present and future generations. As you know this proposal
was adoptt:d by the majority of countries during the General Assembly. This I consider
to have been my principal diplomatic work.

Geneva, June 1959 - The USSR delegation at a meeting in the Palais des Nations of the
Technical .working Group on the Detection and Identification of Nuclear Explosions at High
Altitude. Academician Fedorov is third from the right
(P/wto: United Nations)
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H. T.- You became the chairman of the Oceanographic Committee of the USSR. What
kind of national or international activities did you have? What role did you play in setting
up the Intergovernmental Oceanographic Commission?
E. K. F.- Although I took part in setting up the IOC and, incidentally, also COSPAR,
in each case I only took part in the first meetings of these committees. Once their terms
of reference and procedures had been formulated I left matters in the hands of the
designated experts on the committee. ·

H. T.- You have been the founder of numerous institutes in your country dealing with
various geophysical problems. The list includes three regional hydrometeorological
research centres in Tashkent, Novosibirsk and Khabarovsk. I would appreciate hearing
from you about the problems tackled by these institutes, the number of technical and
scientific staff in each, and, in particular, the parent organizations.

E. K. F. - The Institute of Applied Geophysics indeed gave birth to a number of
research institutes such as the Institute of Experimental Meteorology in Obninsk and
the High Mountain Institute in Nal'chik. There was one or two more. As regards
Tashkent, Novosibirsk and Khabarovsk, these are Regional Meteorological Centres set
up in accordance with the decisions of WMO as part of the World Weather Watch.
Their functions are in complete accordance with WWW system requirements. The
Tashkent centre has a long history. Meteorological observations began there in 1871.
These were carried out in conjunction with other geophysical and astronomical observations. In later years astronomy became independent and the magnetic, meteorological and hydrometeorological activities developed rapidly. From the Tashkent
Geophysical Observatory grew the Central Asian Hydrometeorological Research
Institute. Many well-known scientists and scientific leaders have worked at the
Institute. You must have met the late Academician V. A. Bugaev who was particularly
active in international circles, especially in connexion with the World Weather Watch.
The most important scientific advances made by the centre recently are the elaboration
and introduction into operational use of synoptic and statistical methods of predicting
heavy rainfall, forecasting air temperature and precipitation for up to five days ahead
over different regions of Central Asia, and introducing up-to-date methods for the
hydrodynamical short-range prediction of geopotential height fields over the zone of
responsibility of the Tashkent RMC. Much emphasis in research is currently being
given to studies of avalanches in the mountains of Central Asia ·and means of
predicting them. Automated methods of computing daily runoff values have also been
developed. Investigations into the hail-formation processes and their modification by
artificial means have led to the creation of a specialized hail suppression service and
work is in progress to study the potential of the clouds for precipitation enhancement
purposes. The photometric method of remotely assessing the yield of agricultural crops
from satellites and aircraft is applied in Central Asia as well as in a number of other
parts of the USSR. Mathematical modelling of hydrometeorological processes and
research into human biometeorology are another two fields in which the centre
specializes. The number of scientists and scientific workers at present working in the
Institute is about 460, but to this should be added some 3000 other persons manning
various networks.' The RMC currently has six computers made in the USSR. A new
more powerful computer is planned to come into use in 1982 or 1983. Tashkent is also
a WWW Regional Telecommunication Hub. The collection of synoptic and upper-air
information from communications channels for the. purposes of operational
forecasting is completely automated, as is the routine processing of meteorological and
hydrological information over Central Asia.
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H. T. work?

The Institute in Novosibirsk -

is that not where Professor Marchuk used to

E. K. F. - Professor Marchuk was indeed at Novosibirsk, but he worked for the
Siberian Branch of the Academy of Sciences, of which he was president. As a scientist,
he was particularly interested in long-range forecasting. He taught several specialists in
this field, and they are now working at the Novosibirsk RMC. So he contributed much
to the Novosibirsk Institute and the Hydrometeorological Service as a whole.
H. T. - From 1962 to 1974 when you were the Director of the Hydrometeorological
Service and Permanent Representative of the USSR with WMO, you were a member of
the Executive Committee, and for eight years Second Vice-President of the Organization.
In your opinion, which were the really important achievements of WMO during this
period?

E. K. F. - I recall with great pleasure my work as a Vice-President of the World
Meteorological Organization. WMO is a thoroughly worthwhile organization, serving a
most useful purpose to all its Members. The modest size of its budget bears no relation
to the importance of its functions. As far as recent developments are concerned, to my
mind the greatest is the World Weather Watch Programme and the setting up and coordinating of scientific investigations and experiments of various kinds within the
framework of the Global Atmospheric Research Programme. My view is that for its
future activities the scope of WMO should be broadened to make it more a World
Geophysical Organization. I am convinced.that phenomena in outer space and in the
oceans should be studied in conjunction with those in the atmosphere. An exchange of
information on these phenomena would have just as much value as the exchange of
meteorological data, and should be within the framework of the World Meteorological
Organization.
H. T.- You mentioned the Global Atmospheric Research Programme. You were elected
as a member of the WMOfiCSU Joint Organizing Committee for GARP after the death
of Academician Bugaev in 1974. In retrospect, what do you think of WMO's and ICSU's
collaboration in launching GARP.

E. K. F.- The collaboration was good. However, as you may know, my opinion is
that the principal role in this committee should have been played by WMO. The ICSU
representatives should have acted as scientific advisers. After all, WMO represents the
directors of Meteorological Services, which supplied virtually all the resources involved
in the various experiments.
H. T. - Can you estimate the expenditure on the USSR's contribution to GATE and
FGGE?
E. K. F. - It is rather difficult to give a cash figure because in many cases some
facilities, such as ships, were performing other functions as well. Probably the most
expensive item was the operation of our ships in all the oceans and in the Arctic and
Antarctic.

H. T. - You were one of the key speakers at the World Climate Conference. In your
opinion .did it achieve its pur~se?
E. K. F.- I greatly enjoyed the World Climate Conference, and it certainly succeeded
in arousing the interest of many countries. It is difficult to say the extent to which the
Conference got its message across; I cannot be sure even as far as my own country is
concerned.
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H. T. - Can you tell me what is being done in the USSR in response to the 'Appeal to
nations' in the Declaration adopted by the Conference.

E. K. F. -Our Government is concerned about possible climatic variability, and is
helping the Hydrometeorological Service to push forward investigations in this field.
As you know, the Government is also doing everything possible to promote international collaboration in this respect.
H. T. - Do you think that climate and climatic variations will one day become a major
political issue?

E. K. F. - I believe that this is already a major political issue. It is clear that human
activities can lead to climatic changes which may be either favourable or unfavourable.
Society can only prepare for such eventualities if there are good international relations
and genuine co-operation among nations. This is a global problem which cannot be
solved by one nation alone. A similar challenge is to ensure that famine is eradicated
from the world. Only through the joint efforts of all nations in close collaboration can
we hope to solve these problems.
H. T.- Would you like to express an opinion on the future trend of the global climate?
Are you optimistic or pessimistic about the consequences of the human race?
E. K. F. - In common with the majority of scientists, I am not prepared to predict
what will be the net trend of the future climate. However, there will certainly be
variations due both to natural and anthropogenic causes. In some regions of the globe
they may improve the situation, in others they will have harmful effects. It seems to me
the most important question is whether the human race will be able to control these
changes; whether there will be sufficient mutual co-operation between nations to face
up to these changes, and to impose strict control on those human activities which give
rise to the changes. If vigorous action is taken now, society can palliate future effects
and adapt to certain changes in the climate. The World Climate Conference was
unanimous in believing that in the future the human race will be able to modify the
climate. That leads to the question of what is an optimum climate; in which direction
an existing climate should be modified. This is a problem of primordial importance
and one which requires a universal consensus based on consideration of all eventualities. A display of military strength in this context is unthinkable.

H. T.- Are you convinced of the effectiveness of local weather modification?

E. K. F.- It is no longer a question of belief, but an established fact that we can often
modify the weather to our advantage. I am thinking in particular of hail suppression
and precipitation stimulation in our country. I think that this is one of the fields of
applied meteorology which will develop in the future. Already a number of research
institutes in the USSR are occupied with problems connected with artificial methods of
increasing precipitation and preventing hail, and with other questions on weather
modification.
H. T. - I understand that you are a member of the Presidium of the Supreme Soviet of
the USSR. What does this imply?

E. K. F. - The Supreme Soviet of the USSR is the highest state authority body in the
country. It is empowered to deal with all matters within the jurisdiction of the USSR as
defined by the Constitution. For example, the adoption and amendment of the Constitution of the USSR, the admission of new republics to the USSR, the endorsement of
new autonomous republics and autonomous provinces, the approval of state plans for
economic and social development, all these are the exclusive prerogative of the
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Supreme Soviet. National laws are enacted either by the Supreme Soviet or by a
nationwide referendum held at the decision of the Supreme Soviet.
H. T.- What is the structure of the Supreme Soviet of the USSR?

E. K. F. - It consists of two chambers: the Soviet of the Union and the Soviet of
Nationalities. The two chambers have equal rights and an equal number of deputies.
Members of the first chamber are elected by constituencies with equivalent
populations. Members of the second chamber are elected on the basis of 32 deputies
from each socialist republic, 11 deputies for each autonomous republic, five deputies
from each autonomous province and one deputy from each autonomous district. Each
chamber elects a chairman and four vice-chairmen. Joint sittings of the chambers are
presided over alternately by each of the two chairmen. Sessions of the Supreme Soviet

On a scientific expedition to Mount
Elbrus (Caucasus) in 1951

are convened twice a year, but it is possible to convene special sessions. An act of the
USSR becomes law when it has been passed in each chamber by a majority of the total
number of deputies. A great deal of work is done by commissions which exist within
both chambers. There are 32 of them, including that for environmental problems.
These commissions perform very strict control of the work of ministries and other
governmental bodies in their fields of responsibility.
H. T. -

What is the Presidium of the Supreme Soviet?

E. K. F. - The Supreme Soviet of the USSR, at a joint sitting of its chambers, elects a
Presidium which is a standing committee to exercise the functions of the highest state
authority between sessions, subject to limits prescribed by the Constitution. The
Presidium is elected from among the deputies and consists of a chairman, a first vicechairman, 15 other vice-chairmen (one from each socialist republic), a secretary and
21 members. I am one of the members.
H. T. -

Can you mention some of the duties of the Presidium?

E. K. F. - The authority of the Presidium covers practically all social and political
activities. As an example, it can decide on such matters as the dates for elections, it can
convene sessions of the Supreme Soviet, co-ordinate the work of standing
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commissions, ensure observance of the Constitution of the USSR and interpret its laws,
ratify and abrogate international treaties of the USSR, revoke decisions and ordinances
of the Council of Ministers of the USSR, institute military and diplomatic ranks and
special titles, make the highest military diplomatic appointments, institute orders and
medals of the USSR, grant citizenship and rule on matters concerning the renunciation
or deprivation of citizenship. It could also proclaim a state of war in the event of an
armed attack on the USSR.
How does one become a deputy in the Supreme Soviet?

H. T. -

E. K. F.- Upon reaching the age of 18, all citizens of the USSR, irrespective of race,
nationality or domicile, have the right to vote in the election of deputies to the Supreme
Soviet of the USSR as well as to the other soviets. Every citizen of the USSR over
21 years of age is eligible for election, the Constitution does not stipulate any other
qualifications. There is no restriction on the number of candidates, and during the preelection campaign two candidates are quite often nominated in several constituencies.
However, on the voting slip which the voter receives, the name of only one candidate
from each constituency appears. This is understandable since in the USSR there is only
one party and it, too, nominates one candidate in each constituency. But not all
candidates and deputies are party members. For example, 'in the ninth convocation
72 per cent of the deputies were members of the Communist Party and 28 per cent were
non-members.

I understand that Professor Izrael is also a deputy of the Supreme Soviet.

H. T. -

E. K. F. - That is right. I should perhaps add that a member of the Presidium cannot
hold a Government post. This means that while Professor Izrael is the head of the State
Committee for Hydrometeorology and Control of the Natural Environment, he cannot
be a member of the Presidium.

H. T. - I am told that you are also the president of the Soviet Peace Committee. What
does this committee do?
E. K. F.- This is a public organization completely independent of the Government. It
has a budget of its own financed entirely from voluntary subscriptions by USSR
citizens. It has an office and a staff of about 40. I was previously vice-president of this
Committee and now I am president for a period of five years. The main objective of
the Committee is to promote peace among the nations of the world. We visit and
establish contact with counterpart organizations and many other peace-loving groups
in other countries. Recently, for example, a group of members of the Soviet Peace
Committee including myself were invited to the USA by the Quakers, and one of the
places we visited was Denver. There we received an invitation from Dr. R. M. White,
President of UCAR, to visit Boulder. Needless to say, I was very pleased to meet my
good friend and former Executive Committee colleague once again.

H. T.- You have received many national and international awards, but what were your
feelings wh~n you heard that you had been awarded the IMO Prize?
E. K. F. - I do have some of the highest national awards but I was also very proud
and happy that my colleagues considered me worthy of the IMO Prize.

H. T. -

What is the most unforgettable memory of your professional life?

E. K. F. -
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There are lots of them. For me, the most difficult moment was just at the

beginning of the Second World War, because in spite of the fact that most of us
realized that a world war could break out, we found it hard to believe when it actually
happened. Conversely, the most happy moment of my life was the end of the war,
9 May 1945. I was in Potsdam at that time and I helped to put some order in the
remnants of the former Reichswetterdienst. My chief concern was to provide food to
German scientists.
H. T -

If you had to give advice to a young scientist, what would it be?

E. K. F. - Above all I would advise the rising generation of scientists to work in the
field which interests them most, not that which may bring the highest pecuniary
reward. Do not strive for prestige but rather seek to satisfy your own inner aspirations.
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Mr. J.

Bessemoulin

At the foot of the Pyrenees, some fifteen kilometres as the crow flies from the Spanish
border, there is a village called Montastruc de Salies. Through this village flows the River
Arbas which has its source up in the mountains and discharges into a tributary of the
River Garonne. It is quite a short river, not more than 20 kilometres, but varies very much
in volume, being high during the spring snowmelt period. Maize and wheat used to be
grown in the region, and for this reason water-mills were built along the river, one or two
kilometres apart. However, as intensive and efficient methods of growing these crops
developed in the plains during the past century, the farmers up there abandoned
agriculture and changed to the more profitable activity of stockbreeding. There being no
more grain to grind, many of the water-mills were turned into sawmills. Today, even the

Mr. J. Bessemoulin

sawmills are disappearing. One of the few remaining ones in the valley was called the
Moulin de Besse (moulin means mill) but unfortunately it was burnt down. Some twelve
years ago Mr. and Mrs. Bessemoulin heard about the existence of the shell of another
water-mill in the neighbourhood. They visited the site, were enchanted by the surroundings
and the crystal dear water, and decided to buy it. There were of course several specific
reasons which prompted the Bessemoulins to take this decision. To begin with, Mrs.
Bessemoulin is a native of Toulouse, the nearby city known for its good food, and in
particular its foie gras. Furthermore, Mr. Bessemoulin is a fisherman and has done a lot
of mountaineering, and it would be hard to find a place which offered better possibilities
for these pastimes.
The house is in two united parts, the old mill itself and the adjoining outbuildings.
Altogether there are some ten to twelve rooms. The living room with its thick stone walls
has an area of about 80 m 2 with a huge fireplace in the middle, around which steps lead up
to the first floor where the bedrooms are located. The river which used to turn the
millwheel runs under the living room, and the sound of the flowing water is very soothing.
Of course the house is fully modernized and has come to be known locally as Chateau
Bessemoulin. In their 4000 m2 of land, the Bessemoulins have a kitchen garden where they
grow vegetables for their own use. There is a well-equipped workshop where
Mr. Bessemoulin can make diverse objects, including pieces of furniture. The Editor was
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particularly interested to see that facsimile equipment had been installed for providing
meteorological analyses and forecast maps, and that instruments were exposed outside for
taking meteorological observations. Asked if many of their friends visited the house,
Mr. Bessemoulin replied that they would like to see more of them. Most people find it a
long way to travel from Paris.
Jean Bessemoulin was born in I913 at Garches, he attended university in Paris where
he obtained a degree in geophysics, covering the subjects of mathematics and physics, with
specialization in astronomy. In I933 he worked at the Observatory in Meudon. He was
attracted to the study of the relationship between sunspots and terrestrial magnetism and
sun-Earth relationships in general. In I934 Bessemoulin was called up for military service.
After taking a six-month training course in meteorology and passing an examination, he
remained a meteorologist throughout his military service. Then a further three months
training enabled him to go to Paris to work as chief of the plotting team for Mr. Andre
Viaut, who at that time was head of the forecasting division. This, plus the fact that in
I935 there was an economic crisis in Europe, led Bessemoulin to put aside his interest in
astronomy and to continue to build a career in meteorology. He soon developed an interest
in fluid dynamics and fluid mechanics. In July I936, he was sent to the National Gliding
Centre in the Massif Central to work as an aerologist, and while he was there he learnt to
fly gliders. In I937 he took charge of the meteorological station at Nancy, and at the
outbreak of war in I939 he was called up and became head of the Army's Meteorological
Station No. 3, still in the region of Nancy. Following the occupation of Paris by the
Germans, Bessemoulin moved first to Lyons, then to near Perpignan, and finally to the
Toulouse region. In October I940 he opened a new regional meteorological station near
Clermont-Ferrand and at the beginning of I942 he was ordered to Marseilles as regional
director. At the end of that year the Germans invaded southern France, and Bessemoulin
was sent back to Paris under the order of the Germans to work as assistant to Professor
Mezin (who for a long time was president of the former !MO and WMO Commission for
Bibliography and Publications).
While in Marseilles, Bessemoulin had established contacts with the French
Resistance, and continued these activities in Paris. He was designated assistant to one of
the main leaders of the Resistance who was later killed. After the liberation of Paris,
Bessemoulin was asked to assist Viaut and other colleagues in setting up the French
National Meteorological Service again. In due course he was appointed chief of
forecasting services, a position he held for more than I5 years. From I961 to I964
Bessemoulin served as Deputy Director of La Meteorologie nationale, and in I964 he
succeeded Viaut as the Director. He retired in December I976.
Bessemoulin was involved in numerous WMO activities. As well as participating in
sessions of the Organizations constituent bodies, he was chairman or member of various
working groups. He was a member of the Executive Committee for 13 years, and Second
Vice-President of WMO from I97I to 1975.
Bessemoulin is the author of a great number of scientific and technical papers. One of
his early works is a book entitled Manuel de meteorologie du vol a voile which he wrote
in collaboration with Andre Viaut. He received the following awards and distinctions:
Officier de la Legion d'honneur; Croix de guerre 1939-1945 avec pa1mes; Medaille de
la Resistance avec rosette; Medaille de I' Aeronautique ( 1955); Chevalier des Palmes
academiques (1958); Medaille d'honneur de l'Aeronautique (1970); Commandeur de la
Legion d'honneur.
This interview took place on 13 and 14 July 198.1. We are very gratiful to
Mr. Bessemoulin for having agreed to collaborate in this series. The Editor also greatly
appreciated the warm hospitality extended to him during his two-day visit to Chateau
Bessemoulin.
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H. T. - Mr. Bessemoulin, perhaps you would start by saying a few words about your
parents and events of your childhood.
J. B. - Both my parents came from the region of Bourges (central France) and both
were from farming families. My father was one of 12 children, and so had to leave the
farm to find a job in Paris. I was born on 18 March 1913 at Garches, on the western
outskirts of Paris. My parents were both hospital workers there. When the First World
War broke out I was sent to my grandparents on the farm, and stayed there for five
years. Then I was reunited with my parents in Garches, and attended the local primary
school. In those days, parents had to pay for further education and this would have
been an impossible burden for mine. So it was fortunate that I succeeded in getting a
scholarship which permitted me to go on to the /ycee (high school) at Versailles, and
subsequently to university in Paris. I studied mathematics and general physics, and
·obtained a diploma for advanced studies in astronomy and a degree in geophysics. The
course did not comprise very much meteorology, but I became interested in the flows
of fluids, especially that of air and water around the Earth.

H. T. -

What was the French university system like in those days?

J. B. - The universities provided advanced academic education, but did not focus on
the career which a student would subsequently embark upon. Of course there were far
fewer university students then, and the problem of a career was nothing like as acute as
it is today. The majority of graduates themselves became teachers. Nowadays,
universities prepare students in a far more practical way for an active career in their
chosen field.
H. T. -

Your initial choice was astronomy. How did you start in this field?

J. B. I was taken on as a trainee astronomer at Meudon Observatory which has
always been well known for its studies of the sun, although we did other work as well. I
became assistant to the director of the observatory, Mr. Azambuja, and helped him in
taking daily monochromatic photographs of the sun and doing other work on sunspots
and faculae. This led me to want to investigate relationships between sunspots and
terrestrial magnetism, and so I rebuilt the large magnetometer at Meudon to detect
magnetic disturbances and anomalies.

H. T. -

What was it that led you to turn from astronomy to meteorology?

J. B. - Mter a year at Meudon, the time had come for me to do my military service. I
found out that I could apply for the military meteorological service; I would have to
attend evening classes given by meteorologists, and if I passed an examination after the
first six months I should probably be able to remain in meteorology throughout my
period of national service. And that is what happened. I followed an intensive course
on codes, plotting and taking down meteorological messages by radio in Morse code.
Then I was sent to Paris to work with Andre Viaut, who was head of the forecasting
division and I spent the rest of my military service there. In 1935, when I came to be
demobilized, the severe economic recession then prevailing made me realize that there
was almost certainly a better future in meteorology than in astronomy, and anyway I
had come to enjoy the work. It happened that two posts were advertised just then in the
Meteorological Service. Selection was by competition, and although there were many
other candidates I was offered one of the posts. The other successful candidate was
J.-R. Rivet who, as you know, was later to serve as Deputy Secretary-General of WMO
from 1952 until 1970.
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H. T. - What were the possibilities of studying meteorology in the universities or in the
National Meteorological Service?
J. B. - As I said a moment ago, the university course in geophysics did include
meteorology, but only the bare bones. In fact the only real course was at the Ecole
nationale de la Meteorologie, the meteorological training college run by the French
Meteorological Service. Here instruction was by professional meteorologists and
specialists actually practising in their respective domains. Staff were recruited to the
Meteorological Service at three levels: meteorological technicians (chart plotters, telecommunication handlers or assistant observers), meteorologists (senior observers,
aviation forecasters or climatologists-who needed to have successfully completed
their secondary education with perhaps one year at a university), and principal
meteorologists (forecasters at headquarters, chiefs of regional centres-who had
university degrees). All had to pass a competitive entrance examination. When Rivet
and I were recruited as principal meteorologists, we followed a one-year course at the
training college. In those days there must have been about 20 principal meteorologists
in the Service. Nowadays newly-appointed graduates study for three years, which
seems a little excessive to me. Two years are devoted to theoretical meteorology and
one to practical work. Of course, I must admit that in my day the fields of computer
programming, electronic data processing and the like did not exist.
H. T. -

Are there any university chairs of meteorology in France today?

J. B. - The most advanced teaching of meteorology is still provided by the Meteorological Service's training college, but there are chairs of meteorology at the universities
of Lyons, Paris, Clermont-Ferrand and Toulouse. At Lyons I believe the course is to
some extent restricted to the geographical aspects--climatology and large-scale
meteorology. At Marseilles there is not a chair of meteorology as such, but they are
strong in fluid mechanics, turbulence especially.

H. T. - So you would have emerged from the training college in 1936. Where were you
sent to then?
J. B. - I was sent to the National Gliding Centre at the Banne d'Ordanche at an
altitude of 1500 m on the north-western fringe of the Massif Central. From the]"(! we
could see the Puy de Dome about 25 km to the north-east. I arrived with very little
knowledge about the upper air. Each day an aircraft took off from the airfield at
Clermont-Ferrand and made soundings as it ascended to the level of the summit of the
Puy de Dome. Then it flew at constant altitude to the Banne d'Ordanche, and all along
the route there were a number of small meteorological stations which made observations as the aircraft passed over. At the Banne d'Ordanche the aircraft performed
another vertical sounding. The recordings were thrown out to us in a metal cylinder
before the aircraft returned to Clermont-Ferrand. We also tried using kites to obtain
some upper-air information, but because of the turbulence this method was not often
successful. Later we placed a small Jaumotte meteorograph attached to a parachute in
the nose of a rocket which was fired to a height of 1500 m (i.e. 3000 m above sea-level).
The meteorograph provided a continuous record of pressure and temperature-and
was followed during its descent by two theodolites on a baseline of I I 00 m. This
permitted its altitude at a given moment to be calculated accurately, and also indicated
where to look for it when it reached the ground. With the data we could glean from
these various sources, we continued to draw daily horizontal and vertical cross-sections
of the atmosphere. This helped us greatly in understanding atmospheric instability and
what are nowadays known as boundary-layer processes, and we did manage to make
some useful forecasts for glider pilots.
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H. T -

I believe you yourself became a glider pilot?

J. B. Most of the glider pilots had already learnt to fly aeroplanes, but I had never
had the opportunity. So for me the very first time in the air was solo in a sailplane,
because there were no two-seater gliders. It was quite an experience. So I learnt alone,
by making flights of increasing duration and range. When I first arrived I had
questioned the experienced glider pilots closely, and gradually came to understand
how the sailplane could remain in the air for hours on end using only the air currents.
Of course, I was not the only meteorologist there. There was Baldit, who was well
known for his work on airflow at the Earth's surface; there was Guiraud, and Gilbert.
There was Eyraud, who was a licensed pilot of aeroplanes and gliders, and he flew the
Meteorological Service's motorglider which was very useful to us in our investigations.

'Chateau Bessemou/in' near the foot of the Pyrenees where the interview took place
(Photo: H. Taba)

H. T -

Did you stay up at Banne d'Ordanche all winter?

J. B. No. The centre closed in October as the first falls of snow occurred, and I was
sent back to Paris where I had to write a report on the meteorological conditions at the
Banne d'Ordanche during the 1936 season. That took me up to the end of the year, and
at the beginning of 1937 I was sent to take charge of the regional meteorological centre
at Nancy. As you know, France is roughly in the form of a hexagon, and was divided
into six meteorological regions. Nancy was responsible for the north-eastern region. In
general there were forecasters only at the national centre in Paris and at the regional
centres. There were small meteorological stations in the region, mostly on airfields, and
aeronautical forecasts had to be obtained by telephone from the regional centre. When
I started at Nancy I was capable of doing the work of any member of the
staff-observer, forecaster, chart-plotter, radio operator, and so on. This would be
impossible these days since each field has become so specialized and highly
developed.

H. T -

So you relied on radio for receiving your meteorological data?

J. B. - To start with, yes. But during 1937 we received a teleprinter which was a great
help, and also a small facsimile receiver which provided us with charts drawn up at
Paris. Once or twice per day there was a chart covering the Atlantic, because the
French Meteorological Service maintained a weather ship, and one of its tasks was to
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collect observations by radio from merchant ships and to retransmit these in the form
of bulletins. You can imagine how enormously helpful it was to have these analyses
over the Atlantic, however sketchy they may have been.
H. T. -

I understand that you remained at Nancy even after the outbreak of war?

That is so. I was drafted into the army and given charge of its Meteorological
Station No. 3 which was at Nancy. But whereas in peace-time the staff had numbered
about 25, a few weeks later we had become 120 because we had greatly increased
responsibilities in providing meteorological information for all the new military
airfields being opened up -in the region, and for artillery and other units near the
frontier with Germany. Moreover, we now formed a self-contained unit, with our own
cooks, quartermaster, paymaster and so on. We stayed at Nancy even after the
Germans had overrun the Netherlands and Belgium and entered Paris on 14 June
1940, but then we moved down to Lyons. This was the first of several successive moves
with the original intention of crossing the Mediterranean to North Africa. However,
that plan did not materialize, and the unit was demobilized near Toulouse. I was
ordered to go to set up a new regional meteorological centre at Clermont-Ferrand in
October 1940 (the south of France was still unoccupied by the Germans and the
regional meteorological centres at Lyons, Marseilles and Toulouse still existed).
Because of all the refugees it was difficult to find premises there, but eventually I
succeeded and we installed ourselves and effectively re-created there the pre-war centre
at Nancy with the original equipment and civilian staff.
J. B. -

H. T. -

Were you able to remain for long in Clermont-Ferrand?

J. B. - I was there for rather more than a year. I was married in November 1941 in a
small town called Chamaliere, near Clermont-Ferrand. Later this town had as its mayor
the future President of the Republic, Mr. Valery Giscard d'Estaing. Then six weeks
later I was asked to go to take over the job of regional director at Marseilles
(Marignane airport) from Andre Perlat who had been sent to take charge of the
Meteorological Service in Tunisia. At that time Marignane was very busy, since aircraft
(and this includes flying boats) going to North Africa or Corsica all left from there. The
Germans too used the airfield for flights to Spain. Also there was still the famous
Aeropostale, the regular night-time airmail flights to the North African coast and
beyond started by Jean Mermoz. Whilst I was in Marseilles I followed a university
course on fluid mechanics. At the end of 1942 the Germans occupied the south of
France, and I was sent back to Paris to work at the central office of the Meteorological
Service, and so I could not take the final examination. We were then of course under
the orders of the Vichy Government, which was manipulated by the Germans. I was
designated assistant chief of the Scientific Service; the chief was Maurice Mezin who
had been our instructor at the meteorological training college. We had little work to do,
and in any case no motivation to work for the Germans. I was able to do quite a lot of
work on my own in the field of statistics and astronomy which was very useful to
me.

H. T. - Among your awards is the medaille de la Resistance avec rosette. How much can
you tell us about your activities in the French Resistance?
It is a period one does not like to talk about very much. Whilst I was in
Marseilles I made contact with the Resistance, and on my return to Paris I became
assistant to one of the principal leaders of the movement. Unfortunately this man was
killed by a burst of machine-gun fire by the Gestapo at the end of 1943. However, we
maintained our activities right up to the liberation of Paris on 25 August 1944.
J. B. -
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H. T. - After the liberation you were appointed assistant chief of the Technical Service.
What did your work consist of then?
J. B. - General de Gaulle was anxious that the French Meteorological Service should
be reanimated as quickly as possible so as to be able to support the Allies as they
continued their advance. Andre Viaut had been appointed director and I was his
assistant, and our task was therefore to re-establish the Service. Now we were highly
motivated once again, and we worked extremely hard, setting up new regional centres
and stations and rehabilitating old ones, providing refresher courses for staff, forming
new forecasters, reorganizing the telecommunications system, and so on. Viaut and I
went several times to London for reasons of co-ordination with the Allies' meteorological services, and I had the opportunity of visiting the Central Forecasting Office of
the United Kingdom Meteorological Office which was tucked away in the hills of
southern England at Dunstable. I made the acquaintance of many British and some
American meteorologists who later visited us in Paris. Because of the new status of
meteorology, principal meteorologists were given the title Jngenieur en chef de la
Meteorologie at the end of 1945. Within La Meteorologie nationale, there were two
major departments; one was for France and its dependencies in North Africa-Le
Service meteorologique de la Metropole et d'Afrique du nord (SMMA), and the other for
the Meteorological Services of all the French dominions overseas. Since our specific
task had been virtually completed by the end of 1945, and since I felt I was still too
young to confine myself to organizational and administrative tasks, I asked Viaut
whether I could not do something more on the scientific side. He agreed, and put me in
charge of the SMMA Forecasting Division, a post which I held for many years.

H. T. - These would be years when the tools and techniques of meteorology started to
undergo rapid developments. How was this manifested in your particular sphere?
J. B. - We already had quite a large number of observations from the North Atlantic,
including radiosonde ascents from weather ships and meteorological reconnaissance
flights on most days. It was at last possible to make quite detailed analyses over the
ocean which was of enormous help to us in the forecasting office. It was the technological progress in data acquisition and better training of forecasters rather than
advances in the science of meteorology which permitted us to improve our forecasting
service. When we first heard about experiments in the USA using computers to
simulate atmospheric processes numerically, I had long discussions on this subject with
my deputy, Robert Pone. Pone was very keen to start work on this in France, and so I
put the case to Andre Viaut who was soon convinced of the potential benefit to the
Service of embarking on numerical weather analysis and prediction systems. He
obtained funds to construct a huge computer-it contained 30 000 valves-which, as
you can imagine, was plagued by innumerable bugs and breakdowns in the early days.
However we trained a team of our own technicians who could attend to maintenance
and carry out minor repairs. They became remarkably adept at spotting the source of
trouble. In this way we managed to run a barotropic model with quite good results. But
then we came up against the problem of interpreting the 500-hPa patterns; forecasters
were simply not accustomed to these, and did not know what to infer from them.
Although we contrived to produce synoptic upper-air charts for delineating air mass
boundaries, it was only when we acquired a more sophisticated computer and ran
multi-level models that we really felt we were progressing. In due course, after investing
in two more smaller computers, we had mechanized the greater part of the datahandling process from observation to archival.

H. T. - Whilst you remained chief of the Forecasting Division, I see that in 1956 you
became Deputy Director of the SMMA.
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J. B. - Being made Deputy Director of the SMMA inevitably meant that I had to
devote part of my time to administrative matters, but there was still plenty to do in the
Forecasting Division. At that time we began to develop and ramify our services for the
users of weather forecasts, arid to decentralize the forecasting· function. A client
generally had much more confidence in a forecast given by someone local, and a very
valuable forecaster-user interaction is possible. Five years later, as Viaut was
approaching retirement age and wanted me to take over from him, he asked me to be
Deputy Director of La Meteorologie nationale so as to familiarize myself with the
duties. Of course I had already had some experience of this kind of administrative
work, but during the intervening years practices had changed and the number of staff
had greatly increased. Thus it was that I left the SMMA in 1961 and subsequently
succeeded Viaut as Director of La Meteorologie nationa/e in 1964. I had worked in
close collaboration with him for 30 years.

Mr. and Mrs. Bessemoulin
in conversation with the
President of WMO,
Dr. A. Nyberg, at a
reception during the Fifth
World Meteorological
Congress in 1967

H. T. - When you became Director of the French Meteorological Service, the war had
been over for almost 20 years. What had been the main changes during that post-war
period?
J. B. - There had been changes in all fields of meteorology. In instrumentation we
now had the meteorological radar, so important for local forecasting. The electronic
computers opened up a whole new world in the realm of forecasting. Then there were
the satellites which gave a quasi-global, quasi-synoptic view of weather systems and
also provided a valuable supplementary means of telecommunication. Actually, we
had been a little afraid that the satellite photographs might bring about a need to revise
our current theories about synoptic meteorology, but in fact they only confirmed the
postulations of the Bergen school of meteorologists and the French concepts of 'cloud
systems'. It is true to say also that the World Meteorological Organization had already
done much useful work in co-ordinating the observational systems throughout the
world.

H. T. - You have participated in many WMO activities; you were chairman of several
working groups, vice-president of Regional Association VI, member of the Executive
Committee for some 13 years and Second Vice-President of the Organization from 1971
to 1975. Now that you have been able to stand back for five years, how do you view the
effectiveness of WMO?
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J. B. - I think I already said that Andre Viaut made me take part in international
meetings at a very early stage. We were always convinced that since weather systems
observe no national frontiers, international co-operation was absolutely essential in
getting to understand atmospheric processes. When WMO succeeded the IMO, we
were very pleased to see the Secretariat being built up in a sound manner so as to serve
the diverse activities of Meteorological Services. The IMO had been more a sort of
academic forum for the directors, and was not strong enough to have a real impact on
the Services. For one thing, subjects for discussion in IMO were not always prepared
sufficiently, and this resulted in a lot of time being wasted. Nowadays WMO presents a
thorough analysis of topics to be discussed, and delegates can confer beforehand with
colleagues in their Service and usually arrive with a clear-cut position. This shortens the
time needed for discussion and generally makes it easier to reach a consensus.

Mr. Bessemoulin was
chairman of the Committee
on Technical Questions set
up at Fifth Congress. On his
right are Dr. K. Langlo and
Dr. G. G. Tarakanov of the
WMO Secretariat

H. T. - What do you regard as having been WMO's principal achievements during your
association with the Organization?
J. B. - For me, the crowning achievement was the launching of the World Weather
Watch which has so effectively co-ordinated Members' operational activities as to have
produced something approaching a global weather service. Then, of course, the Global
Atmospheric Research Programme with its Global Weather Experiment and various
regional experiments has contributed a vast amount of material to push back the
frontiers of our perception of atmospheric processes, and, incidentally, provided
valuable guidance in further improving World Weather Watch systems. Education and
training is highly important, especially for Meteorological Services of developing
countries, and away back in the early days of WMO I had the pleasure of taking part
in working groups which established syllabuses for training the different levels of
meteorologists. This was extremely difficult because different countries had different
standards, and our recommendations I believe had a fundamental importance in
setting out universally comparable classes of meteorologist. As regards the incorporation of hydrology as an entity in WMO's activities, I have to confess that I was not
at first in favour. Meteorological Services have to concern themselves with the moisture
budget of the atmosphere, and, ipso facto, with precipitation and evaporation, and I did
not see the need for WMO to absorb other fields of human activity just because they
had some connexion with meteorology. However, I was made a member of a working
group under the chairmanship of Dr. Alf Nyberg, then President of the Organization,
to study the question of extending WMO to cover hydrology, and in the light of the
discussions I came to agree with the majority. In fact, I do not believe any profound
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changes have resulted in the relationship between meteorology and hydrology in
France, but there has been an expansion of hydrometeorological activities in La
Meteorologie nationale so that on the whole the net result is positive.

H. T. - You have made a number of scientific and technical contributions to
meteorology. One which attracted considerable attention was the work you did with Robert
Pone on determining the transatlantic air routes which would permit the fastest crossing.
What exactly did this work involve?
J. B. - Once we had the means to draw up reasonably accurate charts of the upperair circulation over the North Atlantic and predict its evolution, it occurred to me that
we might attempt to determine the route which would be the most favourable for air
crossings as used to be done in the days of sailing ships. You will remember that the
east-to-west passage was far down towards the Equator and the west-to-east passage
further north in order to benefit from the prevailing winds around the Azores
anticyclone. In each case the crossing was quicker even though the number of
kilometres covered was substantially greater. Of course we had no computers at the
time I am speaking about. To illustrate the method we found to be the most efficient,
consider a non-stop flight from Paris to New York. Starting at time 'zero' at Paris we
imagined numbers of aircraft radiating in different directions, and plotted the positions
they would be in, taking account of the wind field, after one hour, two hours, and so
on. This gave hourly isochrones, and the first to reach the destination gave the
minimum flying time possible under the given circulation pattern, but not the actual
route. To find that, we had to reconstruct backwards from New York. The work only
took about twenty minutes and was much appreciated by the airline operators.
However, with the increasing traffic over the North Atlantic it became necessary to
establish rigid flight corridors, so that our procedure no longer serves a useful
purpose.

H. T. - You have an impressive list of decorations. Can you say something about the
circumstances leading to them?
J. B. - The Croix de Guerre 1939-1945 avec palmes and the Medai/le de la Resistance
arose from my part in the French Resistance during the war, which I have already
mentioned. I always say that it is those who died who deserve the decorations, but the
lucky survivors who wear them. From the French Air Ministry I received the Medai/le
de l'Aeronautique in 1955 and the Medail/e d'honneur de l'Aeronautique in 1970 for my
contributions to aeronautical meteorology; I was made Chevalier des Palmes academiques in 1958 in recognition of my work in training both military and civil staff in
aeronautical meteorology. I do not need to tell you that in the space of 10 to 15 years,
with cruising altitudes going up from about 2000 m in 1939 to 8000 m in the 1950s, the
scope of meteorological training, for our own staff as well as for aircrews, underwent a
considerable evolution.

H. T. - You were also Officer and became Commander of the Legion d'honneur. Can
you tell me something about the history of this order?

J. B. - The order Legion d'honneur was created by the Emperor Napoleon I. It is for
outstanding service to the country, either as a civilian or as a member of the armed
forces. There are three grades: knight, officer and commander, and above that two
special high-ranking awards, the Grand Officier and the Grand Croix. The President of
the Republic is automatically Grand Croix de la Legion d'honneur. Later, General de
Gaulle created a new order for distinguished services to the nation, /'Ordre du merite
national, which has led to fewer Legion d'honneur awards being conferred. Inci72

dentally, the order is not restricted to French nationals. For example, as you reported
in the WM 0 Bulletin 30 (I) p. 16, Dr. R. M. White of the USA is Chevalier de la Legion
d'honneur.
H. T. - Many of my colleagues at WMO, when they knew I was going to meet you,
asked me to question you about your favourite recreation - fishing.
J. B. - One of the main reasons which led me to decide to buy this mill is that it is on
a trout stream. There are only trout here; for other kinds of fish one must go down to
the Garonne. But for me the great joy is that I can fish for trout without going more
than a kilometre from home. I am afraid I can no longer go in the water up to my waist
because I soon get cramp from the cold, and fishing from the bank is more restrictive.
Anyway, my sons have caught this passion for trout-fishing, and are now much more
adept and successful at it than I am. If any of your WMO colleagues who are enthusiastic trout-fishermen wish to try their arm here, they will be most welcome provided
we have room for them.

H. T. - You are here for six months of the year, and you spend the Winter in Paris. How
do you fill in your time there?
J. B. - I often reflect on scientific problems in meteorology. For two years I have
followed a course at the university on the original language of this area, called the
Langue d'Oc or Occitan (the region is in fact called Languedoc). It is a corrupted form
of Latin still spoken by farmers among themselves. I cannot yet speak it fluently, but I
can read it easily, and the local place-names now have a new and picturesque meaning
for me. For example, Escanecrabe. 'Crabe' has nothing to do with the marine
crustacean; it comes from the Latin word 'capra' which means 'goat'. Then escanar
means 'to suffocate' or 'to be strangled'. Thus Escanecrabe is the 'place of the strangled
goat'.

H. T. - It seems you have the reputation of being something of a gourmet. Is this a
particularly good region from the point of view of gastronomy?

J. B. - I am not sure that the reputation is really merited. Anyway, I have been on a
strict diet for several months now, and no longer can sample all the specialities of this
area such as the foie gras and the cassoulet. Until about a century ago the local people
here in the mountains were very poor and lived and ate modestly-their staple diet was
boiled maize, which can hardly be considered a gourmet's dish. No, this is not the best
gastronomical area in France. I would hesitate to say which is; certainly the Perigord a
bit further to the north comes very high on the list. Nevertheless, our foie gras is justly
famed. But, as I have just said, I have to be extremely cautious nowadays about what I
eat.

H. T. - Drawing from your own experience, what advice would you give to a young
person thinking of choosing meteorology as a career?
J. B. - My eldest son, who has a doctorate in science, is now working in La Meteorologie nationale, so you see I did not advise him against it. Personally, I am very glad
that I chose meteorology. It enabled me to get to know many interesting people in
France and elsewhere; and not only meteorologists, since even at the national level
meteorology interacts with many other fields of human activity. It was wonderful for
me to be able to meet so many eminent people from different countries at WMO
meetings. Sometimes I rather regret not having stuck resolutely to a truly scientific
career, not becoming engrossed in the day-to-day routine tasks of a Meteorological
Service. I have always been attracted to tough problems, and in my day weather
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forecasting certainly packed enough of those. Yes, for me, meteorology has fulfilled
everything I have hoped for. So my assertion is that meteorology is a highly interesting
and thoroughly worthwhile career for a young person to embark upon.

74

Or Anders K. Angstrom
On 6 November 1980 the Editor of the WMO Bulletin arranged to meet Dr Alf Nyberg
near a subway station on the outskirts of Stockholm and then to go to Dr Angstroms
home at 11 a.m. It was a rather cold day but the sky was blue. It was more than 30 years
since the Editor had last seen Dr Angstrom. Dr Nyberg had worked with Dr Angstrom for
a long time, and the Editor was therefore very pleased to be able to conduct the interview
in his presence. This proved to be both pleasant and useful.
When we arrived at the villa, Dr Angstrom was waiting for us. He was clad in an
elegant dark blue three-piece suit which emphasized the whiteness of his hair. Sitting in
front of his large dark desk surrounded by bookshelves he looked very much like an old
painting of a famous professor. When he spoke, his voice was clear and the words could be
easily understood despite his slight tremor. He asked whether we should carry out the
interview in Swedish or English; his English was indeed impeccable. He warned the Editor
that he would probably get carried away at times, giving unnecessary explanations. It soon
became evident that the grand old man was enjoying reminiscing over past events in the
company of his good friend, and Dr Nyberg helped fill in dates and other details when
Dr Angstrom's memory failed him. He asked for an assurance that he would be able to
see and approve the edited typescript. This subsequently proved to be rather a difficult
exercise which required frequent visits and discussions with Dr Nyberg.

Dr and Mrs Anders K. Angstrom

The interview which appears in the following pages is thus the result of considerable
work by Dr Nyberg who probably played a greater role than the Editor. He merits full
credit for this.
Dr Anders Angstrom was born in Sweden in 1888. He was the third generation in his
family to have contributed enormously to research in the field of atmospheric physics, and
especially atmospheric radiation. The wavelength unit J0- 8 cm was called the angstrom
after his grandfather who studied the solar spectrum. His father designed the pyrheliometer which is to this day the standard instrument for measurement of direct solar
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radiation. It was therefore natural that the young Angstrom should follow the same line of
interest. He started by working as assistant to his father who was a professor ·at the
University of Uppsala in Sweden. He enjoyed the work, mainly because it involved
meticulous observations, the handling of instruments, considerable outdoor work and the
opportunity to participate in expeditions. After the death of his father, Angstrom decided to
see more of the world. He wrote to C. G. Abbot in the USA, inquiring whether he needed
the help of a young and enthusiastic collaborator. In reply, Abbot asked him to join in an
expedition to Algeria. This was 1912 when Angstrom was 24 years old: During the months
they worked together, the two men enjoyed excellent collaboration and friendship;
Angstrom was pleased to have an opportunity to test his father's radiation instruments and
Abbot found in him the promise of a brilliant young scientist. When the expedition was
over, Angstrom went with the Abbot family to the USA and continued his studies with
Professor Nichols at Cornell University. There Angstrom met Dr E. Kennard and together
they carried out an expedition to Mount Whitney in July 1913. Angstrom's main interest
was to measure the outgoing long-wave radiation with a pyrgeometer, also designed by his
father. He established and calculated the effect of carbon dioxide on radiation in the
atmosphere which had been neglected by previous research workers.
In 1916 Angstrom obtained a doctorate from the University of Uppsala and for the
next two years worked there as associate professor. In 1919 he joined the Swedish
Meteorological and Hydrological Institute and immediately embarked on studying
relationships between solar radiation and climatology. One of his methods for calculating
global radiation from sunshine records is still used where direct radiation measurements
are not frequent. In 1949 Angstrom became Director of the Institute and held this office
until he retired in 1955. However, he continued his scientific activities for ten more years,
regularly visiting the Eppley Laboratory in the USA.
Angstrom had his first contact with !MO in 1924 when he attended the International
Radiation Commission. He served as chairman of the Radiation Commissions of IUGG
from 1930 to 1951 and of !MO from 1936 to 1946.
In addition to his primary field of solar radiation and energy exchange at the surface
of the Earth and in the lowest layers of the atmosphere, Angstrom has written on climatology and the forecasting offrost and forest fires. 1n fact his scientific interest has encompassed many diverse practical fields. During the 35 years he worked for the Swedish
Meteorological Institute he published no less than 151 scientific papers of a very high
standard.
Angstrom's contributions to the scientific world brought him many awards and much
acclaim. In 1934 he became a member of the Swedish Forestry and Agricultural Academy,
in 1946 he was made a member of the Swedish Military Sciences Academy and in 1948 he
was elected member of the Swedish Royal Academy of Science. In the international arena
he was awarded the !MO prize in 1962.
Angstrom was very friendly, he had a good sense of humour and was a perfect
example of a gentleman scientist. He retained his remarkable intellectual capacity
throughout his long life.
As already mentioned, this interview took place at the Angstrom's villa in Stockholm.
The Editor of the WMO Bulletin wishes to thank Mrs Angstrom for her excellent hospitality, and Dr Nyberg for his valuable assistance.
Bull. - Dr Angstrom, you are the third generation in your family to be very well known.
Your grandfather, Anders Jonas, was professor at the University of Uppsala and made
outstanding contributions to atmospheric physics through his studies of the solar
spectrum. The angstrom unit got its name from him. Your father, Knot Johan, in turn
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became professor of physics at the same university and perhaps the design of the compensation pyrheliometer was his most remarkable achievement in the field of solar radiation.
How did growing up surrounded by such eminent scientists affect you?
A. A. - As you say, both my father and my grandfather were outstanding physicists.
For me, this had its bad and its good sides. On the one hand, I sensed that perhaps I
was not fulfilling all the great expectations they had of me, but on the other
I developed in an environment rich in experiences.

Bull. -

How did you start your career?

A. A. - My father was a genius as a designer of instruments, and after obtaining my
Bachelor's degree in 1909 I was able to assist him in the calibration of his radiation
instruments, and thus I entered a research area which attracted me more and more.
Bull. -

You started early to make independent studies in this field?

A. A. - After my father's death .in March 1910, I embarked on a thesis which was
published in 1912 under the title Uber die Rejlexion von Fliissigkeiten in ultrarotem
Spektrum. This also dealt with radiation. However, I soon got the impression that, with
my father's death, interest in radiation problems had diminished in the university,
which I suppose was only natural. This and certain other factors induced me to try to
supplement my education outside Sweden. Some time earlier my father had exchanged
views (partly controversial) with Dr C. G. Abbot, chief of the Astrophysical Observatory of the Smithsonian Institution in Washington, D.C., as well as with Professor
E. L. Nichols. I therefore wrote to both Abbot and Nichols. Giving as references my
relatively modest contributions within their fields of research, I asked whether I could
continue my studies at their respective institutions. Almost immediately I got replies
from both of them.

Bull. -

I understand that their reactions were very positive.

A. A. - Yes. Abbot asked me if I would be willing to take part as assistant in his
planned expedition to Algeria. The purpose was to determine the so-called solar
constant and its possible variations. Nichols offered me a fellowship in physics at his
institution in the Rockefeller Hall at Cornell University. Both offers included salary
and fellowship benefits which amply covered my expenses. I accepted both with
gratitude. Abbot's offer seemed to give an excellent opportunity for me to use my
father's radiation instruments, the pyrheliometer and the instrument for measuring
outgoing nocturnal radiation to which I had already given the name pyrgeometer.
Abbot's reply was MEET ME BASSOUR ALGERIA MAY 20.

Bull. -

How did you get on with Abbot?

A. A. - Abbot was about 40 years old and I was 24. He had once been assistant to
Langley, whose method of determining the solar constant through radiation
measurements and simultaneous analysis of its spectrum we were going to apply every
clear day for four months. I could not avoid the impression that our first meeting was
perhaps tinged with mutual disappointment. I had expected to meet an elegant elderly
gentleman surrounded by a staff of assistants. Abbot had certainly not expected that
the 'little European' would arrive dressed for tennis and carrying racket and balls.
However, during the first two weeks there. was a favourable development in our
relationship. Abbot was that type of American who could do practically anything. He
helped me build a small house and assisted Mrs Abbot with the housekeeping. With
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my help, he transported all the instruments to the observation post 60 m above the
village.

Bull. -

What precisely did you do at Bassour?

A. A. - The 'little European' demonstrated that he was an interested and entirely
capable observer who carefully followed the important time schedule. My task was to
read off the silver disk pyrheliometer which Abbot had designed. Abbot reserved for
himself the more demanding work of handling the automatic spectrobolometer. We got
up at 5 a.m., and between the four daily observation times (which started at 7 a.m.) we
had plenty of time to discuss all sorts of problems.

Bull. -

Did you take part in all the programmes of the expedition?

A. A. - Well, after a month's delay I obtained from Uppsala not only one of my
father's compensation pyrheliometers but also a pyrgeometer. The former instrument
was useful for comparisons with the silver disk instrument. I started at once to measure
the outgoing radiation with the pyrgeometer every night. At that time the question of
possible variations of the solar constant was attracting growing interest, and the

Or C. G. Abbot outside the
makeshift accommodation they
constructed at Bassour in
1912

accuracy of measuring instruments was therefore of extreme importance. Stimulated by
Abbot's own interest in the matter, I treated the problem mathematically and found
that the Angstrom pyrheliometer must give a value two or three per cent too low due to
a certain asymmetry within the instrument. Many years later it became clear to me that
the Abbot instrument must have given values three or four per cent too high owing to
the fact that the opening through which the radiation was collected was larger than the
apparent disk of the sun, so that the instrument also picked up some diffuse sky
radiation. When I was given access to new investigations by Darno and Linke on
diffuse sky radiation and its dependence on the position of the sun and on atmospheric
turbidity, I could deduce the order of magnitude of the error caused by this factor.

Bull. - Did you conclude that the solar constant was actually constant, or that any
variation was too small to be determined?

A. - The method of determining the solar constant used by Abbot, and by both
Langley and Knut Angstrom before him, required a series of measurements to be made

A.
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of solar radiation at the surface of the Earth after absorption by the atmosphere. Simultaneous recordings had to be made of the radiation in practically all parts of the solar
spectrum. Atmospheric absorption in the various spectral ranges was determined using
the spectrobolometer, and in this way the solar constant could be calculated assuming
absorption to be constant during the 3-4 hour measurement period. The solar constant
was the sum of the constants which could be computed for various spectral ranges.
Abbot considered that he could determine both the solar constant and its possible
variations. Only many years later I came to the conclusi~n that the method required
that both the solar constant and the scattering factor remain constant during the four
hours used for measurement. As a matter of fact, we tried to get an idea of solar
constant variations by using a method which assumed that it was constant during a
six-hour series of observations. This was one of the reasons which made me sceptical of
the rather small variations which had been found by several investigators. Also
variations in the atmospheric turbidity were not completely eliminated.

Bull. - The measurements of outgoing terrestrial radiation were perhaps your main
interest during your stay in Algeria?
A. A. - Yes. I got excellent results using my father's instrument, the pyrgeometer, for
measuring nocturnal outgoing radiation in the dry air of the high altitude station. I
realized immediately that my measurements there would be an excellent way of
studying the properties of the atmosphere and of identifying those gases which
contribute to the fact that the outgoing radiation is only about 15 per cent of the value
it could be if there were no atmosphere. This is, of course, due to the re-radiation of the
atmosphere.

BulL - In this connexion, you made a special study of the effect of water vapour and
carbon dioxide?
A. A. - Yes. I studied these factors and deduced a theoretical explanation for this
strong re-radiation. From my measurements, I could extrapolate down to zero water
vapour content, and I then found a considerable residual term. Emden had made a
great contribution with his theoretical computations of re-radiation by the atmosphere,
but he had neglected the effect of carbon dioxide. The size of my residual term corresponded well with the expected value.

Bull. -

After the expedition in Algeria, did you go directly to the USA?

A. A. - I went over to America with the Abbot family, and then from the autumn of
1912, I studied with Professor Nicho1s at Cornell University at Ithaca in New York
State. I started experimental work at the Rockefeller Hall with spectral measurements
of infra-red reflexion from a group of substances in aqueous solution.

Bull. -

But you had not yet completed your studies of nocturnal radiation?

A. A. - No. Not to the extent I felt necessary. During the Algerian expedition Abbot
had himself become very interested in my observations and the influence of different
atmospheric factors on outgoing radiation. He had previously made measurements of
solar radiation on Mount Whitney in California, 4420 m above sea-level, and he
offered to apply for support from the Smithsonian Institution for an expedition during
the summer of 1913 to measure outgoing radiation and find its dependence on various
factors such as altitude. I gratefully accepted this offer, and he went on to make
arrangements for support by staff of the astronomical observatory at Pomona
College.
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Bull. -

Did you carry out the work on Mount Whitney by yourself?

A. A. - In the course of my research work at Cornell University, I came into close
contact with a number of other scientists, among whom was Dr E. Kennard, assistant
in physics. He had a broad interest in science, especially in Einstein's theory of
relativity. I asked him to assist me during the expedition and he readily accepted. We
went to Mount Whitney at the beginning of July 1913. My expedition has been
described in the Smithsonian Miscellaneous Collections, Vol. 65, No. 3- A study of the
radiation of the atmosphere. I should also mention that the US Weather Bureau decided
to co-operate with my expedition through a series of captive balloon launches from the
top of the mountain. The work was favoured throughout by good weather, and when I
went back to Sweden, I took with me some good basic material for my doctorate thesis
which I eventually defended in 1916.

Dr Angstrom and Dr Kennard
during their expedition
to Mount Whitney in 1913

Bull. - Your thesis was much appreciated and the dissertation led to your appointment
as Docent or assistant professor. What did you do back in Sweden?

A. A. - After my return, I supplemented my earlier results in several ways. I
measured atmospheric radiation during the solar eclipse of 20 August 1914, and
measured radiation during the arctic night at Abisko in northern Sweden. When I was
appointed Docent at the University, I also became assistant at the Meteorological
Institute. I succeeded in interesting a young colleague in my work and we published a
paper on the dependence of outgoing radiation on clouds, a subject to which I had
already given some attention during my expedition in California.
Bull. -

You did not stay in Uppsala for very long?

A. A. - No. It was at that time that the Meteorologiska Centralanstalten in Stockholm
was reorganized and combined with the Hydrograjiska Byrim to form the Statens
Meteorologiska. och Hydrografiska Anstalt. This became effective on 1 January 1919
and was placed under the leadership of Axel Wallen. From that date I became a stateemployed meteorologist. The position offered numerous advantages. I had a manysided contact with competent administrators and an efficient support staff. As leader,
Wallen was something of a humanist as well as being a scientific investigator.
J. W. Sandstrom had a natural gift for research; although he had no academic
diplomas he nevertheless made a career as assistant to Vilhelm Bjerknes.
Bull. post?
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Could you continue your research work in the field of radiation in your new

A. A. - Yes. There were many contributing factors which stimulated me in this work,
not least the personal interest that Wallen showed in me. One of my first tasks was to
organize solar and sky radiation observations in Stockholm using the recording
pyranometer which I had designed. This pyranometer model was later widely used,
being marketed by the Eppley Laboratory. I used the results of my pyranometer
measurements to derive the relationship between sunshine duration (recorded with
simple autographic instruments) and total incoming radiation (from. sun and sky). This
important climatological factor could then be estimated for many places in the country
from the relatively simple sunshine recorders.

Bull. - Although it was in the field of radiation that you made your most important
contribution to meteorology, you also looked into several other problems?
A. A. - Through my close contact with my colleagues, and especially with my chief,
Axel Wallen, I was involved in work connected with frost, soil temperature, forest-fire
warnings, evaporation from lakes, the use of pilot balloons and the efficiency of
weather forecasts. I also introduced a new definition of atmospheric turbidity.

Bull. - You were also involved at the start of systematic observations of the chemical
composition of pollutants in precipitation, which later led to the establishment of the international network of background air-pollution monitoring stations· organized by
WMO.
A. A. - In this work I co-operated with Professor H. Egner in Uppsala, and we could
use the regular meteorological observers of the Institute. With a colleague I published a
study on the nitrogen content of precipitation. Subsequently, interest has focused on
the sulphur content.

BulL -

Did you always take a lively interest in international co-operation?

A. A. - For several years following the First World War, international scientific cooperation continued to suffer from the effects of the war. The International Meteorological Organization had previously been an effective and necessary forum for international co-operation, and it was some satisfaction that after the war the IMO had been
re-established by congresses in Paris and London. However, it was most regrettable
that representatives of the Central Powers were excluded. The Central Powers at that
time comprised Austria, Bulgaria, Germany, Hungary, Italy, Poland, Turkey and
Yugoslavia. This vitiated any universal procedures and also prevented the meteorological community at large from benefiting from the rich experiences which the Central
Powers had acquired, for example in aerology. The chief of the upper-air observatory
at Lindenberg (near Berlin), G. Hergesell, was a highly esteemed scientist and an
effective organizer. He seized the reins and convened a meeting at Lindenberg in July
1921 with meteorologists from Germany, Austria and neutral countries. I was the
Swedish delegate. A proposal was made to form a union to fill up IMO gaps. The
questions which were dealt with first concerned weather services, especially the
exchange of observations by wireless and the measurement of radiation. Thanks to this
meeting, I made useful contacts with many other meteorologists working in my own
field, such as R. Siiring, chief of the observatory at Potsdam, the Austrians Schmidt
and Exner, and, above all, Hergesell himself who later gave me valuable help by
organizing two nocturnal balloon ascents for measuring outgoing radiation. In 1923, I
accompanied Wallen to the IMO conference in Utrecht (where there were no representatives of the Central Powers). I thus made personal contact with outstanding personalities in meteorological research and organisations in both groups of countries. I was
elected secretary of the reconstituted radiation commission, and later became its
president.
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Bull. - What was the status of meteorology in Sweden when you entered the
Institute?
A. A. - An interesting event in the history of Swedish meteorology was the establishment in 1756 of a meteorological station at the Stockholm Observatory, where
observations have been recorded continuously ever since. In 1858 a network of about
20 stations all over the country was established by the Academy of Science, and in 1873
the independent Meteorological Institute was created.

Bull. - When you joined the Swedish Meteorological and Hydrological Institute in
1919, did it already provide any aeronautical services?
A. A. - We did not provide aviation forecasts until 1928. However, my colleagues
and I prepared forecast charts using the isallobaric technique introduced by Ekholm in
1884. The results were sent by telegraph for the use of newspapers and the general
public.

Or Angstrom with Or Warren
Thornthwaite at the latter's climatology
laboratory at Centerton, New Jersey
(USA) in 1955

Bull. - Was there a chair of meteorology in one of the universities in Sweden in those
days? When was it established and who was the first professor?
A. A.

- A chair in meteorology was set up in 1878 at the University of Uppsala and
H. Hildebrandsson was appointed professor. He took an active part in the work of
IMO, especially in cloud classification.

Bull. - I see that you are a member of the Swedish Agricultural Academy and also the
Academy of Science and the Military Academy. Could you say something about your
involvement in these academies?

A. - Several of my papers are related to climatology, and many touch on interesting applications, such as frost forecasts and forest-fire warnings. These were of
interest to the Academy of Agriculture and Forestry. The army was also very interested
in forest fires since it was involved in fighting them. A good forecast could be
~xtremely useful. It was in conjunction with this work that my name was proposed as a
member of the Swedish Military Academy. In the Academy of Science a new class for
geophysics was established in 1948, and I was one of the first elected members.
A.
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Bull. - The period when you were Director of the SMHI coincided with a time of great
progress in the science of meteorology. The computer was invented and the use of
numerical techniques in weather forecasting was introduced. What sort of repercussions
did these have on the activities of the Institute?
A. A. - As you are well aware, Professor C.-G. Rossby was one of the originators of
numerical weather prediction techniques. The SMHI offered him a special post as
adviser. In spite of certain routine formalities which caused some delay, we caught up
very quickly and numerical weather prediction was soon introduced at the Institute.
Our experience increased and in a few years we were able to organize training
seminars for meteorologists from several other European countries.

Dr Angstrom with Mr W. R. Dyer, then chief of
the WMO Technical Assistance Unit, during a
visit to Iceland in August 1956 to survey
requirements for instrumental and climatological
work

Bull. - I understand that you continued your scientific activities even after your
retirement. What was your major cont!ibution during that period?

A. - From 1956 for more than ten years I made annual visits to the Eppley
Laboratory in Newport, USA. My work had two main objectives, first the development
of new instruments and the improvement of existing ones (such as the electrical
compensation pyrheliometer), and second the introduction of empirical formulas,
based on theoretical considerations, which could be applied to regular meteorological
measurements. Some of my work related to the standardization of the characteristics of
coloured glass filters, the derivation of the relationship between illumination and solar
energy, and the dependence of the circumsolar sky radiation upon atmospheric
turbidity parameters. Subsequent studies were mainly concerned with the determination of the solar constant and the extraterrestrial spectral flux component and the
associated scattering properties of the intervening atmosphere as revealed by observations from high-flying aircraft.
A.

Bull. - In your opinion, what should be the present and future emphasis in meteorological activities? In other words, what should be the objective of the science of
meteorology?
A. A. - That is a difficult question to answer. I think the answer would differ from
one meteorologist to the next, depending on his background and interests, I would
probably be biased myself towards the kind of scientific activities I have been carrying
out all my life. However, there are certain fields in which surely all meteorologists
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would like to see increased emphasis. The world is faced with a continuously
increasing population. The shortage of food is threatening the future of mankind. Our
natural environment is being destroyed by human activities. Any action to alleviate
these problems is more than welcome. Therefore, I feel it is natural that more emphasis
should be put on application of meteorology to the economic development of the
nations. A major problem these days is the shortage of fossil fuels, and as alternatives
the use of solar, wind and thermal energy comes immediately to mind, and these are all
strongly weather dependent.
(Photos accompanying this interview were kindly provided by Mrs Angstrom and the SMHI)
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Or F. W. Reichelderfer
Francis Wilton Reicheldeifer was born in Harlan in the state of Indiana, USA, on
6 August 1895, the son of a methodist pastor. He graduated from high school in Topeka
in 1913, and went on to university at Evanstan, near Chicago, where his principal subjects
were physics, mathematics and chemistry. He followed additional courses in English,
zoology and psychology, and also derived great satisfaction from taking a three-year
course in classical Greek under the eminent Professor J. Scott. His first job was working as
a chemist for Calumet, a firm which makes baking powder.
Like many American boys of his age, Francis Reicheldeifer dreamed offlying, and in
1917 getting into the war seemed to be the best way of attaining this objective. He looked
around for a way to become enlisted. The US Air Force did not exist at that time; there
were only small aviation units in the army and the navy. In 1918 Reicheldeifer enlisted in
the US Naval Reserve Flying Corps, and after a three-month course in meteorology at
Harvard's Blue Hill Observatory, he was ready to be drafted to England for actil'e service.

Dr F. W. Reichelderfer in 1960

However, instead of England, he ended up in Canada at a US naval air station at North
Sydney (Nova Scotia) where his job was to forecast weather for anti-submarine patrols
which guarded convoys crossing the North Atlantic from Halifax. So the war came to an
end and he had still not got his 'wings'. Therefore he had himself transferred to a naval air
station near Noifolk (Virginia), and it was this move which was decisive for his future
career. During the First World War several countries in Europe, and Norway in particular,
suffered from a lack of weather information so desperately needed for fishing fleets. Bad
weather and storms caused serious damage which could have been avoided with adequate
warning. In Bergen, a group of meteorologists under the leadership of Jack Bjerknes
embarked upon a serious and in-depth empirical study of weather systems, thereby
founding the famous Bergen school. Bjerknes's new method of analysing weather maps
became known as frontal analysis'. When Reichelderfer heard about this, he determined
to try the frontal analysis technique in the USA, in spite of the scepticism of his colleagues.
In M ay 1919 there was the first attempt at a transatlantic crossing by flying boats,
and Reicheldeifer was sent to Lisbon to forecast the weather for them. Four machines
were to set out from Rockaway Inlet (Long Jslqnd). Two came down in mid-ocean, the
crews being rescued by ships. The third developed engine trouble and never left the ground.
The fourth flying boat completed the crossing and provided invaluable information.
In September of the same year, Reicheldeifer had his first experience as
pilot-meteorologist of a balloon when he rode in an open basket to an altitude of about
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6000 metres. Perhaps the greatest hazard to balloons in those days was thunderstorms:
during an international balloon race ji-om Brussels in 1923. fil•e participants lost their lives
when lightning struck their balloons.
When he became lieutenant in charge of the naval meteorological service at
Washington. D. C.. Reicheldeifer put all his effort into means of gaining more information
about the upper layers of the atmosphere. and naval pilots flew weather reconnaissance
missions for the first time. In 1931 he went to Norway to study with Bjerknes and
Bergeron for the greater part of a year. By now airships had reached the apogee of their
brief period of celebrity. and he made several long journeys on the ill:lated zeppelin
Hindenburg. and in fact was to have returned with her to Frankfurt the time she burst into
flames at Lakehurst in 193 7.
It was while he was doing a naval officer's obligatory spell of service at sea in 1938
that Reichelde1jer was offered the post of Chief of the US Weather Bureau. and he was
sworn in on 15 December of that year. From then on things happened with remarkable
speed. To begin with. radiosondes had started to be used for taking upper-air observations.
and for the first time it was possible to draw a meaninglul pattern of the circulation at
upper levels. The US Coast and Geodetic Survey already used a calculating machine to
forecast ocean tides. and in England. L. F Richardson had demonstrared that mathematical weather forecasting was theoretically possible. and Rossby at the Massachusetts
Institute of Technology had developed fundamental equations describing the general
circulation of the atmosphere. A group of Rossby 's students had come to the US Weather
Bureau to form a nucleus for research. Supported by this group. and with advice from
mathematical geniuses such as Rossby himself. John von Neumann and Jute Charney.
Dr Reicheldeifer raised the US Weather Bureau's research group to a state of high
competence. In 1960 he was jointly responsible for the first orbiting meteorological
satellite-TIROS I. During Reicheldeifer's 25-year term as chief, the Weather Bureau's
budget grew from US $4.7 millions to more than $60 millions. and the number of its
employees went up from 1650 to 6630.
Dr Reiche/de!fer became an influential and respected member of many national
bodies. and. in his capacity as member of the Executive Council of the International
Meteorological Organization. he played a very important part in framing the World
Meteorological Organization Convention. adopted by the Cmiference of Directors at
Washington. D.C. in 1947. First Congress in !951 elected him President of WMO and
Second and Fourth Congresses elected him member of the Executive Committee by
acclamation. (At Third Congress he was already an ex-officio member by virtue of being
president of Regional Association IV).
Reicheldeifer is a member of the US National Academy of Sciences. the American
Geophysical Union. the American Meteorological Society. the Executive Committee of the
National Advisory Committee for Aeronautics. the Royal Meteorological Society. the
Geophysical Society of Lima (Peru). the Philosophical Society of Washington. and the
Washington Academy of Sciences. Among the honours bestowed on him from abroad
may be mentioned the Order of the Sacred Treasure (Japan /960) and other international
medals or parchments from Chile. Cuba and Peru. He received the ninth !MO Prize in
/964. In his home country he has received medals for meritorious service from the US
Department of Commerce and the US Air Force. The American Meteorological Society
coiiferred on him the Cleveland Abbe award in /964 and a special recognition award in
/972. He is the author of numerous technical and scientific papers.
Throughout his career. Reiche/deifer demonstrated a remarkable ability to .find
solutions to the most complex problems. He always remained calm even in the most
provoking circumstances. His sincere and fi"iendly advice had always been appreciated by
his colleagues. who spontaneously refer to him as a 'Gentleman·.
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On the occasion of his retirement OIJ 1 October 1963, Dr Reicheldeifer received the
following letter from the President of the United States of America:
Dear Dr Reichelderfer,
You have held the post of Chief of the Weather Bureau with great distinction under
four Presidents, and it is with regret that I accept your resignation, effective upon the
appointment and qualification of your successor.
In your forty-five years of service to the United States, you have distinguished yourself
as a naval officer, as Chief of the Weather Bureau, and as a leader in international scientific
co-operation.
As chief of the Weather Bureau, you presided over the evolution of meteorology and
weather forecasting from an art to a science.
I appreciate your desire to devote more time to the problems of world meteorology, so
uniquely important to international affairs and the spread of goodwill among nations. I
know that a. man of your vigour and ability will continue to serve the world of science with
distinction, and in doing so to serve the nation.
I am glad to know that we can call upon you for assistance in the future.
Sincerely,
John F. Kennedy

111is interview took place at the Cosmos Club in Washington, D. C. on 28 July 1981.
171e Editor of the WMO Bulletin was very pleased to see Dr Reicheldeifer again and
grateful to him for having agreed to contribute to the series. In spite of his 86 years he was
extreme(v sharp, clear in mind, eloquent in conversation. He gives the impression that he is
still that resolute naval commander and young scientist seeking to push back the
boundaries of our knowledge of the atmosphere.

H. T. -

Dr Reichelderfer, could you start by saying something about your childhood and

family?

F. W. R. - I was born in the small town of Harlan in the state of Indiana on 6 August
1895. My father was a Methodist pastor, and during my childhood we lived in three or
four different towns in north-eastern Indiana. The close-knit upright family circleconsisting of my parents, my younger sister Janet and myself, surrounded by many
aunts, uncles and cousins living nearby-influenced my subsequent outlook on life,
and probably my career too, far more than I realized at the time. These people were
genuinely but not fanatically religious. I graduated from the high school at Topeka in
1913. We then moved to Evanston (just north of Chicago) so that my father could go to
the well-known Protestant college for ministers and I could follow a course at the
Northwestern University.
H. T. -

What subjects did you choose?

F. W. R. - I had done as much mathematics, physics and chemistry as I could at high
school, and so my course was centred on science. It seems to me that nowadays most
young people take the fewest and easiest subjects they can in order to graduate.
Without wishing to appear immodest, I took all the courses that my faculty counsellor
would allow, which was about 25 per cent more than was required. I decided quite
early that I should make chemistry my profession. So my course was based on physics
and chemistry, but I also took English, mathematics, zoology, psychology and three
years of classical Greek. This last course turned out to be immensely valuable to me
because of the extraordinary personality and knowledgeability of Professor John Scott.
He succeeded in broadening my horizons in far more directions than simply classical
Greek.
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H. T. -

And after you graduated, what sort of work did you decide to do?

F. W R. - When I obtained a bachelor's degree I had an option on several positions.
I chose to go to the Calumet Company's chemistry laboratory on the west side of
Chicago, and started there in June 1917 immediately after graduating. However, since I
had not yet been drafted for military service I decided to volunteer. I was attracted by
aviation, and so together with a close friend from university I enrolled in the United
States Naval Flying Reserve Corps. We were called up for active duty in May 1918 and
sent to the Massachusetts Institute of Technology for 'ground school' training in
preparation for going on to the Naval Aviation Flying School. However, my friend
and I rather naively offered ourselves for immediate service abroad, thinking we could
get our flying training in England which was still at war with Germany. So we followed
an intensive training course in meteorology. Then one of those absurd little incidents
occurred which changes the course of one's whole life. A British officer was looking
through the list of names of candidates for assignment in England. When he came to
mine he protested 'Reichelderfer! Why, the last two people you sent over had German
names. Haven't you someone with a more English-sounding name?' Well, there was
nobody there to plead for me, so they blithely put me down to fill a vacancy as
meteorologist at the US naval air station at North Sydney, Nova Scotia.
H. T. - That British officer unwittingly did a great service for the meteorological
community! So what did your work as meteorologist entail, and what facilities were
available?

F. W. R. - When I arrived at North Sydney I discovered there were no meteorological facilities whatsoever. The aircraft went out to search for enemy submarines
waiting to attack convoys as they set sail for Europe. To forecast for these missions I
had to make arrangements with the Canadian Meteorological Service to obtain
whatever synoptic reports were available, which did not amount to more than about a
dozen observations. Thus it was an extremely primitive kind of forecast office, but in a
few months the Armistice was signed and I was posted to the naval air station at
Hampton Roads, near Norfolk (Virginia), where once again I had to establish a
weather observing and forecasting office. We received copies of synoptic reports
collected by the US Weather Bureau and made our own charts.

H. T. - You had been done out of your flying training in England. Did you still want to
learn to fly?
F. W R. - Very much indeed, and I had put in a strong request for this to the Navy
Department. They agreed, and in February 1919 I was sent to Miami for preliminary
flight training and then to Pensacola for more advanced training. However, I had only
just started the course at Pensacola when I was ordered back to Hampton Roads for a
special assignment. I was to be the meteorological officer at Lisbon (Portugal) which
was the point of arrival of the first attempt at a transatlantic crossing by flying boats.
The Commanding Officer at Pensacola was sympathetic to me in my predicament and
let me arrange night and day training so that I was able to complete the advanced
flying course in about ten days instead of the usual two months.
H. T. -

Tell me about the transatlantic crossing by flying boats. What was your respon-

sibility?

F. W R. - I was .to forecast the weather on the legs from the Azores to Lisbon and
Lisbon to Plymouth in the south of England. You know the rest-one of the four
aircraft made it successfully. Incidentally, the meteorological forecaster at the point of
departure for the actual crossing-which was Trepassey Bay in Newfoundland-was

88

Willis Ray Gregg. Gregg later succeeded Professor Marvin as Chief of the US Weather
Bureau and I took over this post on Gregg's death in 1938. The meteorological
community was very closely knit in those days; we knew each other well and there was
a great esprit de corps which made the profession really satisfying. At the end of the
First World War I had to decide whether to go back to my job with the Calumet
Company which had been kept open for me, or whether to stay in meteorology. I felt
sure that there was a better future in meteorology than in chemistry; meteorologists
were very few, I was convinced that aviation was on the threshold of an explosive
growth, and the opportunities for research and development in aviation meteorology
seemed infinitely better than in chemistry. So I chose meteorology, and needless to say
I am very glad that I did.

The NC-4 !lying boat landing off Lisbon after its successful transatlantic
crossing in 1919
(Photo: National Air & Space Museum, Smithsonian lnstilution)

H. T -

Can you tell me how you came to be involved in ballooning?

F. W R. If there is any craft which is really at the mercy of the weather it is the free
balloon. The US Navy decided to enter a national balloon race in 1919, and to stand a
chance of winning you need to know where the wind will take you and what
conditions you will encounter. So they looked around for a meteorologist to go along
as one of the crew. There were not many, most of the meteorologists in the navy had
resigned at the end of the war and gone back to civilian life. I was sent to Akron (Ohio)
for training in free ballooning and then took part in the race from St. Louis. This all
took place in 1919. When you are in a free balloon you are effectively a particle of air
and one learns a great deal about air currents and especially vertical motion. After a
time one develops a fe.eling for the weather which is difficult to describe and which
cannot be found elsewhere. In 1923 I had a most exciting experience. The US Navy
entered the Gordon Bennett international balloon race which started from Brussels,
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and I went along again as meteorologist. There was a large crowd there and we took
off on schedule, even though the weather was not good. Besides being meteorologist, I
was also navigator. We drifted in and among cumulus clouds, and it became clear that
our course was more northerly than we wanted if we were to remain over the continent.
One active cumulus carried us much too high and we had to release gas to come down
to a level where we could see the ground. By then night had fallen, and the lights below
had a definite boundary which could only be the sea coast. We had no desire to go out
across the North Sea and perhaps up into the Arctic, so the pilot brought us down in a
field of turnips about 800 metres from what was then known as the Zuider Zee in the
Netherlands. Next morning we learnt that the US Army's balloon had been struck by
lightning and the pilot and co-pilot killed. Three other balloonists had also lost their
lives due to lightning, so we had been very lucky.

Reiche1derfer (right) takes down
the data to compute upper
winds for a balloon race in
about 1929

H. T - About this time the Bergen school under Jack Bjerknes was very active. Did you
have any contact with that group, and did you try out their new frontal theory?
F. W R. - I don't remember learning about the Bergen school until about 1920 or
even early 1921. But one day in 1921 I was on a bombing exercise off the Virginian
Capes. I had forecast scattered thunderstorms, but on our way back to base we ran into
an extremely ugly-looking line squall and conditions became far more severe than I
had expected. Some of the aeroplanes had to land on the beach to escape the storm.
Now it happened that I had just received some of Bjerknes's papers on the structure of
moving cyclones-up until then our concept of a depression was based on
Abercromby's * model which did not recognize fronts or wind-shift lines-and to me
this was an exciting revelation and one which should permit us to be much more
specific in our forecasting. So I sent for all the material that I could get of Bjerknes and
began to draw in fronts as best I could on our daily weather maps. I believe this was
the first time it had been done as regular practice in the USA.

* ABERCROMBY, R. (1885): Principles offorecasting by means of weather charts. Her Majesty's
Stationery Office, London, 123 pp.
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H. T - I see that in 1923 you became a regular Lieutenant in the US Navy, and that
you were responsible for weather research. What work did this involve?

F. W R. - When the officer who had been in charge of the naval meteorological
organization in Washington, D.C. resigned, I was ordered to Washington after I had
passed the examination for transfer into the US Navy as a regular officer, and took up
this job. In fact I had to reorganize and build up the entire naval meteorological organization-personnel, selection of stations, instruments, operations, analysis and
forecasting methods-in other words I was the 'main guy'.
H. T - I understand that you enlisted the services of Carl-Gustav Rossby, a student of
Bjerknes. How did this come about?
F. W R. - Rossby had come to the USA on an American-Scandinavian foundation
fellowship anq he had a corner of a small office in the Weather Bureau headquarters.
The senior forecasters in the Weather Bureau were dedicated and highly capable men,
and they insisted that nobody should be a forecaster before having had an apprenticeship of five or six years. My work obliged me to visit the Weather Bureau each day
to take down the synoptic reports and draw my weather maps, which I then took back
to the naval headquarters for briefing the navy aviation people. So I came to make the
acquaintance of Rossby-we were about the same age and had similar innovative
ideas. The Weather Bureau had not yet got to grips with the main problems that faced
aviators, for instance it was not the Bureau's practice to forecast fog! The well-known
financier H. Guggenheim was creating an air service in California to set the standard
for future airlines and he wanted to include a model aviation weather service which
would show the Weather Bureau what was needed in this respect. I was asked for
advice, and it was on my recommendation that Rossby was sent to California to help
in setting up the aeronautical weather service. I kept in touch with him and it was clear
he was doing a good job. During the same time I had managed to organize a postgraduate course in meteorology for naval officers at the Massachusetts Institute of
Technology-! believe this was the world's first formal course in meteorology for
graduates-and I was instrumental in getting Rossby appointed as instructor. He
designed the course to meet the requirements of the Navy and ran it himself. This was
positively the beginning of an explosive growth in meteorological education, and
Rossby deserves credit for his pioneering work.

H. T - In 1931 the Navy sent you to Norway to study the air-mass and frontal analysis
techniques practised by the Bergen school. Had you not already learnt all about this
through their published papers and through contact with Rossby?

F. W R. - We thought we had, but when I went to the air-base at Lakehurst (New
Jersey) to forecast for airship operations, I arranged for the maps drawn up by
Rossby's group at M. LT. to be mailed to us, and found that our analyses did not
compare very well with theirs. We were unable to find out why, so it was decided that I
should go and see just how Bergeron, Bjerknes, Petterssen, Solberg and the others did
their analyses. On my way to Norway I spent three or four weeks in England and saw
how the British Meteorological Office functioned and how they drew up their weather
maps. Once in Norway, it soon became clear to me that they had a skill, an artistry,
that we could never have acquired from just reading their papers. I became thoroughly
engrossed in learning their technique and was still in Norway more than six months
later, although my visit had originally been planned for only a week or two. When I got
back to the USA I wrote an official report on the Bergen school analysis technique,
partly in order to explain my long absence. I did not consider it as being a final
treatise, and so when I addressed the report to the Navy Department I marked it
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'Restricted' to imply that it was to be used only for naval purposes and not published.
For some reason this made the Weather Bureau and the Air Force suspicious that I had
obtained some special information which was not to be divulged outside the Navy. Of
course this was not at all true. Anyway they managed somehow to obtain a copy which
they duplicated and circulated in hundreds of copies to staff in the Weather Bureau
and the Air Force. So this absurd incident probably had much to do with the adoption
of frontal analysis methods in the USA.
H. T - After a spell of two years' sea duty, you returned to Lakehurst in 1935 with the
rank of Lieutenant Commander. Did you go back to meteorological forecasting duties?
F W R. - My increasing seniority in the Navy prevented me from spending very
much time as a real meteorologist. It is true that they still needed my meteorological
experience, but during my second spell at Lakehurst I was also saddled with the more
administrative tasks that are the lot of the person in authority. Nevertheless I kept in
close touch with meteorology, and took part in a number of balloon races so that I was
able to apply my knowledge. Also, I had the opportunity to fly in the airships which
used Lakehurst as a terminal.

H. T -

What were your impressions of travelling in an airship?

F W R. - It was delightful. So quiet. On the Hindenburg there was a separate dining
room, music room (with a grand piano), smoking room and we all had small
staterooms. Of course the walls were of fabric, not metal or wood. I think my most
memorable trip was from Rio de Janeiro to Frankfurt. We had to fly against the

The German airship Hindenburg in which Or Reichelderfer made several
flights before it was destroyed by fire in 1937
(Photo: D01nier GmbH)

North-east Trades and they seemed to be stronger than usual. I could sense an
increasing anxiety among the German crew that they might have to make an
emergency landing because of lack of fuel. The route they normally followed was
across the Bay of Biscay and up the English Channel to follow· the River Rhine. A
shorter route was through t)le Straits of Gibraltar and up the RhOne valley, but France
imposed very strict air space limits and if they were to drift off the line of the Rhone, as
they easily might in bad weather, there would be all sorts of problems. Well, the crew
calculated that they couldn't make it by the English Channel, and chose to risk the
French route. I was in the control car as we passed through the Straits of Gibraltar and
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had a remarkable panoramic view in all directions. Suddenly we heard the thud of
gunfire from the Spanish fort at Ceuta on the African side. There was some fear that it
might have been aimed at us, but in fact it was the first shot to be fired in the Spanish
Civil War, a ranging shot aimed at a submarine, which was followed by a salvo of five
more shots, but the submarine got away. Once over the Mediterranean we had tail
winds and flew up the Rhone without problem.
H. T -

I suppose airships were highly vulnerable to bad weather?

F. W R. - The airship was able to take care of itself without danger provided it could
avoid the severe updraughts in thunderstorms. The US airship Shenandoah was lost
mainly on this account. When I travelled on the Hindenburg I used to draw synoptic
maps from weather reports intercepted on the radio (there was no responsibility
attached to this, it was simply a bit of co-operation). The German airship officers
certainly knew what they were talking about when it came to meteorology. On 6 May
1937 I packed my bags to return with the zeppelin to Frankfurt. The captain wanted to
make a quick turn-round without refuelling at Lakehurst in an attempt to establish a
world record, but the Hindenburg was not allowed to land immediately because of
turbulent thundery conditions, and had to stall around a short distance off the coast. At
that altitude the electrical charge would probably be quite different to that on the
ground. When the zeppelin eventually came in to land she came very quickly. She
released her 200-foot 'drag-ropes' which got wet, and it seems to me very likely that as
soon as one of these touched the ground the potential difference caused a spark to the
metal framework which ignited a pocket of hydrogen and set fire to the airship.
Twenty-six people lost their lives.
H. T - Being a regular naval officer, you would have to do periods of duty at sea from
time to time. Was this as a meteorologist?
F. W R. - No. I was drafted to the enormous aircraft carrier Lexington where I was
responsible for the seaworthiness of the vessel. I was fourth in the line of command.
There were 1285 separate watertight compartments which I was supposed to inspect. I
learnt a lot during that spell. Then I was transferred to the battleship Utah where I was
second in command. That splendid naval officer Captain Waiter Brown gave me the
responsibility of bringing the huge ship into harbour on a number of occasions, and the
thrill of doing this is indescribable.

H. T - It was while you were at sea that you received a telegram asking you whether
you would accept the post of Chief of the Weather Bureau?

F. W R. - This came as a complete surprise. At the same time it was a terrible shock
to learn that my good friend Willis Gregg had died. I was appointed by President
Franklin Roosevelt and took the oath of office on 15 December 1938. At that time
there must have been a total staff of between 150 and 200 at the Weather Bureau
headquarters, and another 1500-2000 who were working at the regular synoptic
stations throughout the country. It was a loyal and dedicated organization but, as I
have already said, it had not managed to keep up with the rapid advances in
meteorology. So the challenge and opportunity presented to me were such as few men
are afforded.
H. T -

So what were the first things you did?

F. W R. - As meteorologist at Hampton Roads I had been plagued by the idea that
meteorology could be made much more an exact science if greater attention were paid
to the relevant physics and mathematics. Therefore, one of the first things I did was to
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try to interest the International Business Machine Company and others in developing
an electronic computer which could be used for numerical meth()ds of weather
prediction. The U.S. Coast and Geodetic Survey already had a good machine for
predicting tides, but I soon found that it would be inadequate for the complex
processes in the atmosphere. I had to set about getting greater financial appropriations
so that we could expand research activities as quickly as possible and get meteorology
accepted as a key role in national affairs. Rossby was much committed to his work at
M.I.T., but he agreed to come to the Bureau as Assistant Chief for a year or two and
did an excellent job, both in research and in the domain of education. When he
returned to M.I.T. and later to the University of Chicago, we got Congressional
approval for Bureau staff to be sent for graduate training there. With the onset of the
Second World War there was a pronounced surge of interest on the part of the military
services and some supplementary funding could be obtained from that quarter. We had
what was called the Joint Meteorological Committee which was largely instrumental in
this. We pressed on with efforts at applying computers to the weather prediction
process.
H. T. - How did you manage to enlist the services of such an astonishingly large number
of highly capable and prestigious people in the research effort? To name just a few there
was Byers, Charney, Machta, Namias, von Neumann, Smagorinsky and Wexler.
F W R. - To a large extent this just happened naturally. During the Second World
War and immediately thereafter there was more incentive to follow a scientific career
in the US Government, particularly in the field of meteorology which was seen as
being particularly promising.

H. T. -

I believe that at one time you had some difference of opinion with Rossby?

F. W R. - Well, there was nothing personal about this. The problem arose from the
normal and healthy competition which exists in meteorolo'gy between the academic
and the governmental sides. I thought that Rossby when he was at the M.l.T. promoted
this feeling, down-playing the Weather Bureau. Then, during the period that he was
Assistant Chief of the Weather Bureau, he was trying to go much faster than the money
could be supplied.

H. T. - It was not so many years after numerical weather prediction became an established procedure that the first meteorological satellites were rocketed into orbit. How did
you feel about this?
F W R. - The idea came from secret military developments at meetings of the Joint
Meteorological Committee. We saw photographs taken from early rocket flights which
dramatically impressed on us the enormous potential aid these could be for weather
prediction. At the IUGG Assembly in Rome in 1954 there was talk in the corridors
about launching an Earth-orbiting satellite, and in fact three years later the Soviet
Union put up Sputnik-f. We were extremely excited when our own TIROS was so
succes.sful, and it encouraged us to push for a weather satellite service as part of our
routine facilities. The meteorological satellite has made all the difference in the world
to the accuracy of predicting the approach of storms to highly populated. areas and
thereby saving countless lives.

H. T. - When did you first became associated with IMO? I know that·you played an
important part in drawing up the Convention of WMO.
F W R. - The officers of the IMO called an Extraordinary Conference of Directors
(of Meteorological Services) in London in February 1946. Here I again met such
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personalities as Dr Theodor Hesselberg of Norway who had been President of the
International Meteorological Committee, and Sir Nelson K. Johnson of the United
Kingdom who was to preside over the famous Conference of Directors in Washington,
D. C. the following year which adopted the new Convention changing the IMO from a
non-governmental into a governmental organization-WMO. Now much of the credit
for drawing up the Convention must go to Hesselberg. During the Second World War
he had been reflecting deeply on the terms of an ideal constitution, and it was largely
his d:t:aft that we discussed in Paris at the meeting of the International Meteorological
Committee in June 1946 when we drew up the draft convention for approval by the
Washington Conference.

H. T. - You were a vice-president of the International Meteorological Committee and
of the Washington Conference, and First Congress in 1951 elected you first President of
WMO. You were also member of the Executive Committee until your retirement. In
retrospect, how ~o you view the organization in its early days?
F. W R. - The policies and concepts of the IMO bore more directly on the science of
meteorology and related technical aiij]ects because they arose from a consensus of the
Directors of Meteorological Service~, without having to take account of administrative
or political aspects. It is no criticism of the UN system of organizations but simply a
fact of life that all sorts of interests, opinions and plans have to be considered before a
major decision is taken by WMO nowadays. So I think in the early days the problems

Paris, Apri/1951 -At the First
World Meteorological
Congress. Left to right:
Dr Reichelderfer (President of
WMO 1951-1955);
Dr Th. Hesselberg (President of
IMO 1935-1946); Sir Nelson
Johnson (President of IMO
1946-1951); Mr Andre Viaut
(President of WMO 1955-1963)
(Photo: WMO)

were more straightforward and tangible, so that at the sessions of the Executive
Committee it was relatively easy to arrive at a consensus on programmes and budgets
which seemed to be in the best interests of Meteorological Services. The membership
was smaller which also helped. Some of us were opposed to enlarging the Committee,
not because we ignored the desire and right of other nations to be represented, but
because we knew that the Committee's proceedings would become more cumbersome.
However, we knew the changes would have to come, and I believe the decisions made
were wise and just. But nevertheless they made life considerably more complicated for
the Organization.
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H. T. -

How do you see WMO now and in the future?

F W R. - When you think how critical the weather and climate is to human beings
and wild life, an international organization dealing with meteorology and hydrology
just has to be one of the most important in the world. Among the specialized agencies
of the United Nations, I believe WMO is envied because it has managed to avoid some
of the divisive difficulties of a political nature which have been encountered elsewhere.
I sincerely hope that the present and future officers of WMO will take great care to
continue in this line, and foster the progress of science and the application of
meteorology rather than make administration the all-important consideration. I
remember that at the time satellites started to be used I felt the need for a United
Nations resolution which would define the role of WMO with respect to scientific
meteorology. Whereas I wanted the other agencies to have full freedom to act, I did not
want them to overwhelm the interests and responsibilities of WMO in this new domain.
Eventually a draft resolution was drawn up providing for inter-agency co-operation,
but with WMO having full responsibility, not only for strengthening national Meteorological Services, but also for the scientific research aspects which could not be

In Geneva after the award of the ninth !MO Prize in November 1964. Leji to
right: Mrs Reichelderfer; Or A. Nyberg, President of WMO; Mr A. Viaut,
former President; Or Reichelderfer; Mrs Viaut

separated from the Organization's role without causing harm. Later it came to my
notice that the draft had been changed by certain groups representing the academic
viewpoint to give more power to other agencies at the expense of WMO. I quickly
called up Secretary-General Davies and my colleague Andrew Thompson of the
Canadian Meteorological Service, and through other organs they were able to get the
draft changed back to essentially the original version. This gave rise to some misunderstanding and even a bit of ill feeling in certain quarters, but the resolution protected
WMO and allowed it to maintain its scientific interest in full co-operation with other
agencies concerned.
H: T. - You are a member of a great many learned societies, including the US Academy
of Sciences. Do these activities take up much of your time nowadays?
F W R. - The societies in fact take the time you choose to spend on them. I find that
there are others who devote the time needed on matters concerning, for instance, the
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special meteorological committees of the Academy, and although I was very active
earlier, I do not feel there is now the same need for my active participation. Iturn to
things which nobody else has taken up.
H. T. -

Can you say something about the awards you have received?

F. W R. - The United States Air Force International Service Awards are a recognition of meritorious co-operation in connexioh with wartime meteorological needs of
the USA and in collaboration with the Army, Air Force and Navy. My Cuban award
in 1944 (under the previous regime) arose from the extension of our national hurricane
warning service to include Cuba and for the provision of certain meteorological
equipment. Then I received the Second Order of the Sacred Treasure from Japan in
1960. I believe this was largely because of my active support of Japan's request to join
WMO. When I retired in 1963 I had a fine gold medal given to me by Andre Viaut on
behalf of the French Government. This was in recognition of my long years in international meteorol9gy, and it came as a complete surprise. As did the award to me of the
IMO Prize in 1964. I was highly appreciative of this decision by the Executive
Committee, particularly since in the past it had been given mostly to research scientists.

Or and Mrs Reichelderfer on the
occasion of their golden wedding
anniversary in June 1970 at Angola,
Indiana

H. T. - You have many publications to your credit. Were you able to continue your
scientific work after you became Chief of the Weather Bureau?
F W R. - No. I would really rather have been a scientist than an administrator, but
when I took up my appointment in December 1938 there were so many problems,
plans and possibilities that I no longer had any time for serious research work.

H. T. -

What about your leisure-time activities. Do you still do much gardening?

F W R. - I have never had 'green fingers' but I enjoy gardening and still grow some
vegetables nearby. In my youth I did farm work of all kinds during high school
vacation. I always loved swimming and played water basket-ball at university, in fact I
indulged in various water sports even when in my seventies. My son graduated from
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the US Naval Academy and so I got some sailing through that. Also there were
favourite seaside resorts where I enjoyed occasional vacations, with my son and my
wife Beatrice. In my closing remarks as President of WMO at Second Congress in 1955
I had an opportunity to express my appreciation for her vital assistance as my 'lifepartner', a role she continued to play until 1975, making a total of 55 happy years.
H. T. - What would you say to young people nowadays about making a career in
meteorology?

F. W. R. - I would say that the science of the weather certainly deserves close consideration. I believe there are great possibilities in technology and industry for meteorologists to advise about weather factors. Weather permeates everything mankind does. I
once had stationery printed with an inscription on the letterhead 'Meteorology - the
universal community of interest'. But while there are great opportunities for those
specializing in meteorology in the future, it will not be as easy as in the past. With the
processing of data by computer, the intimate personal involvement where you make
your weather forecast from beginning to end is no longer possible. Nevertheless if you
adjust yourself to the computer age and use mathematics, you have an equally
challenging and satisfactory career in front of you.
H. T. - Dr Reichelderfer, thank you for according me this interview. On behalf of the
readers of the WMO Bulletin may I congratulate you warmly on your long and fruitful
career and wish you many more years of active retirement.
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Or C. H. B. Priestley
Australia - a land ofparadox. Sixth largest country in the world with its 7. 7 million
square kilometres, it is the lowest and flattest continental land mass and yet among the
last to be developed; one of the most sparsely populated countries and yet highly
urbanized. It is dry; the average annual rainfall is only 47 cm compared with a mean of
72 cm for the Earth's land swfaces as a whole.
Melbourne is a modern cosmopolitan city, running a close second to Sydney as
Australia's largest. It is renowned for its theatres and its restaurants serving diverse ethnic
dishes and a variety of wines.

Dr C. H. B. Priestley

Dr Charles Henry Brian Priestley, known to his friends and colleagues simply as
'Bill', lives in an attractive and spacious apartment in the inner suburbs of Melbourne.
Standing about two metres tall, he greeted the Editor of the WMO Bulletin with his
customary smile. Clearly his enthusiasm for golf keeps him in excellent form now that he
no longer indulges in the more vigorous sports of hockey and cricket which used to be his
passion. Actually he was still dressed for the part in shorts and knee-length stockings. He
explained that they had moved in from the house they used to have by the sea when their
children were young so as to benefit from a better public transport service to concerts,
theatres, and gastronomic delights.
'Bill' Priestley was born at Highgate in northern London in 1915. He graduated with
first class honours in applied mathematics from Cambridge University in 1937, his fields of
specialization being hydrodynamics and thermodynamics. At the same time he picked up
the Mayhew Prize in applied mathematics. He enjoyed the life at Cambridge so much that
he stayed on for another year and took a degree in economics.
He entered the British Meteorological Office in April 1939, six months before the
outbreak of the Second World War. His first chief was 0. G. Sutton, later to become Sir
Graham Sutton, the Meteorological Office's Director-General. Since Priestley had not had
any training at all in meteorology, to start with Sutton gave him work on diffusion to
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occupy three-quarters of his time and instructed him· to spend the remaining quarter
reading up more widely on meteorology from the available literature. This he must have
done to very good effect. He gained an M.A. degree in I942 and an Sc.D. in I953.
Through the early I940s operational meteorology changed rapidly from a predominantly two-dimensional to a fully three-dimensional science. Palmim and the group at
Chicago University are properly credited with the discovery of the jet stream, but meteorologists in Europe were already well aware of the existence of very strong winds around the
300-hPa level. Owing to wartime restrictions, however, each had only a narrow belt of
longitudes to look at, so the streamlike connectivity was not recognized. In I943 Priestley
was attached to the newly-formed upper-air unit at the Meteorological Office
headquarters led by Sverre Petterssen. F A. Berson and 0. F T Roberts had selected
isobaric contour analysis as the method to be used, and in due course Petterssen and
Priestley wrote what was perhaps the first operational manual on this technique.
After the war Priestley took the decision to apply for a position of meteorologist with
the Commonwealth Scientific and Industrial Research Organization in Australia. In I946
he went with his newly-married wife to settle 'down under' and apparently had no difficulty
in doing so. Starting entirely on his own, he built up a group which was to become known
among atmospheric scientists the world over for its fundamental contributions to micrometeorology, agricultural meteorology, and larger-scale synoptic and dynamic
meteorology. Priestley's special interest lay in boundary-layer and micrometeorology, and
during the next 35 years applications ramified from agriculture into numerous other socioeconomic fields ranging from industrial plants, transportation and commodity storage to
human and animal health and soil and water conservation measures. At the same time he
was able to turn his mind to problems on a much larger scale, and in fact made the flrst
quantitative assessment of inter-latitude exchanges of momentum, heat and water vapour.
His monograph Turbulent transfer in the lower atmosphere was for long the standard
text on this subject, and he is the author of a lengthy article on microclimates in the
Encyclopaedia Britannica.
Dr Priestley was one of the eminent scientists entrusted with formulating and
planning the Global Atmospheric Research Programme, first as member of the WMO
Advisory Committee and subsequently as one of the founder members of the Joint
Organizing Committee for GARP. He has also served on two WMO working groups and
on three IAMAP commissions as well as its Executive Committee. It is to him we owe the
idea for the Historical Sea-swface Temperature Data project in which four WMO
Members collaborated in retrieving data on sea temperatures from different areas during
the past I20 years or so.
On his retirement from the CSIRO, Priestley was given a professorship by Monash
University in Melbourne and he thoroughly enjoyed the new experience of teaching and
the contact with students. Among the awards and distinctions conferred on him are the
Buchan Prize (1950) and Symons M{!morial Gold Medal (1967) by the Royal Meteorological Society, the /MO Prize (1973), and the Rossby Research Medal (1974) of the
American Meteorological Society. He is a Fellow, past Vice-President and Flinders
Medallist of the Australian Academy of Science.
The Editor of the WMO Bulletin is extremely grateful to Dr Priestley for having
accorded him the following interview which took place on Thursday, II February I982.
H. T - Dr Priestley, although you have been living for a long time now in
Australia, I gather that you originally came from England?

C. H. B. P. - Yes. I was born in Highgate on the outskirts of London, but when I was
two we moved further out towards the countryside. My father was a London business
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man. In due course I went to Mill Hill School, which was the first of the English socalled public schools to admit dissenters from the Church of England. Then I went on
to Cambridge University and studied mathematics, specializing in my final year in
applied aspects such as hydrodynamics, thermodynamics, waves, tides, optics and so
on. When I graduated in this, I did not feel inclined to take up an academic career, and
there were such good opportunities for sport at Cambridge, particularly cricket and
hockey which I loved, that I stayed on for another year and took a degree in
economics.
H. T :....__ What sort of job did you seek when you went down from Cambridge?

C. H. B. P. - It was then 1939, and although I looked around for a job in economics,
England was clearly preparing for war and there were few to be found. There were
possibilities in science, most of them war-oriented. I went for an interview with the
then Director of the Meteorological Office, Sir Nelson Johnson, who remarked that my
specialization in thermodynamics and hydrodynamics made meteorology a particularly suitable area for me to work. So I joined the Meteorological Office.
H. T -

What sort of work were you given, and who were your collaborators?

C. H. B. P. - I had no formal training in meteorology, but was posted straight away
to a research station at Porton Down in Wiltshire which was engaged in military work
under the leadership of Graham Sutton, as he was then, later to become Sir Graham
Sutton and Director of the Meteorological Office from 1953 to 1965. Our work focused
on turbulence in the boundary layer, and I was enormously lucky to have a man like
Sutton as chief. I learnt a great deal from him, not least the most effective way of going
about research. Initially he said he was giving me work on turbulent diffusion, but that
I should spend about a quarter of my time reading so as to acquire a reasonable
knowledge across the whole width of meteorology. He expected me to do this in a few
months, and he was right. I like to tell this story, not as a boast, but to illustrate how
much the subject has advanced in little more than a generation and the reasons for the
virtual disappearance of the all-round meteorologist. Sutton and I were both mathematicians by training. I took the place of P. A. Sheppard when he left to assist David
Brunt at the only university in England which offered a course in meteorology. I asked
Sutton why he had chosen me, a mathematician, to replace a physicist, and his answer
was that you can always turn a mathematician into a physicist, but not the other way
round. In fact, it is the mathematical type of thought rather than mathematical
techniques which I have been using all my life. Another colleague there was Frank
Pasquill, who was a year or so senior to me. Oddly enough, he was working exclusively
on evaporation whilst I was given work on problems of diffusion, and yet today
Pasquill is one of the world's leading authorities on diffusion, whereas I have not
published a single paper on diffusion but several on evaporation.
H. T -

I believe you visited Canada at about this time?

C. H. B. P. - The range at Porton Down proved too small for our experimental field
work, and Canada offered a collaborative effort with a much larger range. In 1941 a
team was sent there, one from each scientific discipline, and I was the meteorologist.
We had to initiate our Canadian colleagues and a number of Americans who came
along, and carry out field work on a much larger scale.
H. T - In 1943 you joined the newly-formed upper-air unit in the Meteorological
Office headquarters at Dunstable. Who were your colleagues there?
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C. H. B. P. - I worked under the direction of Sverre Petterssen, and he was the
second major influence in my scientific life. He was a completely different type of
meteorologist from Sutton; he might be described as one of the greatest meteorological
engineers. He had a way of 'cutting corners' in order to produce vivid and impressive
working results. Other colleagues were A. F. A. Berson and W. C. Swinbank with
whom I was to work (with one interval in Berson's case) for the next 25 years.
Swinbank was a physicist with remarkable insight, one of the few meteorologists of that
time to think of synoptics in terms of energy and thermodynamics, while Berson had a
similar insight into the dynamics of what was happening and an ability to express it
when drawing a synoptic map. I was thus extremely fortunate at having close contact
with four such diverse experts in my early years.
H. T. -

Can you tell about the pioneering work you did in upper-air analysis?

C. H. B. P. - Swinbank, Berson and I were three of a group of about seven upper-air
forecasters working duties round the clock, with Petterssen our supervisor. It was the
new need for precise navigation winds for high-flying aircraft which was our raison
d'etre. The work we were doing was pioneering only in the technical sense. I imagine
the same problems were being tackled in other countries, but of course there was no
communication because of wartime secrecy. Our problem was how best to construct a
series of upper-air charts, layer upon layer. The two original members of the group,
Berson and 0. F. T. Roberts, had decided that isobaric contour analysis was what we
should go for, where you successively build up each pressure surface-1000, 850, 700,
500, 300 and 200 hPa-from the level below by putting one chart on top of another
over a light-table and transposing, working forwards in time by modifying the height
differences, or thickness line patterns, which are much more conservative than the
contours or isobars themselves. Petterssen and I wrote up this technique in a manual
which was distributed around the Meteorological Office, but I do not know whether it
was actually published outside. Immediately after the war we had numerous visits to
Dunstable by foreign meteorologists who expressed great interest in our technique.
H. T. - When the war was over, I presume Petterssen returned to Norway. Who took
over from him?

C. H. B. P. - As a matter of fact I did, but only on an interim basis. The whole
Meteorological Office headquarters was in the process of being reorganized; key
people like Sutcliffe were now released from their military responsibilities and came
back into the Office. Earlier, in our few leisure moments, Swinbank and I used to talk
about boundary-layer problems in which we shared an interest, and had views about
vertical transfer which were at variance with the established ones developed by
C. I. Taylor, D. Brunt, and 0. G. Sutton. Now our paper was to come before the Meteorological Research Committee which Sir Nelson Johnson had set up. These three men
were members of it, in addition to Sydney Chap man (chairman), G. M. B. Dobson
(vice-chairman), E. Gold and Sir Charles Normand. What a list of names, and with
what trepidation we went before them! Ern est Gold was our sponsor and backed us to
the hilt, and to our pleasure both Normand and Dobson gave quiet but firm support.
This experience taught me much, especially that in a controversial discipline such as
meteorology even the best scientists must be prepared to rethink and to accept criticism
without rancour.
H. T. - In 1946 you accepted an appointment with the Commonwealth Scientific and
Industrial Research Organization in Australia. This was a big step to take. What made
you decide to leave your home country?
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C. H. B. P. - You must remember that as soon as I had completed my university
education the war broke out. Conditions during the war were rather unusual, and I had
not had time to grow permanent roots in England. The structure and way of life in
Australia was not unlike that in Great Britain, and I already had family connexions out
there; my uncle had been foundation professor of mathematics at Brisbane University.
Leaving my home country was not in itself a particularly traumatic experience, and
there was the attraction of building up something from scratch and doing it my own
way. Such an opportunity is rarely offered to a young man such as I then was, and it
was not to be turned down. At that time the primary industry of Australia was growing
crops and rearing sheep and cattle. What could be more important to this than weather
and climate? So CSIRO had decided to start a research programme in meteorology.
H. T. -

So to start with you were the only meteorologist in CSIRO?

C. H. B. P. - Yes, apart from Patrick Squires who had been appointed to another
division for radar research on clouds. I should explain that the lines of responsibility in
the organization were extremely short; at the top was a committee of three scientists
known as the Executive who were directly responsible to the cabinet minister. The
Executive decided which fields CSIRO should engage itself in, and appointed a chief
of division who was responsible to them. The chief could structure his own division
more or less as he wished. Once a person was appointed research scientist, he or she
could progress up to the highest level purely on the merit of research achievements,
without the need to wait for 'dead men's shoes'. I have yet to find an organization
structured on such liberal lines; it minimized the paper work and gave plenty of
freedom of action to the chiefs and individual scientists.

Cambridge (Massachusetts, USA), June 1951 -Participants in the Symposium on Atmospheric
Turbulence in the .Boundary Layer, held at the Massachusetts Institute of Technology.
Or Priestley is in the front row on the right. Second from the left in the front row is the late
Sir Graham Sutton

H. T. -

What line did you choose to follow, and how did it develop?

C. H. B. P. - As the principal field .I chose micrometeorology, not only because it was
a special interest of mine but also because it would have an immense potential for
application in the Australian industries I have just mentioned. To start with we built on
the work of the great Rudolf Geiger, and came to tackle the more fundamental

problems which had been the subject of my paper with Swinbank. We developed a lot
of microstructure instrumentation which was valuable in general field biology as well
as in our basic micrometeorological studies-probes around plants and animals
examining their heat and water balances. I also wanted to follow up some ideas in
dynamics, and did so, but we were careful not to infringe on what was properly the
sphere of the Bureau of Meteorology, namely direct forecasting research. We soon
found that in order to study micrometeorology in depth we had to have expertise in
radiation, so a radiation group was formed. In this way we gradually grew. I was alone
in 1947; by 1956 there were ten research scientists, and by 1970 there were 20 research
scientists and adequate technical support staff. By that time we were responsible for
maintaining the national calibration laboratory for anemometry and the WMO
Regional Association V standards for radiation and ozone instruments. So you see we
had consolidated our radiation, agricultural meteorology, dynamics, and general circulation work and branched out into ozone and some other fields of atmospheric
chemistry.
H. T. -

Was CSIRO involved at all in the training of research workers?

C. H. B. P. - We did not have formal training courses, but of course we helped to
train our colleagues from biology in the use of sensitive instruments and in applying
micrometeorological concepts in their own fields. We also received meteorologists
from other countries for advanced training and research experience in micrometeorology and its applications. Over twenty different countries sent meteorologists to us to
learn this work. Our own officers were invited abroad to give lectures or to participate
in research projects. Within CSIRO itself we went to much trouble to foster smaller
groups doing micrometeorology within biological divisions; two of these attained international status in their own right.

H. T. - You were the first to make a quantitative assessment of large-scale interlatitude exchanges of momentum, heat and water vapour. Could you please say something
about this?
C. H. B. P. - This came about rather curiously. Just before leaving England I had
written a paper on the dynamical control of atmospheric pressure. This had been
published with so many printing errors as to be virtually unintelligible. Many years
earlier, Harold Jeffreys had noted a paradox that the geostrophic approximation in the
pressure tendency equation gave magnitudes which implied that depressions and
anticyclones should move about with speeds of hundreds of kilometres per hour. The
paradox was removed by substituting a wind allowing approximately for trajectory
(not streamline) curvature, and the work was elaborated later to explain the typical size
of extra-tropical pressure systems and provided some useful rules for translation and
development. My approximation was a forerunner of the 'balance equation' developed
years later to rescue the early numerical forecast from massive errors deriving from the
same paradox. I have always considered this my best piece of work, but I think the
printing errors prevented it from gaining wider notice. However it was in my loneliness
of early 1947 that, pondering on Jeffreys, I recalled his classical deduction that
depressions and anticy.clones were not just disturbances but necessary agents in the
general circulation. This deduction could now be quantitatively tested by using data
from the best rawinsonde stations, calculating the poleward momentum and energy
fluxes. My initial calculations, verifying Jeffreys' deductions absolutely, were presented
by Brunt to the JAM (as it was then) at Helsinki in 1948. The work was continued for a
few years before yielding to the greater resources of two American pairs, BjerknesMintz and Starr-White, who had started independently at about the same time. There
was, however, a significant difference in approach in that they inclined to use analysed
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maps and read off the (quasi-geostrophic) winds, as opposed to my reliance on actual
wind measurements which thereby allowed estimates of the flux contributions from the
mean meridional circulations as well as the synoptic-scale 'eddies'.

H. T. - You also did pioneer work in vertical transfer processes at the Earth-atmosphere
interface, and your monograph* on turbulent transfer in the lower atmosphere was
accepted as authoritative at the time. What did you demonstrate in it?
C. H. B. P. - We set out to measure individual small eddies and their vertical motion
so that we could obtain directly the vertical fluxes of heat, momentum and water
vapour. This allowed us to compare the fluxes with the gradients and to derive laws to
relate them. I should have mentioned that by now I had been joined by E. Leonard
Deacon, who had been a colleague of mine under Sutton, and also by Bill Swinbank.
Swinbank took charge of instrumental developments which we had foreshadowed in
our joint paper presented to the MRC and also the field work over land, whilst Deacon
was responsible for field work over the oceans. At Petterssen's invitation I gave a
course of lectures at the University of Chicago in 1957 on our results, and these were
subsequently incorporated in the monograph you refer to. One contribution was to
establish the Jaws governing the vertical heat flux and the temperature profile under
conditions of free convection, and to discover that these laws were in fact valid even in
moderate winds. I also worked on parcel and plume theories of convection and, in
collaboration with F. K. Ball, first derived the law for the height of penetration of a
continuous plume through a temperature inversion without wind. There was also a
working theory for a plume bent over by a wind. We would have gone further in this
research, which is still widely pursued, but at that t\me there were no data to check our
theories against.

H. T. - I see from my notes that your micrometeorology studies were extremely wideranging--evaporation, water behaviour, energy balance, frost prevention, plants and
animals--as well as microclimatic studies on the physiology and diseases of plants and on
air-sea interaction. How many were you altogether to do this work?
C. H. B. P. - At the time we are talking about (the late 1950s) we were ten research
scientists and our work in fact covered much more than the topics you mention. I must
emphasize that we worked as a team, about six members contributing to the various
applied micrometeorology studies, many of which were quite major tasks in their own
right. Deacon had a flair for finding the most unexpected applications, and it was he
who made the most diverse contributions. I believe that we, as micrometeorologists,
can justly claim to have been pathfinders in what is now referred to by the much more
pretentious title of environmental science. I rather resented it when some meteorologists started to refer to us as 'ivory tower' scientists; 'worm's eye view' would have
been a more accurate description if they had wanted to be rude about us. When I
retired, a panel of Australian scientists.- who were not meteorologists- reviewed the
work we had done, and in their report tended to belittle our applied work in environmental science, saying that we should have done more to support weather forecasting.
This in spite of our understanding with the Bureau of Meteorology not to trespass in
their specialist domain. It only shows that it is impossible to please everybody.

H. T. - When did you have your first contact with IMO or WMO?
C. H. B. P. - I was a member of the IMO Aerological Commission in 1947, and some
years afterwards I was put on a working group of the WMO Commission for Climatology. At that time the president of CC\ was Professor Warren Thornthwaite, and the

* PRIESTLEY, C. H. B. (1959): Turbulent transfer in the lower atmosphere. University of
Chicago Press, USA. 130 pp.
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chairman of the working group--it was on microclimatology-was Dr M. H. Halstead.
Later still I was chairman of a three-man working group set up by the WMO
Commission for Aerology to draft a Technical Note on turbulent diffusion.* Frank
Pasquill contributed a review of theoretical results on turbulent diffusion, I wrote on
research into evaporation and the diffusion of water vapour in the lower layers, and
Bob McCormick wrote on the diffusion of air pollution in industrial regions. About the
same time, Deacon, Swinbank and I were commissioned by Unesco to write a review
on evaporation and the water balance as part of their Arid Zone Research Programme.
H. T. - From 1964 to 1969 you were a member of the WMO Advisory Committee, and
its chairman for the penultimate year. What were your impressions of the committee?

C. H. B. P. - I share the views expressed by Professor Sutcliffe ( WMO Bulletin 30 (3)
p. 178). Our main achievement was the liaison with ICSU in the context of GARP, and
I feel it was a mistake to disband the Advisory Committee in fear of overlapping with
the new Joint Organizing Committee for GARP. The JOC had a specific programme to
organize, whereas the Advisory Committee had given thoughts to much more general
problems such as the outer atmosphere, atmospheric chemistry and education in
meteorology (especially in the developing countries). We were a useful bridge between
Meteorological Services and the academic world. Be that as it may, it fell to me as
chairman to put the case for GARP as conceived by the Advisory Committee to the
WMO Executive Committee at its nineteenth session in 1967. This was my one and
only appearance in the large conference room in Geneva, and I was very apprehensive.
There was quite a lot of argument,' but the Advisory Committee's recommendations
were supported by several influential members of the Executive Committee and all was
well.
H. T. - It was in the Advisory Committee that you first put forward the idea of a project
to gather historical sea-surface temperature data. What were your main reasons?

C. H. B. P. - I'm glad you asked me this. In 1963 I had done a small piece of work
showing a correlation between sea-surface temperatures down the eastern coast of
Australia and rainfall in the months following, but I found that the available oceanographic data were very scrappy. I saw sea-surface temperatures as being a most useful
aid in long-range forecasting, and I knew that there was information on this parameter
in national archives going back 50 or even l 00 years which had never really been
looked at. If we could only use these data to establish good month-by-month values
throughout such a period for different sea areas, we should have a helpful tool for
forecasting anomalous seasons over land. People say that now with the satellites we can
get sea-surface temperature data with about as fine a spatial resolution as we like. That
is true, but it will be another 90 years before we have a time-series of satellite data to
compare with that which already exists over some of the more travelled parts of the
oceans. I am very glad to learn that the Historical Sea-surface Temperature Data
project eventually came to fruition. Meteorologists and oceanographers have reason to
be very grateful to the Federal Republic of Germany, the Netherlands, the United
Kingdom and the USA for their collaborative efforts.
H. T. -

Have you done much work on climate?

C. H. B. P. - As far as macroclimate is concerned, only a little. In the 1960s I wrote a
few short papers about the climate of Australia; as I just mentioned, I showed that
seasonal rainfall could be correlated with sea-surface temperature, and I also wrote a
general paper arguing that wherever water was not limiting, the air temperature and

* Turbulent
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diffusion in the atmosphere. Technical Note No. 24 (1958). WMO-No. 77.

that of exposed (wet) leaves would not exceed 33°C. But climate is to a substantial
extent generated upwards from the ground and, as explained, our group did extensive
work in microclimatology. You may have noticed that I am the author of quite a long
article on microclimates in the Encyclopaedia Britannica.
H. T. -

With which of the ICSU bodies have you been associated?

C. H. B. P. - I served on three of the commissions of IAMAP-the Commission on
Dynamic Meteorology and the Joint Commissions on Air-Sea Interaction and on
Evaporation-for several years; similarly on the ICSU Committee for Atmospheric
Sciences which, under the chairmanship of Bert Bolin, initiated the concept and development of GARP. I had two spells on the IAMAP Executive Committee, and was vicepresident during the term leading up to the IUGG Assembly at Grenoble in 1975. My
doctor advised me against standing for election as president because of the strain of
frequent travelling from remote Australia; but as chairman of the nominations
committee at Grenoble I had the pleasure of nominating for election Professor C. Junge
who proved to be an outstanding president.
H. T. - In 1967 you were appointed with eleven others as founder-member of the Joint
WMO/ICSU Organizing Committee for GARP. Are you satisfied with the way GARP
has been carried out?

C. H. B. P. - Indeed, I am. I must add that I only served on the JOC for the first four
years. Those who have crossed the world to and from Australia for short meetings will
appreciate the strain of doing so three of four times a year, as had been my lot, folding
myself double to get into an aircraft seat. Professor Rolando Garcia was secretary of
JOC at that critical time, and I should like to pay tribute to the outstanding work Bolin
and he did for the GARP. Apart from Garcia, I was the only member of the JOC from
the southern hemisphere, also the only southerner on the WMO Advisory Committee.
This responsibility had weighed on me quite heavily. Of the regional GARP experiments, our group was most closely involved in AMTEX (the Air Mass Transformation·
Experiment). You will remember that this was a study of very cold air blowing over the
much warmer water of the East China Sea, resulting in perhaps the most intense
convection anywhere in the world. Some of the techniques we had developed in
Australia were particularly suitable for AMTEX. As for the GARP Global Weather
Experiment, this was an important milestone for southern hemisphere meteorology.
Although research on the data has only just begun, I am confident that the benefit to
southern hemisphere weather forecasting will be amply demonstrated. In fact I deeply
regret that GARP has now been pushed aside to make way for the World Climate
Programme.
H. T. - Could you tell us something about the characteristic features of southern
hemisphere meteorology?

C. H. B. P. - There is very little land mass between about 40 and 63°S so the
westerlies are much stronger. Warm currents do set off southwards from the western
margins of the oceans in a similar manner to the Gulf Stream and the Kuro Shio in the
northern hemisphere, but because of the strength of the zonal Southern Ocean Current
and the presence of two quasi-continuous ocean 'fronts'-the Subtropical and
Antarctic Convergences-these warm currents do not penetrate polewards nearly as
far as their northern counterparts. Antarctica is a huge generator of cold air massesfar more effective than the Arctic-and so probably the jet stream associated with the
polar front is stronger, but we really know very little about it. It seems that the polar
front itself is not as well connected or as Earth-girdling as in the northern hemisphere.
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So I return to the very real need for concerted action in studying the southern
hemisphere circulation in more detail than has hitherto been possible. Along the
southern coast of Australia we have a unique geography, an ocean-continent boundary
running west-east with the ocean open to the Antarctic Circle. With dry heated land the
cold fronts in summer are greatly intensified, and I believe that this is the only region
in the world where the day-to-day variability of weather, and especially temperature, is
far greater in summer than in winter. So you see, we are at a big disadvantage in the
southern hemisphere not having the population, the wealth and the multitude of
meteorological institutions that exist in the north. We must rely on the northern
countries supporting world-wide projects such as the Global Weather Experiment from
which the principal beneficiaries are the southerners.

Or Priestley was presented with the !MO Prize on the occasion of the combined
Special Assembly of IAMAP and IAPSO at Melbourne in January 1974. Here
he is seen with Professor H. Lacombe (president of IAPSO), Dr S. Fritz
(president of IAMAP), the Hon. W. A. Borthwick (Minister of Conservation,
Lands and Soldier Settlement of the state of Victoria) and Sir Rutherford
Robertson (president of the Australian Academy of Science)

H. T. - Among the various awards yo~ have received for your scientific work, including
of course the IMO Prize in 1973, which do you value the most?
C. H. B. P. - In a way, I felt more honoured when I learnt that I had been nominated
for the IMO Prize than when I won it. This was because the nomination came from
someone who at the time I had never met and whose country I had never had the
pleasure of visiting, namely Dr Austin Bourke of Ireland. To me, this was a token of
the true internationalism of science. I have also received awards in the United
Kingdom and Australia which I value highly. But I have to admit that the award which
gave me greatest pleasure is the American Meteorological Society's highest honour,
the Carl-Gustav Rossby Research Medal. There are several reasons: it was totally
unexpected, I believe I was only the second non-American to receive it (the first being
Arnt Eliassen of Norway), it is named after a great scientist I have known and
admired, and the citation seems to be so perceptive. Let me read it to you: ' ... for his
fundamental contributions to the understanding of turbulent processes and the links
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between small-scale and large-scale dynamics in the atmosphere'. In the words of
Richardson's famous epigram, it has never been the big or the little fleas which have
intrigued me most, but the mechanisms of the biting process.
H. T. -

How have you spent your time since retiring from CSIRO?

C. H. B. P. - Monash University here in Melbourne very kindly gave me a part-time
professorship. This meant that I had all the dignity of a professor, but was only
expected to work for one-fifth of the time (for one-fifth of the salary, naturally). Giving
a course of instruction was a new experience for me and I enjoyed it immensely. But
there is an age limit even for part-time professors, and I have left the University now.
I am still interested in meteorology, and I love it when younger former colleagues who
are still working come and talk about what they are doing. Of course I visit them
sometimes, but I feel strongly that retired folk should not intrude into the work of the
younger people unless invited, so I much prefer them to take the initiative. My chief
scientific activity now is as part-time consultant-cum-chairman in connexion with a
scientific investigation of air pollution in the La Trobe valley about 150 km east of
Melbourne. The state of Victoria relies heavily on its vast deposits of brown coal for its
energy needs. However, this has obvious environmental drawbacks as you can
imagine, and we are trying to judge the ultimate regional environmental restraints to
this power source. There is a fine network of air quality observing points through the
valley, designed under the previous chairmanship of Dr Gibbs, but the forward
prediction is still a major research problem. Apart from that, I spend quite a lot of time
on the golf course. It is my principal outdoor recreation.
H. T. - You have never regretted emigrating? To someone living in Europe, Australia
seems so isolated.

C. H. B. P. - No I haven't. I love Australia; my children were all born here and I feel
identified with the country in every way except in support at cricket matches. When
you speak of isolation, it is a fact that Australia and New Zealand are not conveniently
situated for someone travelling between other points in the world to stop off for a
while. This means tha)t we only see professional colleagues who come deliberately to
spend their time with us; only very rarely are visitors just passing through. I must say I
miss the unexpected and helpful titbits of information that one picks up from casual
visitors. Nevertheless, I have been extremely fortunate in having been able to forge
good relationships with great people in many parts of the world. Places as far apart as
India, Japan, North America and Scandinavia, not to mention my own motherland. It
may surprise you to know-that although I worked for over seven years in the British
Meteorological Office, the circumstances at the time prevented me from meeting some
of my most eminent fellow-countrymen in meteorology. It was only thanks to the internationalism of meteorology that I subsequently came to meet men such as Sutcliffe,
Eady, Sawyer, Mason, Ashford and Charnock.
H. T. -

What do you believe will be the future thrust in meteorology?

C. H. B. P. - That is a big subject you raise. I doubt whether there will be any
completely new discoveries such as the jet stream or baroclinic instability, but then one
can never anticipate discoveries. It seems to me that the advances will come in
whichever areas management chooses to make their primary investment. I believe that
in the next 10-15 years the potential .for real progress will be much greater in the field
of forecasting than in climate, especially if we can recover some of our old skills. The
advent of the satellite and the computer were tremendous technological advances, but
the whole community got rather carried away by numerical weather prediction and lost
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some of its skill in interpreting the predicted pressure field in terms of weather. I would
not be at all surprised if our skill in that particular aspect has actually gone down since
I started in meteorology over 40 years ago. The experience and skill of men like
C. K. M. Douglas is virtually impossible to document, and much of it has been lost to
posterity because of the glamour of the new technological tools. Certainly these tools
are essential to progress, but I am convinced that at the same time we need to strive to
sharpen our insight in the area of chart interpretation, via the local mesometeorology.
Because of the infinite variety of land forms, it is much harder to formulate valid
generalizations in meso- than in micro- or macrometeorology. Another matter which I
feel has not improved much in my professional lifetime is the image of meteorology. In
spite of the advances in the services we render we have somehow failed to get across to
the general public, and even to scientists in other disciplines, what a challenging and
interesting subject meteorology is, and how it still needs encouragement. It seems to me
that the way to do this is through better education; not just at university but seeing that
our schoolchildren are accurately and interestingly taught the subject, imbuing in more
of them the desire to be a meteorologist. Then there will be pressure on universities to
give meteorology a higher status, and ultimately the meteorological community may
get a better share of the top scientific talent that it so badly needs.

H. T. - These words of wisdom will certainly strike a responsive chord among leaders in
meteorology the world over. Dr Priestley, thank you very much for having co-operated in
our series of interviews.

The Priestley Medal

The Australian Branch of the Royal Meteorological Society recently
announced the foundation of an award to be known as the Priestley Medal, in
recognition of Dr Priestley's contributions to the science of meteorology. It will be
awarded every two years for the most significant paper published during that time
period in the Australian Meteorological Magazine. The possibility of extending
eligibility to papers in other publications will be re-examined in five years' time.
Papers published in 1981 and 1982 will be considered for the first Priest fey Medal.
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Professor K. R. Ramanathan
Some 3500 years ago, the Indian subcontinent was invaded by Aryan tribes from
central Asia and one of the oldest continuous civilizations on Earth was founded. India is
the seventh largest country in the world and the second most populous, covering an area of
nearly 3.3 million square kilometres with some 685 million inhabitants. The climate ranges
from temperate to tropical, with average summer temperatures over the plains of around
30°C. There are heavy monsoons in June, July and August but the rainfall varies widely.
India's people nurture a heritage that developed Arabic numerals, the decimal system and
some of the earliest cotton cloth. Hindu sages gave mankind one of the most sophisticated
systems ever devised. The official language is Hindi, although English is used as well for
many official purposes. Altogether, 14 distinct languages and more than 500 dialects are
spoken in the country.

Professor K. R. Ramanathan

Bombay, that city of contrasts, was acquired from the Portuguese in 1661 by King
Charles II of England. It is a city which reclaims land from the sea for building
skyscrapers and yet is so short of housing that more than half of its eight million inhabitants live in nauseating slums. It is said that anyone can find work in Bombay, but
nowhere to live.
The Editor of the WMO Bulletin had to travel to Ahmedabad which is approximately one hour's flying time to the north of Bombay. The plane landed at about 8 p.m. on
Sunday 28 February 1982 which happened to be Professor Ramanathan 's 89th birthday.
The next morning Professor Ramanathan came personally to the hotel to take the Editor
to his office at the Physical Research Laboratory (PRL), where he is emeritus professor.
To the Editor's great surprise, he found that Professor P. R. Pisharoty, also an emeritus
professor, shared an office with Professor Ramanathan. Apparently these two great
scientists have worked in the same office for the past sixteen years; Professor Pisharoty
affirms that he had been experiencing the exhilarating presence of the grand old man.
Their desks were joined together in the form of an L. Both desks carried a mountain of
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publications. Their occasional exchanges of conversation were cordial and full of respect.
Apparently Professor Raman a than still does a great deal of reading, both at the office and
at home, and summarizes his findings for Professor Pisharoty every morning.
For those readers who do not know Professor Ramanathan in person, the following
cursory notes may be of assistance.
Professor Kalapathi Ramakrishna Ramanathan was born on 28 Febf!lary 1893. His
father was a Sanskrit scholar of eminence, who lectured, started a Sanskrit press and
applied innovative methods in teaching Sanskrit and vedantic and devotional literature.
Ramanathan was greatly influenced by his father. He had his primary school education in
Kalpathi and won a scholarship and also a prize for his handwriting, which remains
beautiful even today. He obtained a B.A. (Hons.) in physics and mathematics in 1914 at
the Presidency College in Madras. He started his career as a demonstrator in physics in
the same year at the Maharaja's College at Trivandrum. His interest in meteorology and
other activities at the observatory in Trivandrum made the authorities appoint him as an
honorary director. His first paper, on thunderstorms over Kerala, was probably published
in 1919 and so he has an unbroken record of scientific research work covering more than
six decades. In November 1921, Ramanathan took leave from Trivandrum and joined
Professor C. V. Raman in Calcutta as a research scholar. This was a major step in the
young man's life. In one year he published about a dozen substantial papers on molecular
scattering and X-ray diffraction, which won for him the first D.Sc. degree coriferred by the
University of Madras. For three years Ramanathan filled a post of assistant professor of
physics at Rangoon University, but he maintained close contact with Raman. Then, in
1925 he was appointed a senior scientist in the India Meteorological Department and
served there with distinction until he retired on 28 February 1948, having reached the age
o/55.
The very next day Professor Ramanathan started a new life as director of the newlyformed Physical Research Laboratory at Ahmedabad. He retired from that position in
1966 but, as we have seen, continues to work at the PRL as emeritus professor.
In his own country, Professor Ramanathan has served as president of the mathematics and physics section at the Indian Science Congress at Lahore in 1939; Founder
Fellow of the Indian Academy of Sciences and of the National Institute of Sciences of
India; chairman of the Central Board of Geophysics (now called the Geophysical
Research Board) from 1957 to 1972; chairman of a number of committees of the Indian
Council for Scientific and Industrial Research; chairman of the Board of Nuclear Sciences
of the Department of Atomic Energy from 1961 to 1968 and chairman of the Indian
National Committee for the International Hydrological Decade and the !HP from 1965 to
1976.
Further afield, he was elected president of the IUGG International Association of
Meteorology from 1951 to 1954;president of IUGG itselffrom 1954 to 1957 and president
of the International Ozone Commission from 1960 to 1967 (of which he is now honorary
member).
During the Second World War, Ramanathan gave of his best to the war effort in
meteorology. In recognition of his outstanding service and scientific eminence, the
Government of India awarded him the title Dewan Bahadur. He became a Fellow of the
Royal Meteorological Society in 1960 and the following year he was chosen winner of the
/MO Prize by the WMO Executive Committee. Finally the Government of India conferred
on him the Padma Bhushan award in 1965 and Padma Vibhusan in 1976.
Professor Ramanathan 's contribution to scientific knowledge is unique and will be
cherished by the present and future generations. India has its place in the world of science
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and should be proud of the dedicated services rendered by eminent scientists like
Ramanathan.
He is a benevolent and understanding person, who has won the devotion of a wide
circle of scientists in India and abroad. The great kindness he shows to those who seek his
help is proverbial. His mature guidance is still in demand.
The Editor is extremely grateful both to Professor Ramanathan for having
participated in this series of interviews and to Professor Pisharoty for his invaluable collaboration. May we wish these two eminent scientists continued success and constant good
health.

H. T. - Professor Ramanathan, perhaps you could start by telling me something about
your childhood and your parents.
K. R. R. - I was born on 28 February 1893 in a village called Kalpathi in the
southern Indian state of Kerala. The village stands on the bank of a river, with hills on
the farther side. I spent the first 16 years of my life in this equatorial monsoon area. My
ancestors belonged to a family of Hindu Brahmins who migrated to . Palghat from
Singanallur on the eastern side of the Ghats. My father's grandmother lost her husband
soon after she became pregnant, and she trekked in that condition from Singanallur
through the jungles of the Western Ghats to Palghat, where her brother had settled as a
Vedic priest. My father was also trained in the classical tradition of Vedic Sanskrit, but
being of an enquiring turn of mind, became an eminent Sanskrit scholar as well as an
expert in astronomy and astrology. He was equally at home in the Sanskrit, Tamil and
Malayalam languages. I was the only boy in the family, but I had five sisters, one older
than me, the others younger. Shortly before I was born my parents and grandparents
went on a pilgrimage to Rameswaram, and there I experienced in utero a Bay of
Bengal cyclone. I went to primary and lower secondary school in Kalpathi, where I
managed to win a scholarship and also a prize for handwriting. Then I went to Victoria
College, Palghat, for my high school and intermediate classes.
H. T. -

Which subjects did you choose?

K. R. R. - I took mathematics, physics and chemistry as main subjects. However, we
also had a certain amount of physiology to learn, including laboratory work. Because
the physiology teacher was an orthodox Brahmin and would have nothing to do with
dissecting animals, he had to get the assistance of a practising doctor to cut up frogs
and rats to demonstrate anatomy. In 1911, I was lucky enough to get enrolled for a
B.A. honours degree course in physics (there was no B.Sc. then) at the prestigious
Presidency College in Madras. The professor of physics, a Professor Jones, was also in
charge of the Madras Observatory. There we were shown the barometer and other
instruments, and given some elementary instruction in meteorology, for instance the
difference in the periods and quantities of rainfall between Madras on the east coast
and our home town near the west coast of the Indian peninsula. When I took my
degree finals in 1914, one of the examiners was Professor Stephenson from the
Maharaja's College in Trivandrum. He must have liked my work, because immediately
after the results were announced he offered me a job as demonstrator in physics at that
college. I accepted and started immediately, I was happy to be in Trivandrum, and my
father liked it too-the Maharajas of Travancore were patrons of Sanskrit scholarship.
I enjoyed my work at the college.

H. T. -

Did you do any research in Trivandrum?

K. R. R. - I had no research guide, but enough academic freedom to do as I wanted.
I did a few research experiments and also gained expertise in laboratory skills such as
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glass-blowing. There was an observatory in Trivandrum for astronomy, meteorology
and geomagnetism. A Scottish professor named John Allan Broun had come to
southern India to study geomagnetism near the Equator, and also to make meteorological observations at different levels up to about 1800 m on the slopes of the Western
Ghats. I became interested in his observations and those which had subsequently been
made at the observatory, and found that the frequency of thunderstorms and heavy
rain was greatest in May and October. My first published paper was on this subject. I
was able to visit most of the raingauges in the state of Travancore (as it then was),
many of which were located at European plantations, and I prepared quite a detailed
rainfall map of the area. I was also able to point out an error that was being made in
the humidity data released by the observatory for publication. The authorities appreciated my interest and made me honorary director of the Trivandrum observatory in
1918.
H. T - I have been told that Professor C. V. Raman was your hero even in your early
students days. Is that so?
K. R. R. - That is perfectly true. As you are no doubt aware, Sir Chandrasekhar
Venkata Raman F. R. S. was awarded the Nobel Prize for physics in 1930 for his work
on the scattering of light, when he described what is now known as the 'Raman effect'.
Whilst I was at Trivandrum I studied with great interest Professor Raman's articles in
Nature and other scientific journals. Later I did some work myself on the scattering of
light, and corresponded with Professor Raman. When he became professor of physics
in 1921 he asked me whether I would not like to go and work with him at the Indian
Association for the Cultivation of Science in Calcutta. I obtained leave from the
authorities at Trivandrum, and the University of Madras was good enough to give me a
research scholarship, and with this I went north to Calcutta.
H. T -

What happened then?

K. R. R. - Well, I arrived in Calcutta on a November afternoon and Professor
Raman happened to be away. However, I met Mr L. A. Ramdas who was working for
his M.Sc. at Calcutta University. He showed me around and invited me to stay at his
home. His parents welcomed me very warmly; as it happened his father was a great
admirer and friend of my father. After a few days Professor Raman returned to
Calcutta and at once invited me to stay with him. I could not have chosen a better time
to start my research in Calcutta. Professor Raman had just communicated his epochmaking paper Molecular scattering of light in water and the colour of the sea for publication in the Proceedings of the Royal Society, and he was furiously working out an
exciting research programme on the phenomenon since he was fully convinced that
critical laboratory investigations of the scattering of light by various substances in solid,
liquid or gaseous form was bound to lead to a deeper understanding of the structure of
the molecules. He was also working on his famous book Molecular diffraction of light
which was published during the early months of 1922. With prophetic vision, Raman
outlined the many fields of work that were to keep him and his many disciples enthusiastically occupied for the next twelve years. Even the quantum aspects were
foreshadowed, and the germs of the 'Raman effect', not actually postulated until 1928,
could be traced back to this book.
H. T - I believe you undertook investigations on the scattering of light and submitted
your D.Sc. thesis in record time?
K. R. R. - Even before I went to Calcutta I had mastered the available literature in
that field, and I lost no time in embarking, with Raman's guidance, on a series of
studies on variations of the intensity and percentage of the de-polarization of scattered
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light when substances like ether, benzene and carbon dioxide passed from the liquid to
the gaseous phase. It did need a fair bit of skill to improvise the high-pressure glass
containers for these substances which had to undergo large temperature changes, and
to ensure that the fine pencil of scattered light was clearly visible against an absolutely
dark background, as well as to measure succ~ssfully the intensity of this rather weak
phenomenon and its polarization characteristics. We also initiated studies on the role
of concentration of components in light-scattering by liquid mixtures, and extended the
ideas of the fluctuations theory to the understanding of X-ray diffraction by liquids. In
less than a year, I sent my thesis to the University of Madras. As a matter of fact I
received the first D.Sc. awarded by that university.

This photograph was taken in April 1946 when Professor Ramanathan (second
from left, front row) was Officer on Special Duty to plan the reorganization of
the Meteorological Department. With him are three senior officers of the
Department, the Director of Civil Aviation, and the Minister in charge of the
Department of Posts and Air

H. T - In 1922 you took up a post in the University of Rangoon. Was this for financial
reasons or was it the challenge?
K. R. R. - My salary from Trivandrum was very small and I badly needed to
increase my income for my family, so when a visiting professor asked me whether I
could fill a post at Rangoon I put it to Professor Raman who agreed that in the circumstances I had better accept. Therefore I left before the end of the year to become
assistant lecturer in physics at the University of Rangoon. I should add that at that time
Burma was still a province of India. Fortunately I could keep up my connexion with
Professor Raman and his group, and besides using my free time at Rangoon for
continuing research on light-scattering, I spent my vacations at Calcutta. In fact, on the
sea voyage between the two places I made observations of the reflected light from the
sea and took samples of the water. I noted the transition from the pure blue of the deep
part of the Bay of Bengal to light of a slightly longer wavelength (towards green) as we
approached the coast. In September 1923 I published a paper on these observations in
the Philosophical Magazine. I treasure the memories of these vacation visits since they
provided me with the opportunity for interesting discussions of our research problem;
we had the bond of a common quest and complete mutual understanding.
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H. T. water?

It was at this time that you thought of studying the scattering of light by pure

K. R. R. - Yes, it was during my visit to Calcutta in the summer of 1923 that I
concentrated on an intensive examination of the molecular diffraction of light by
water.. I found some unexpected polarization effects, and in an attempt to explain this I
was led to suspect weak fluorescence being mixed up with the normal scattering. So I
set myself the task of eliminating any possibility of effects due to fluorescent impurities.
However, under the powerful mental concentration of Professor Raman, this
phenomenon was explained by the scattered light undergoing modification in its
wavelength as the consequence of the water molecules absorbing energy corresponding
to their characteristic infra-red oscillations. In other words the 'Raman effect'. I
thoroughly enjoyed my periodic visits to Calcutta. After a hard working day, we used
to spend the evenings walking to the Calcutta Maidan *. Occasionally we went to the
cinema. We were a happy and jolly group. I remember that one of us, Ashu Babu by
name, had a weakness for second-hand articles because they were so much cheaper. On
one occasion he made us eat second-hand, over-ripe bananas and lozenges, with
disastrous results on the health of all of us. Another incident that I recall is when we
were walking in town and I unwittingly put my left foot almost in the mouth of one of
those powerful temple bulls that roam the streets of Calcutta. This one was lying
quietly on the sidewalk, and as my foot came down uttered a very loud roar of protest.
I was so surprised that I leapt six feet into the air, landing neatly on the other side of
the offended creature. I was complimented on my agility.

H. T. -

When did you join the India Meteorological Department?

K. R. R. - Sir Gilbert Walker, then Director-General of Observatories, came to
Rangoon in 1923 with Or (later Sir Charles) Normand, a senior meteorologist in the India
Meteorological Department. They were anxious to recruit Indian scientists (up to that
time practically all the senior posts were occupied by British people) and they offered
me a Class I position in the Department. After consulting Professor Raman I accepted
the offer, and moved to Simla in 1925, which in those days was where the headquarters
of the India Meteorological Department was located. I could still carry on some work
on light-scattering, and my paper Sky illumination of sunrise and sunset was published
as a memoir of the Department. I would like to point out that in the 1920s and even
later, the number of universities and research institutions in India was very small
indeed, so that many young and accomplished physicists of the time had no option but
to join the Meteorological Department. I am glad to say that the situation has now
improved enormously in this respect. Anyway, it was not very long before I moved
again, this time to Bombay to take charge of the Colaba and Alibag observatories.

H. T. -

I believe that about this time you entered the field of upper-air meteorology?

K. R. R. - With the birth of aviation came the need for information on winds,
temperature and humidity in the free atmosphere, and I was put in charge of upper-air
studies at the observatory at Agra. We released hydrogen-filled balloons carrying tiny
sensitive meteorographs up into the higher atmosphere. At first our studies were mostly
on the troposphere, but later we extended these up to 30-35 km. Such data were very
rare, of course, but I collected and examined all I could find and worked out the first
diagram portraying the zonal vertical thermal structure of the Earth's atmosphere. We
showed that the major temperature lapse-rate discontinuity, known as the tropopause,

*An open common in an otherwise built-up area.
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is low over the polar regions and high above the equatorial zone. This was probably my
first breakthrough in the physics of the upper atmosphere. In 1927 Sir Gilbert Walker
was succeeded by Sir Charles Normand as Director-General of Observatories. In 1928
the headquarters of the Meteorological Department was moved from Simla to new
accommodation at Pune (in those days written Poona), find Sir Charles asked me to
organize the new upper-air division there. As soon as we had settled in, I started a
comprehensive and in-depth study of the upper atmosphere over India and neighbouring areas, and made a systematic analysis of the upper winds. This permitted
charts showing mean upper winds to be published which were used by weather
forecasters throughout India. Pune was a good educational centre and many physics
graduates from local colleges came to us as voluntary postgraduate research scholars.
We carried out some investigations in atmospheric physics and thermodynamics,
radiative exchanges, solar and terrestrial radiation, and so forth. The outcome was a
flow of publications by my collaborators and myself during the next two decades. You
should remember that the Meteorological Department was then also responsible for
activities in other disciplines, notably geomagnetism and solar physics. As well as being
in charge of the Colaba and Alibag magnetic and seismological observatories I was
also for a short time director of the Kodaikanal solar physics observatory. I hope I was
to a certain extent instrumental in these two institutions having since become the
autonomous Indian Institute of Geomagnetism and Indian Institute of Astrophysics.

The Secretary-General of WMO, Mr D. A.
Davies, reading the IMO Prize citation to
Professor Ramanathan at the presentation
ceremony in New Delhi on 29 January 1962
!Photo: Puniab Photo Sell'ice)

H. T. -

When did you do your work on tropical cyclones?

K. R. R. - At the same time that I was preparing the mean upper-wind charts, I was
carrying out investigations into the structure of typical depressions. I was looking into
the relationship between the upper-air field and disturbances on the synoptic scale.
This led on to documenting case-studies of tropical cyclones and trying to fathom out
their structure, movement and evolution. I remember that I organized a special investigation of the Bay of Bengal storm which crossed the coast of India on 13 November
1933. Ten meteorograph ascents were made from Madras on this occasion, and we
subsequently had animated discussions on all the data we obtained.

H. T. -

What led you to become interested in atmospheric ozone?

K. R. R. - We had realized that there was absorption of solar radiation in the upper
atmosphere. Then I learnt with interest of the work of scientists such as Dobson in
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England and Vassy in France on atmospheric ozone, and at the beginning of the 1930s
we started to make our own ozone observations at Kodaikanal, Pune and Delhi. By the
mid-1940s we had devised ways of correcting observations for atmospheric scattering
by aerosols and so could continue our observations even under conditions of turbidity.

H. T. work?

So this brings us to the time of the Second World War. How did this affect your

K. R. R. - During the war I was given the designation Superintending Meteorologist,
and I assisted Sir Charles Normand during those difficult years. Sir Charles left in 1944
and I was then given the job of planning the reorganization of the Meteorological
Department so as to improve weather services for the country. That went on until I
retired from the India Meteorological Department on 28 February 1948, having
reached the age of 55, which in those days was the age when one was superannuated.
H. T. - For you, however, it was no more than a milestone in your career since I
understand that the following day, 1 March 1948, you were appointed director of the
newly-formed Physical Research Laboratory at Ahmedabad. • '
K. R. R. - Shortly before I retired from the Department I had met Dr Vikram
A Sarabhai, and it was through him that I was offered the post in Ahmedabad. The
purpose was to build up a new centre to carry out research into unsolved problems of
the Earth's atmosphere, the ionosphere, cosmic rays and so on. Just about the same
time I received another invitation, this time from Or M. S. Jayakar, vice-chancellor of
the University of Pune, who wanted me to organize and direct a faculty of physics at
the university. However I had already accepted the offer from Ahmedabad and so had
to decline. With enthusiastic co-operation from Or Sarabhai, and financial support by
industrial enterprises wishing to see Ahmedabad develop as an intellectual centre, I
was privileged to be director of the Physical Research Laboratory as it grew from
modest beginnings to become one of the finest research laboratories in India where a
great number of highly competent people carry out research work under conditions of
complete intellectual freedom.
H. T. - Is it true that up to the time of your retirement from the Meteorological
Department in 1948 you had never gone abroad?

K. R. R. - That is absolutely true, if you remember that Burma formed part of India
between 1886 and 1937. Many of my colleagues find it difficult to believe that my first
visit abroad was in 1948 when the PRL sent me on a study tour to Europe to see what
developments were taking place in the subjects we wished to cover. During the trip I
visited the National Physics Laboratory in England and saw that they were developing
an automatic ionospheric recorder. I ordered one of these for the PRL, and with this as
impetus the ionospheric group was formed at Ahmedabad. I was also able to attend the
eighth General Assembly of IUGG at Oslo were I presented a paper written by Dr
R. V. Karandikar and myself on the work done in India on atmospheric ozone. The
International Association of Meteorology (as it then was) elected me its vice-president.
H. T. -

This was the first time you had been personally involved in activities of IUGG?

K. R. R. - It was certainly the first time I had held office in an ICSU body. Atthe
ninth IUGG General Assembly at Brussels in 1951, I was elected president of lAM,
and at the tenth General Assembly at Rome three years later, I remember that, as my
presidential address to the Association, I presented a paper on atmospheric ozone and
the general circulation of the atmosphere. At that Assembly I was most honoured to be
elected president of IUGG for the period 1954 to 1957. At this point I should mention
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a major event which was taking shape in a number of unions under ICSU. At a
meeting in 1950 of the Mixed Commission for the Ionosphere (of which three scientific
unions were members) Dr L. V. Berkner and ProfessorS. Chapman made the proposal
for an International Geophysical Year (IGY) in 1957/1958*. The programme would
consist of an intensive study of the sun as well as global investigations into various
aspects of Earth sciences. India was among the countries which readily agreed to
participate, and a National IGY Committee was formed by the Indian Council of
Scientific and Industrial Research. The Committee had its headquarters in New Delhi,
and I was designated president. It continued in existence until 1978,.

At a Seminar on Earth Sciences organized by the Indian Geophysical Union at
Hyderabad in December 1964

H. T. - Could we now come back to what goes on at this Physical Research Laboratory;
for the benefit of readers perhaps you could say something about the institution?

K. R. R. - The PRL was founded in November 1947, on the initiative of Dr Sarabhai
whom I mentioned a moment ago. It stemmed from an agreement between the
Karmakshetra Education Foundation and the Ahmedabad Education Society-both
non-governmental bodies. Today it is maintained as a public trust under a quadripartite agreement, with grants from the Foundation and the Society as well as from the
Government of Gujarat State, and the Government of India through its Department of
Space. At present there are about 120 scientists, supported by nearly 400 scientific,
technical and other staff. Being a meteorologist, I brought with me a considerable
amount of meteorological equipment when I was appointed director in 1948, and we
set up a micrometeorological field station on the campus. Meteorological parameters
were very important in studying their effects on the cosmic ray measurements
conducted by Dr Sarabhai. In addition to regular meteorological observations, we
made special boundary-layer measurements using a tower and balloons. I also brought

* See

WMO Bulletin 31 (3) pp. 222-231.
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with me an ozone spectrome~er, and after we had improved it we made regular
observations at Ahmedabad. Then, when we realized that better observations could be
obtained from a site with less atmospheric turbidity, we took the instrument to Mount
Abu, about 200 km north of Ahmedabad and at a height of some 1200 metres. In 1955
a second ozone observation station was set up another 1000 km further north at
Gulmarg (near Srinagar) at 2650 metres. Meanwhile, the India Meteorological
Department maintained ozone stations at Delhi, Kodaikanal and Calcutta, and there
was another run by the Hindu University at Varanasi (formerly Benares). I served as
the principal co-ordinator for work on ozone in India. As for airglow studies, I made
the first low-latitude airglow and spectrum analysis at Pune back in 1930, and these
studies were continued by some of my students in Pune who determined variations of
airglow by visual and photographic methods. Then Dandekar and Bhonshe
constructed a modern type of photoelectric sensor, and systematic observations were
taken during the period 1956-1959 which, of course, included the IGY. The ionospheric
group at the PRL started its work in the early part of 1951. With Sitharam I analysed
the available ionospheric data at low-latitude stations in India in order to find how the
maximum density varied with latitude and season and so on. The total solar eclipse of
25 February 1952 gave a big impetus to this study, which was repeated during
subsequent eclipses. In due course the rocket-launching station was set up at Thumba,
near Trivandrum (also close to the magnetic equator), and at my suggestion an ionospheric research station was established nearby which has helped us greatly in understanding the dynamics of the low-latitude ionosphere. During the early period, the
overall programme of the Laboratory was an integrated study of the different kinds of
radiation-corpuscular and electromagnetic--received at the Earth's surface, and the
effects of this radiation. This concept is nicely conveyed by the Laboratory's symbol
representing the sun and the Earth and their interaction. The PRL has now developed
its research programmes to cover a wide spectrum of disciplines such as aeronomy,
archaeology, astronomy, astrophysics, atomic physics, climatology, cosmophysics,
geomagnetism, hydrology, meteorology, molecular physics, nuclear geophysics and
nuclear and plasma physics.
H. T. - I understand that the PRL is also involved in space research studies.
K. R. R. - That is true. Since 1962 the Laboratory has played an important role in the
country's space research activities. That year Dr Sarabhai became chairman of the
Indian Space Research Organization (ISRO), and entrusted the planning, management
and execution of space research activities to the Laboratory. In fact the PRL became
the cradle for the ISRO, generating as it did a large number of qualified scientists
through their participation in space research activities. The involvement of the PRL in
the IGY, and my personal contacts with IUGG, contributed significantly to building
up our pool of scientific personnel. In 1972 the Indian Government created a new
Department of Space. In 1966, when I resigned the directorship of the PRL, handing it
over to Dr Sarabhai, I remained as a member of the Council of Management and as
emeritus professor. I do not know how long I am going to stay on the Council.*
H. T. - This is really a remarkable career. Some five years of various duties before
joining the Indian Meteorological Service, 19 years in the Service, then 23 years in the
PRL and this only brings us up to 1966. Yet you still come to the Laboratory every day?
K. R. R. - Yes, every day except when I am abroad or elsewhere in India. I used
often to take part in scientific meetings on behalf of either the PRL or some other insti*Note: On 2 March 1982 when the Editor met Professor Ramanathan again to continue the
interview, he learnt that Ramanathan had offered his resignation as member of the Council in
order to give an opportunity to a younger scientist. So he attended his last Council meeting when
the Editor was still there.
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tution in India, but now this is less frequent, in fact the last time I went on this type of
mission was in 1979/1980. From time to time young scientists come to me at the PRL to
discuss things, but I am no longer what you might call scientifically active, and of
course I draw no salary. I should mention that I keep up my interest in hydrological
activities; I am an adviser to our national committee for Unesco's International
Hydrological Programme (IHP), and I attend meetings regularly.

At the Third International
Symposium on Equatorial
Aeronomy held at the PRL in
Ahmedabad in February 1969.
Left to right: Professor Vikram
A. Sarabhai, Professor
Ramanathan, Mrs Sarabhai and
Professor S. Chapman

H. T. -

What about your activities in conjunction with. the Community Science Centre?

K. R. R. - It is evident that a nation's development is intimately linked with the
understanding and application of science and technology by its people. Gaining a
sound understanding of the physical and social environments in which we live is the
most urgent task which faces humanity. The need to promote and render science
universally accessible is at the core of the problem of education today, and this
becomes more and more difficult with the population explosion. So the quest to make
education relevant to the needs of a vast country like India led to the creation in
Ahmedabad of a group for the Improvement of Science Education under
Dr Sarabhai's leadership. It was felt that in order to try to make our educational system
more effective, a faculty should be set up where new theories about teaching science
and mathematics could be tried out. Thus was established the Community Science
Centre. People come to the Centre with their children to learn something about science,
and teachers and scientists put to the test their new ideas on teaching and learning.
Students come to carry out experiments using the centre's facilities. We organize
exhibitions, science film shows and popular lectures. There are laboratories, a
workshop, hobby corners, a library and audio-visual equipment. Since the centre is
quite close to the PRL I go there quite often to work, to teach children, use the library
and participate in meetings.
H. T. -

How many national awards and recognitions have you received?

K. R. R. - In India I received the Padma Bhushan in 1965, and the Padma Vibhusan
in 1976. These ~wards are given by the President of India for distinguished work. I also
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received the Aryabhatta Medal in 1977. In the international arena, as you know, I
received from WMO the IMO Prize in 1961.
H. T. - Now we come to my last question. What advice would you give to a young person
who wants to study meteorology?

K. R. R. - I regard meteorology as being a cardinal element of nature, one which
affects all living beings on Earth. But meteorology must not be studied in isolation of
other elements. What happens in the atmosphere in the vicinity of human settlements is
of the utmost importance to the inhabitants' way of life. Heat and moisture are critical
parameters for the yield of agricultural produce on which the human race depends for
its survival. It is essential to take an interest in sunlight, water and all forms of life.
H. T. - Professor Ramanathan, thank you very much for the opportunity to conduct an
interview with you and for the great trouble you have gone to. I hope that the Indian nation
and the world in general may continue to benefit from your rich experience and wisdom
for many years to come.
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Sir Charles Normand
Among the historic towns of England, none rank higher than Winchester. The
invading Romans found a Celtic stronghold on the River Itch en which they proceeded to
develop into a city they called Venta Belgarum. Alfred the Great, King of Saxon England
in the ninth century AD, declared Winchester the national capital and it retained this status
for two centuries after the Norman Conquest in 1066. Work began on building the present
cathedral (on the site of the former Saxon cathedral) before the death of William the
Conqueror, and took 300 years to complete. With a length of 170 m it is one of the longest
in Europe. The cathedral is dedicated to the Holy Trinity and to St. Peter, St. Paul and
St. Swithun. The latter served as Bishop of Winchester and died in the year 862. At his
request he was buried outside in the churchyard so that the rain could fall upon him.
However, a little over a hundred years later his remains were exhumed and reburied inside
the original cathedral, and according to legend this so enraged the bishop's spirit that he
caused it to rain for 40 days. That gave rise to the surprisingly tenacious folklore that if it
rains on St. Swithun 's Day (1 5 July) it will rain for 40 days.

Sir Charles Normand
!Phoro: H. Taha;

Many of the treasures of the Norman cathedral were demolished or confiscated in the
name of the Reformation in the sixteenth and seventeenth centuries. With the Restoration
in 1660 a start was made on redressment, and during the past 150 years a lot has been
done to restore the interior decorations and to repair and strengthen the structure, so that
even if much still remains to be done, hordes of visitors are attracted to Winchester to
admire the splendour and beauty of this majestic edifice. However, the reason that the
Editor of the WMO Bulletin went there was to meet the eminent nonagenarian meteorologist, Sir Charles Normand.
Charles William Blyth Normand was born in Edinburgh on 10 September 1889. Son
of a pharmaceutical chemist, he was the youngest of the four boys in the family. He went
to the Royal High School and the University of Edinburgh, obtained an M.A. with first
class honours in mathematics and physics, and subsequently a doctorate. He was a
research scholar at Edinburgh University from 19ll to 1913 before joining the India
Meteorological Department (!MD). His association with the !MD lasted some 32 years
except for a break during the First World War. He learned meteorology under his
colleagues Gilbert Walker, lames Field and George Simpson.
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During the First World War he served as an officer in the Indian Army Reserve, and
was posted to Mesopotamia (Iraq) in May 1916 as meteorological officer. He made
regular pilot balloon observations during his stay there, collected his own data and
conceived some theories concerning wet bulb temperatures and the thermodynamics of the
air. His first papers on these subjects were published as Indian Meteorological Memoirs
during the period 1919-1922. This work culminated with the publication of his most
famous paper (1938) entitled 'On instability from water vapour'. His theories describing
the thermodynamics governing stability and instability of the atmosphere became an
essential part of the training of all meteorologists. It is said that he had the inspiration to
study this problem when he was lying on his bed in Iraq on a hot summer afternoon, the
wet sheets which the servants hung up in his tent substantially relieving the discomfort of
the local environment.
Charles Normand returned to India in 1919. In 1926 work started on a new building
for the headquarters of the India Meteorological Department in Pune. In April1927, Field
left India and Normand replaced him as Director-General of Observatories. He had been
the last British scientist to be appointed in the /MD and was by then almost the only one
left. The period 1928-1939 marked a period of continuous expansion. This included the
establishment of new pilot balloon stations, instrument workshops and greater thrusts in
agricultural meteorology. This expansion went on to reach a peak during the years
1939-1944 because of the special demands of the Second World War. In September 1944,
at the age of 55, Normand retired officially from his post in India but continued his liaison
with military services and as chairman of a few meteorological committees. In mid-1945
he returned to the United Kingdom.
Normandfirst went to Cambridge and spent his time at the observatory there in 1945
and 1946. Then from 1946 to 1959 the Royal Meteorological Society gave him honoraria
to work on atmospheric ozone with Professor G. M. B. Dobson in Oxford. When the International Ozone Commission was established, Dobson became its president and Sir
Charles its secretary. The two scientists worked hard at improving Dobson 's ozone
instrument. By the time the International Geophysical Year came along, there were ozone
spectrophotometers to be found in regions far and wide, including the Arctic and Antarctic.
The IGY activities over, Sir Charles retired for the second time in 1959 at the age of 70.
In 1972 he moved to Winchester to live with his son who is a professor of child health
in nearby Southampton. He was very happy in the company of his son, daughter-in-law

(who is a medical consultant) and grandchildren whom he helped a great deal with their
higher school and university work. Before leaving Oxford, he had been closely involved in
working out equations and calculations relating to his son's research. As announced in the
last issue, he died peacefully on 25 October 1982.
Sir Charles Normand received the following awards: Companion of the Order of
Indian Empire (1938); Symons Gold Medal of the Royal Meteorological Society (1944);
Knight (Bachelor) (1945); Honorary membership of the American Meteorological Society
(1953); Honorary fellowship of the Royal Meteorological Society (1976). He was president
of the Mathematics and Physics Section, Indian Science Congress (1931 and 1938) and
founder member of the Indian Academy of Sciences. He was the author of many scientific
papers.
This interview took place in Winchester on 18 May 1982. The Editor immensely
enjoyed meeting Sir Charles. He will always remember the visit to Winchester cathedral in
the company of the grand old man who expounded so enthusiastically on its history.
H. T. - Sir Charles, I should first like to ask you about your family background and
your childhood. You are Scottish I believe?
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C. W B. N. - I can trace my forebears back through many generations, and all came
from Fife in eastern Scotland. My father was born into a large family on a farm, but
since he was a younger soh he was able fo branch out from agriculture and became a
pharmaceutical chemist. My mother's father and brother were both captains of sailing
ships. I was the youngest of four boys, being born on 10 September 1889. It was
fortunate for my brothers and me that Father had settled in Edinburgh because of the
much better educational possibilities. I went to the Royal High School; in those days
all schools of that type devoted most of their curricula to Latin, Greek and mathematics-the classics were believed to be best for training the young mind. Since mathematics had been my strongest subject at school, I opted for science when I went on to
the University of Edinburgh, and graduated in 1911 with an M.A. (first class honours)
in mathematics and natural philosophy (i.e. physics) and a B.Sc. in advanced
chemistry. Actually I had followed almost the same course as my elder brother ten
years earlier.
H. T. - I understand that the results led to your being offered a research
scholarship?

C. W B. N. - It was the Professor of Chemistry, Sir James Walker, who suggested
postgraduate work and arranged a Carnegie Scholarship. My work was a straightforward examination of the action of halogens on silver and other substances. The
results were published in the Journal of the Chemical Society in 1912, and constituted
my first paper. Then I went on to do work on catalysis under Sir James Walker and
found this field far more interesting and stimulating. But although a report was written,
there were no clear-cut results and it was never published.
H. T. stage?

It does not seem that you had set your mind on a career in meteorology at this

C. W B. N. - Not in the least. But I was anxious to travel abroad. I might have gone
to work with Professor Gilbert Lewis in America, and Sir James would have arranged
for me to be offered a research fellowship to work with Professor Philippe-Auguste
Guye in Geneva. However, at that moment I had a note from the University's physics
department saying that the Royal Society was seeking nominations for a post of
meteorologist in India, and could they put my name forward? I said yes, but I have to
admit that meteorology was not then the prime motivating factor. My eldest brother
had gone out to India in 1902-he was Professor of Chemistry at the Royalston
College in Bombay-and his weekly letters home had told me much about India and
made me want to know more. Well, I was called for an interview in London with the
Secretary of the Royal Society, Sir Arthur Schuster, and Mr J. H. Field of the India
Meteorological Department, and although my knowledge of meteorology was patently
scanty I was offered the post of 'imperial meteorologist' and embarked in September
1913 for the three-week sea voyage to Bombay. People who could afford it travelled by
train across France to join the ship at Marseilles, reducing the journey time to nearer a
fortnight, but that was not the norm for government servants. The headquarters of the
India Meteorological Department was then at Simla, 2200 m up in the foothills of the
Himalayas; it took two nights and a day to get there by train from Bombay.
H. T. others?

The title 'imperial meteorologist' sounds most impressive! Were there many

C. W B. N. - This title rather amused us. I believe the purpose was to show that we
were directly under the Central Government of India rather than under a provincial
government. J. H. Field had been so recruited in 1904, J. Patterson in 1905 and G. C.

125

(later Sir George) Simpson in 1907. The Director-General of Observatories was
Dr G. T. (later Sir Gilbert) Walker F. R. S. who had been appointed ten years earlier.
These were scientists of extremely high calibre and provided intellectual resources
comparable to those in any Meteorological Service in the world. I took the place of
John Patterson who had recently gone to join the Meteorological Service in Canada. In
due course he was to become head of that service, Simpson was to become head of the
British Meteorological Office, and Field was to become Director-General of Observatories when Sir Gilbert retired and was appointed Professor of Meteorology at
Imperial College, London.
H. T. -

What sort of work did you do when you started in Simla?

C. W B. N. - The head office of the India Meteorological Department was located in
a crumbling old building held together with beams and scaffolding. It had previously
been a cabinet minister's residence, but had been declared unfit for that purpose. I
remember that my first jobs had been to take charge of the seismograph and supervise
the calculation of the times of moonrise and moonset at Peshawar and Quetta each day
in 1914. There were few books on meteorology, and I was immensely lucky to have
such gifted and friendly men as Walker, Field and Simpson to introduce me to the
subject. A few months after my arrival, Field went down to Delhi to start an upper-air
observatory at Agra. However, Simpson and I were staying at the same hotel; we
walked to work together and had our meals together so that I had plenty of opportunity to learn from him. Only the year before, Simpson had returned from the historic
British expedition to the Antarctic when Scott and four companions had perished on
their trek back to base from the South Pole.
H. T. - I see that from 1915 to 1919 you served as an officer in the Indian Army
Reserve. How did that come about?

C. W. B. N. - When the First World War broke out I wanted to join up in the army,
but at first the Government would not allow its civil servants to do so. However, in
1915 I got the necessary permission and was temporarily released from the Meteorological Department to serve in the Mahratta infantry regiment. In May 1915 I received
orders to go to Mesopotamia and to report to HQ Intelligence. They needed someone
to forecast wind, rainfall, duststorms, river floods and so on. Now it seems that
Simpson, after visiting the area, had advised the army that, given the existing infrastructure, 'young Normand' would be just as capable of performing these duties as any
more senior officer. Because it seemed odd for a meteorological officer to be in the
infantry, I was transferred to the Sappers and Miners with the rank of second
lieutenant. Arrangements were made with military hospitals in southern Iraq to make
surface observations, and with the help of an artillery sergeant I myself made pilot
balloon ascents each morning as soon as it was light. I prevailed upon the meteorological officer in Cyprus to send me cocjed messages whenever a depression reached or
formed over the eastern Mediterranean.
H. T. -

Did you spend the rest of the wartime period in Mesopotamia?

C. W. B. N. - Yes, but I did not need to be at HQ Intelligence all the time. Provided I
were attainable by telephone if needed, I was free to visit any of the other units which
would have me. Thus I camped with the Royal Flying Corps (RFC), a Royal Navy
kite-balloon section, an anti-aircraft unit and an RFC kite-balloon section. The
tethered balloons were used to carry up observers to direct artillery fire on the enemy
positions. At first the commander of the naval section jibbed a bit at having an army
officer in his unit, but this attitude changed one morning after his balloon encountered
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an unexpectedly strong wind at about 100 m, broke its cable and carried the observer
helplessly away over the desert. The army had to mobilize a cavalry squadron to chase
the balloon and rescue the observer. After that they were pleased to have me as one of
the naval section for the winter 1916/17. Let me tell you of another way in which I was
able to help the balloon unit. They found that in Iraq their balloon would only rise to
somewhere around 150 m, whereas in France it easily reached 700-800 m. They put
this down to the fact that the atmosphere in Iraq was less dense (although of course in
winter it was comparable with summer conditions in France). I felt that the problem
was due to air getting into the balloon as well as hydrogen-there was a long length of
canvas tubing from the hydrogen generator on a river barge to the filling site-but
since they were following to the letter their book of rules for inflating the aerostat, they
were not disposed to take the word of a second lieutenant in the army! However,
effusion tests bore out my theory, and when remedial steps were taken the balloon rose
without trouble to its design ceiling. All in all, my three years in Mesopotamia were a
rich experience in applied meteorology, and it was most satisfying to live and work
among the people I was serving rather than issuing bulletins to an ill-defined set of
users with no human contact.

H. T. - If I understand right, tribute was paid to your work when you were mentioned in
dispatches?
C. W. B. N. - It is customary after any major military campaign for the commanding
officer to write a report about it which reaches high levels in the government's war
office. This naturally incorporates reports from unit commanders who may on
occasion mention the names of a few individuals who have contributed in some way to
success. I suspect that I owe my name being mentioned in dispatches to the naval unit
commander rather than to HQ Intelligence.

H. T. - In 1919 at the end of the war you wrote two papers: 'Meteorological conditions
affecting aviation in Mesopotamia' and 'Climate and weather in Iraq'. Can you say
something about them?
C. W. B. N. - The first I wrote in answer to a specific question from the British
Meteorological Office. I believe it was Ernest Gold who passed it on to the Royal
Meteorological Society for publication. As for the second, weather observations had
been made for several years at the British consulates in Basra and Baghdad, archaeologists had made observations at, for example, Babylon and Nineveh (Mosul), there
were the observations from the military hospitals plus my own upper-wind soundings
covering a period of two and a half years. At the end of hostilities in November 1918 I
was ordered to return to my unit, then in charge of a pontoon bridge across the River
Tigris. Therefore I had to do something with the instruments and data, so I sought an
interview with the Civil Commissioner in Baghdad. The result was that I became a
temporary member of his staff whilst I awaited permission to return to India, and used
the time to write the monograph 'Climate and weather in Iraq'. Incidentally, my
sergeant remained in Iraq after I left; they wanted to start up a Weather Service
there.

H. T. - When you were demobilized you returned to the India Meteorological
Department headquarters in Simla. What sort of work did you do?
C. W. B. N. - Of course in 1914 and 1915 I had only been learning about the various
branches, with a spell at the Agra upper-air observatory and a few months in charge of
magnetic observations at Bombay and Alibag. On my return to Simla in April 1919 I
was able to do some part-time research, but then at the end of that year George
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Simpson left to become head of the British Met. Office, which meant that administration became my lot, any research being relegated to my spare time. Sir Gilbert
Walker retired in 1924 and J. H. Field took his place as Director-General of Observatories. He did not miss any opportunity of impressing upon the Government the
need to increase the number of meteorologist posts in the Department.
Dr Ramanathan (see WMO Bulletin 32 (I) pp. 3-14) joined us the following year, and
by the end of 1926 five more Indian meteorologists had arrived. They still needed to be
trained, however. The building in Simla was really no longer habitable, and Field got
through plans for a new headquarters to be built at Pune (Poona as we wrote it in those
days). It was in 1926 during a period of leave in Europe that I spent a highly
enlightening seven weeks in Bergen with Jack Bjerknes and Tor Bergeron. Bergeron
was placing emphasis on the concept of air masses and the quasi-stationary fronts on
which waves were prone to develop. At that stage I do not believe he had got round to
publishing any significant papers on the subject. Back in Simla I attempted to pass on
some of the 'Bergen school' ideas to the new recruits, hoping they would put some
physical interpretation on the daily changes of weather.

The former headquarters of the India Meteorological Department at Pune
(Photo: India .\1ereoro/ogical Departmellf)

H. T - I go back a little in time to ask you about the paper 'Dust-raising winds in
Mesopotamia' which you wrote in 1921.

C. W B. N. - There was a medicaf practitioner in Agra who had made a splendid
series of observations on the soaring flight of birds, at the same time also recording his
observations of dust-raising winds. I thought it would be useful to compare his records
with my own in Iraq and those of other authors. Dust may be raised by local
turbulence (dust-devils), by frontal passages (normally associated with cumulonimbus)
or simply by high winds at the surface. The latter were particularly dangerous for
aviation because they could last for a good many hours. I know of several cases when
aircraft took off in clear calm conditions of early morning, and were surprised by the
onset of strong surface winds at around 08 or 09 h local time which raised such a thick
dust haze that they could not find their landing strip and crashed when they ran out of
fuel.
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H. T. - In spite of your increasing administrative duties, you published a number of
other papers during the period 1921-1925, on such subjects as wet-bulb potential
temperature and storm tracks.
·
C. W B. N. - Atmospheric thermodynamics was always a special interest of mine. A
disturbance develops as a result of the air previously having been in a metastable state;
what was it that gave the final push? I liken it to an avalanche caused by just so much
extra snowfall tilting the balance to overcome the resistance to shear and static friction.
Well, the paper on storm tracks over the Arabian Sea and Bay of Bengal was simply an
updated version of a series of charts for each month originally published some 20 years
earlier. My paper on wet-bulb temperature was published in 1921 as a memoir of the
India Meteorological Department, and in it my philosophy was that the wet-bulb
temperature has other significance than merely for deriving relative humidity. Apjohn's
formula* relating wet- and dry-bulb temperatures with humidity does provide correct
results, whatever doubts may be cast on the validity of its derivation. It implies that the
heat content of any air equals the heat content of saturated air at its wet-bulb
temperature. Also the entropy of a sample of air is equal to the entropy of the same air
saturated at its wet-bulb temperature minus the entropy of the additional water
required to saturate it. Several conclusions can be drawn: the wet-bulb potential
temperature of any parcel of air remains constant throughout any adiabatic changes
the parcel may undergo; in a parcel of air rising adiabatically, the values of its drybulb, wet-bulb and dew-point temperatures respectively follow the dry adiabatic,
saturated adiabatic and dew-point curves to meet at a point which corresponds to the
condensation level.**

H. T - In 1927 the time had come for Mr Field to retire, and you were appointed
Director-General of Observatories in his place even though you were still not yet 40 years
old. How did you feel about this?
C. W B. N. - I felt that it was due to fortuitous circumstances-Patterson and
Simpson would both have been senior to me had they not left the Department-rather
than any outstanding merit. As I said earlier, Field had fought for and obtained more
meteorologists, as well as new premises at Pune which were soon to be ready for
occupation. So my first two years in office were under anything but settled conditions
as we moved the entire headquarters from the Himalayan foothiJls down to the .
Mahratta country centred on Pune-almost 1500 km as the crow flies, with a different
climate and different local culture. By this time there was only one other British officer
in the India Meteorological Department, namely Dr Royds who was director of the
Kodaikanal Observatory and fully engaged in solar physics. Indian colleges were now
producing graduates in mathematics and physics of a very high standard, so there was
a fine field from which to choose recruits. I had splendid colleagues to help me achieve
the ten-fold expansion that took place during my 15 years in office. In several respects
the move was a good thing: it gave new stimulus to the staff, we went to an area where
we were strangers, we had much more space and better facilities and so could organize
ourselves into half-a-dozen separate sections and thus develop specializations and give
rein to initiative, and nevertheless the Department as a whole was a well-knit; happy
team. We made substantial advances in upper-air climatology, atmospheric physics,
synoptic meteorology in the tropics, instrumentation and micrometeorology (the latter
through the creation of a section for agricultural meteorology).

* Pw- P = 0.00075H (I- 111.) [1- 0.008 (t- /11.)], where P, .. is the saturated vapour pressure
at temperature 111 ., P is the actual vapour pressure at temperature I, and H is the barometric
pressure.
** Sir Charles Normand's theories were subsequently taken up in Physical and Dynamical
Meteorology by David Brunt (Macmillan and Cambridge University Press, 1934) and Dynamic
Meteorology by Bernhard Haurwitz (McGraw-Hill Book Co. Inc., 1941).
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H. T. - It seems you still managed to publish several more papers in spite of your
administrative duties. Would you say that your interest shifted more towards studies of the
energetics of the atmosphere?

C. W B. N. - No, it was not really a shift of interest. Margules on energetics and
thermodynamic diagrams had always formed an important background for me. When
Napier Shaw's tephigram was first published it became a challenge to see how many
problems could be solved on it. The energy that would be released from certain
unstable states-those calculated by Margules-could be. As you see, I had a great
respect and affection for Margules. When I first joined the Department there were no
textbooks in English on meteorology, instead I had to read original papers suggested
by Walker and Simpson, and these included Cleveland Abbe's collections with translations from Neuhoff, Von Bezold and Margules. I can never forget Margules's
pathetic opening sentence saying that he was forced to write his paper hurriedly, and
with it bid farewell to meteorology, and it was sadder still to learn after the First World
War that he had been living as a hermit and died from malnutrition resulting from the
difficult economic conditions in Austria. Did he have too sensitive a nature for our real
world? At all events the science of meteorology was the poorer for his silence.
H. T. - You were president of mathematics and physics at the Indian Science Congress
in 1931 and again in 1938. Could you please tell me something about this?

C. W. B. N. - The Science Congress in India was modelled on the British
Association. Scientists from all disciplines meet together for a week or ten days once
every year, the venue shifting each time. In 1931 it was at Nagpur and in 1938 at
Calcutta. The Calcutta congress was a special one because it was held jointly with the
British Association. In my section there were to be papers from such eminent people as
Lord Rutherford, Sir James Jeans, Sir Charles Darwin (the physicist) and Sir Arthur
Eddington, among others. Actually Lord Rutherford was to have been president of the
whole Congress, but sadly he died on 19 October 1937 after a very short illness. Only
two days previously I had received a letter from him giving the title of his address to
my section.
H. T - You were also founder fellow of the National Science Academy of India. How
did this body come into being?

C. W. B. N. - This was another society modelled on a British one, namely the Royal
Society. The move towards forming such an institution started in the early 1930s, the
purpose being to have a forum which would be recognized and listened to by the
Government. I was a member of a small group of scientists from diverse disciplines
which drew up a draft constitution, and the Indian National Science Institute (later
renamed Academy) was created in 1935. The annual intake was, and possibly still is,
limited to 15 persons. I must be almost the only surviving founder-member.
H. T - In 1944 you reached the age of 55 and so retired from your post as DirectorGeneral of Observatories, but you stayed on performing special duties for the Government
of India. What were these duties?

C. W. B. N. - The Second World War was still raging when I reached the age of
superannuation, and the purpose was to relieve the pressure on my successor,
Dr S. K. Banerji, in such matters as maintaining liaison with the military sector and
serving as chairman of two committees which dealt with military meteorological
requirements. I was also sent to the United Kingdom to report on the latest developments in the domain of meteorological telecommunication systems, upper-air observations and meteorological research in general.
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H. T. - You finally left India in 1945 and returned to the United Kingdom, whereupon
you were nominated member of the Air Ministry's Meteorological Research Committee.
What was the function of that committee?

C. W. B. N. - It was in 1941 that the then Secretary of State for Air, Sir Archibald
Sinclair, formally established the Meteorological Research Committee. There were then
four meteorologists from the academic side (ProfessorS. Chapman (the first chairman),
Professor D. Brunt, Or G. M. B. Dobson and Professor C. I. Taylor) in addition to the
Director-General of the Meteorological Office, plus representatives of the Admiralty,
the Air Staff and civil aviation. In 1945 the quota of meteorologists external to the Met.
Office was increased to five, and I was invited to fill the extra seat. I think the main
function of the MRC was to advise the Government as to requirements for developing
meteorology in general and the Met. Office's services in particular. For instance, I seem

Or Normand greets
Or S. K. Banerji who was to
succeed him as
Director-General -of
Observatories in 1944.
Or K. R. Ramanathan is also
present (see WMO Bulletin
32 (I) pp. 3-14)

to remember Dobson pressing for a more detailed three-dimensional examination of
fronts, and later on we strongly supported Sir Graham Sutton's appeal to the
Government for an electronic computer. At meetings of the MRC we would usually
hear one or two members of the staff of the Met. Office reporting on their current
research work and this was always interesting. I think perhaps the greatest benefit of
the MRC lay in its serving as a point of contact between the Met. Office and the
university sector. Dobson succeeded Chapman as chairman in 1947, followed by Brunt
from 1952 to 1955 and myself from 1955 to 1958.
H. T. - It seems that back in England you embarked on a new phase of your career
when you took up the study of atmospheric ozone in association with Dobson. What led to
this?

C. W. B. N. - My acquaintance with Dobson dates from 1939 when I had visited him
at his private laboratory in Oxford-we were in the process of acquiring one of his
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ozone spectrometers for use in India. In 1946 he wrote to me asking whether I would
join him in his programme of work on atmospheric ozone. I found this invitation very
attractive, but I had some doubts as to my suitability. We talked it over, and I agreed to
join him on a provisional basis as from October of that year. As it was we became great
friends and I continued until 1959. At first the main tasks were improving the
spectrometer and its calibration, then incorporating a photometer which greatly
increased the sensitivity of the instrument and permitted the use of still shorter
wavelengths in the UV range. The eighth General Assembly of IUGG at Oslo in 1948
sanctioned the creation of an International Ozone Commission, and Dobson was
designated its president and I its secretary. We were particularly anxious to achieve a
better world-wide network of stations using the Dobson spectrophotometer; at first

Dr G. M. B. Dobson (left) and
Sir Charles packing an ozone
spectrophotometer for use in
the Antarctic during the IGY

countries needed some persuasion, but as preparations for the International
Geophysical Year intensified, requests --;ame rolling in. All instruments were formally
calibrated at Oxford before shipment to their destination, and in this we had the
assistance of Dr R. H. Kay and then of Dr C. D. Walshaw. We undertook the
collection and publishing of ozone data; during the IGY there were about
50 instruments located at all latitudes from the Arctic to the Antarctic. It was a great
privilege for me to work for a dozen years alongside such a brilliant physicist and
experimentalist as Dobson and to enjoy his friendship.
H. T. lation?

Did the ozone studies lead to any better understanding of the atmospheric circu-

C. W: B. N. - Variations in ozone amounts with latitude and with season is largely a
result of air motions in the stratosphere, and thus they can offer clues to the circulation
at that layer of the atmosphere. However, there is no marked linkage with processes in
the troposphere.
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H. T. - You were president of the Royal Meteorological Society from 1951 to 1953.
What memories do you keep of that period?

C. W B. N. - Primarily of meeting other meteorologists in the flesh. In India I had
only known most of them by name and by the content of their written work. Professor
P. A. Sheppard was the Society's secretary at that time, and it cemented a friendship
with that delightful man. We would lunch together before a meeting and run through
the agenda. Sheppard was a splendid representative of British meteorology. Then I
remember that in 1953 there was a joint meeting in Toronto with the American
Meteorological Society and I was joint chairman with Professor H. Byers, president of
the AMS. I was most agreeably surprised to be awarded honorary membership of the
AMS. After the meeting I spent three weeks up at the Geophysical Institute in
Fairbanks, Alaska, then visited Jack Bjerknes in Los Angeles and finally called in at
the U.S. Weather Bureau in Washington, D.C. I was careful to explain everywhere I
went the reasons for our global ozone observing programme.

A meeting of the Meteorological Research Committee in 1957. Seated, left to
n'ght: Sir Graham Sutton (Director-General of the Meteorological Office),
Professor P. A. Sheppard, Sir Charles Normand (chairman), Professor
D. Brunt, Dr G. M. B. Dobson. Standing, left to right: Mr R. F. Jones,
(unidentified), Dr J. M. Stagg, Dr T. W. Wormell, (unidentified), (unidentified),
Dr R. C. Sutcliffe
{ Pho10: Crown

copyn~~ht)

H. T. - You were knighted in 1945. Do you know how many people there are who have
received that accolade?

C. W B. N. - I believe the number of knights living today is between 4000 and 4500.
My knighthood is Knight (Bachelor). Some other more senior orders are Knight
Commander of the Order of the British Empire (KBE), Knight Commander of the
Otder of the Bath (KCB) and Knight Commander of the Order of St. Michael and
St. George (KCMG). Some knights-the baronets-have a hereditary title.
H. T. -

Which of your awards gave you the greatest pleasure?

C. W B. N. - Because it was so unexpected, I prize the Symons Gold Medal awarded
to me by the Royal Meteorological Society in 1944. At that time I had not been in
Britain for five years, it was a critical moment in the war in the East, and the news of
the award was all the more gratifying. I was also specially pleased to be given a
knighthood because it is a title shared by one's wife, and in my case this was so well
merited!
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H. T. - What other events connected with your professional life stand out in your
memory?
C. W B. N. - It is so invidious to single out events, that if you permit me I shall be a
shade flippant. I remember that shortly after I had arrived in India the postman
delivered a letter from someone local addressed 'Mr Normand, Mythological Office'!
They must have thought that summed up our profession pretty well.

H. T - You have been living in Winchester with your son and daughter-in-law for ten
years. Do you still maintain any contacts with meteorology?
C. W. B. N. - I receive journals such as the Bulletin of the AMS, the Quarterly
Journal of the Royal Meteorological Society, but I am afraid that reading tires me very
quickly. No, I have to admit that my pastimes nowadays are crosswords and similar
puzzles and watching sport, especially rugby, on television. My deafness is rather a
handicap.
·

H. T. - My last question is always the same--do you have any advice to offer a young
person thinking of becoming a meteorologist today?
C. W. B. N. - Times change so rapidly nowadays. Old age should not advise, it may
only modestly suggest. I would say that as thorough a knowledge of certain branches of
mathematics and physics as a young person of 21 or 22 can acquire will always
constitute a sound foundation.

H. T. - Sir Charles, the alacrity with which you have answered my questions belies the
fact that you will soon be 93, and I can only congratulate you on coming through such an
exhausting ordeal with such patience. On behalf of the readers of the WMO Bulletin I
should like to express gratitude to you not only for having agreed to be interviewed, but
also for the great contributions you have made to our science during your long and illustrious career. Thank you very much.
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Professor H. Flohn
Some joker once said that Bonn is half as big and twice as dead as the Central
Cemetery of Chicago. Throughout the Federal Republic of Germany it is often ironically
referred to as the 'Federal Village'. Nevertheless, as the seat of the government of one of
the world's most highly developed countries (the Federal Republic of Germany ranked
fourth in terms of gross national product in 1978), the importance of Bonn cannot be
denied. Being the country's political centre has certainly contributed greatly to the recent
growth of Bonn, but it has many older claims to fame. Ludwig van Beethoven, the pioneer
of 'romantic' music, was born here in 1770. The Beethoven Hall, an excellent example of
modern architecture, is where the election of the president of the Federal Republic takes
place every five years. Villa Hammerschmidt, the presidential residence, and the
Bundeshaus, the seat ofparliament (Bundestag), are close to the shores of the River Rhine
a short distance south-east of the town centre.
The Editor had come to this clean and attractive city on a pleasant August day to
meet Professor Hermann Flohn. The interview took place in the University of Bonn's
Meteorological Institute which Professor Flohn had built up from nothing. But before
being introduced to him readers might be interested to learn some little-known facts about
a celebrated countryman of his in the eighteenth and nineteenth century, namely Johann
Wolfgang Goethe.

Professor Hermann Flohn

Goethe was born on 28 August 1749 in Frankfort-on-Main. A journalist, painter,
poet, dramatist and theatrical manager, novelist, critic, educational theorist, scientist,
natural philosopher and statesman, Goethe was possibly the last European with the multifaceted intellectual brilliance that characterized Renaissance personalities. Apparently his
physiology was very sensitive to changes in the weather and this led him to take a scientific
interest in meteorology.
In the decade 1810-1820 there was a series of hard winters and very cool wet
summers, especially after the eruption of Tambora (Indonesia) in 1815. As minister in the
Grand Duchy of Saxe- Weimar responsible for all institutions of science and the arts,
Goethe was charged with establishing a network of meteorological stations, Incidentally,
this was one of the first government-sponsored station networks as opposed to those set up
by academic institutions. The network functioned from 1821 until Goethe retired ten years
later at the age of 81, whereupon it was discontinued for reasons of economy (each of the
four observers had been paid a salary in the region of US $10 per annum). Goethe himself
had been very interested in the work and had a time-series diagram constructed of
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atmospheric pressure from day to day at different stations. His data led him to the strange
conclusion that the Earth's gravitational force was time-dependent and variable, this being
manifested in the pressure variations. He published his findings in 1825.
Goethe was a keen observer of clouds and introduced Howard's cloud classification
to the general public through several poems. At about this time a professor ofphysics at the
University of Leipzig made the first synoptic studies from the old records of the Palatinate
network (1780-1795) (seeWMO Bulletin 29 (4) pp. 235-238) and sent a reprint of his
paper to Goethe. Apparently Goethe found no time to look at it since, after his death on
22 March 1832 in Weimar, the paper was found unopened.
Some 80 years later another person was born at Frankfurt-on-Main who was
destined to become a famous meteorologist-Hermann Flohn. He studied mathematics,
physics, meteorology, geography and geology in Frankfurt, with a short spell at Innsbruck,
obtaining his doctorate in 1934. He thereupon joined the German Meteorological Service.
By the age of 23, it was clear that Flohn was going to pursue an important career.
Following the Second World War he became director of research in the newly-formed
Weather Service of the Federal Republic of Germany in 1952, and held that position for
the next nine years. During that period, meteorological research, particularly in the field of
numerical weather prediction, had gained considerable importance in the USA, the USSR,
the United Kingdom and in Scandinavian countries. Flohn, who had already been
involved in general circulation research, was instrumental in acquiring electronic
computers and introducing numerical modelling into routine daily weather forecasting in
the Federal Republic of Germany.
In 1961 Flohn was invited to open a new meteorological institute as part of the
University of Bonn. A building was constructed and occupied in 1966. Very soon it gained
international recognition and visitors from abroad as well as local students sought entry. A
wide range of lectures was offered.
Flohn's chief interest and area of specialization is climatology, and his main desire
has been to use climatic evidence of various kinds to deduce facts about atmospheric
processes. He started his work with palaeoclimatology and has recently re-examined this
subject from the standpoint of climate modelling. He always was at pains to incorporate
the tropical atmosphere as an integral part of the whole system of general circulation;
since any study of the general circulation must consider sources of heat, moisture and
momentum, he realized that the tropics must play an important role.
The advent of meteorological satellites opened a new era of interest for him since, for
the first time, he was able to obtain data from previously iiwccessible regions of the world.
It was possible to detect the main differences between the northern and southern hemispheres due to the different heat budgets of the Arctic and Antarctic. He also worked on
simulation models of climatological (time-dependent) problems as well as the energy
budget of the Earth's swface and the atmosphere.
Flohn has published more than 300 scientific papers, including an introductory work
entitled Climate and weather which was translated into severallangages. He participated
in the activities of several WMO technical commissions and has travelled widely.
Among the honours he received, mention can be made of the following: Car! Ritter
silver medal (1953), corresponding member of the Bavarian Academy of Sciences (1961),
member of the German Academy of Naturalists, (Leopoldina) (1966), member of the
Rheinland- Westphalian Academy of Sciences (1971), Distinguished Service Cross of the
Federal Republic of Germany (1973),/oreign member of the Royal Meteorological Society
(1962) and the Koninklijke Academie voor Wetenschappen, Letteren en Schone
Kunsten van Belgie (1977).
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Professor Flohn is an extremely pleasant and interesting person; a discussion with
him on any subject is indeed rewarding and one learns a great deal. He is the best of
guides when he takes his visitors for an excursion. The Editor much enjoyed a sightseeing
tour in his company starting from Bonn through Bad Godesberg and Remagen to M aria
Laach, a volcanic lake formed 10 000 years ago, then back along the meandering Ahr
Valley with its splendid vineyards to Bonn, a distance of some 100 km.
This interview took place on 3 August 1982 at the Meteorological Institute in Bonn.
The Editor would like to thank Professor Flohn for taking part in this series.
H. T. - Professor Flohn, to start with please could you say something about your
childhood and education.
H. F. - I was born at Frankfurt-on-Main in February 1912. My father was an official
in the municipal corporation. My mother was descended from a line of teachers and
merchants established there since the eighteenth century. I had my primary and
secondary education at schools in the southern outskirts of the city, and passed my
university entrance examinations in 1930. For the next four years I studied geography,
geology, meteorology and geophysics at the University of Frankfurt, with a six-month
spell at the University of Innsbruck to concentrate on the glacial periods. My doctorate
thesis was· on geomorphology-meandering valleys in Luxembourg and southern
Germany to be precise-and in this I was guided by Professor Schrepfer, whilst also
studying geology with Professor Leuchs. My interest in meteorology was first aroused
by Professor Waiter Georgii who was a meteorologist for glider pilots, and this led me
to listen to lectures and courses in meteorology and geophysics by the well-known
Professors Franz Linke and Beno Gutenberg (although the latter left for the USA in
1931). Linke was a specialist in radiation, and I remember that the IMO Radiation
Commission met at Frankfurt in September 1932, so that I had the chance of making
the acquaintance of other experts in that field such as Anders Angstrom from Sweden
and Waiter Morikofer from Switzerland.
H. T. -

Which German universities had a chair of meteorology at that time?

H. F. - Berlin had a chair of meteorology; Frankfurt, Hamburg and Leipzig each
had chairs of meteorology and geophysics; Munich had, I believe, separate chairs of
atmospheric physics and geophysics. The Darmstadt Polytechnic specialized in
aeronautical meteorology. There were several exchanges between Frankfurt and
Leipzig, and frequent joint seminars and so on between Frankfurt and Darmstadt
which are only 25 km apart.
H. T. -

Did any of these institutions specialize in climatology in those days?

H. F. - Except for Darmstadt and Hamburg, climatological studies were included in
meteorology courses at all universities. The University of Munich ran the observatory
on Zugspitze (2968 m), and made considerable quantities of measurements. About that
time, August Schmauss worked out frequencies of various meteorological elements for
each day of the calendar year, and as a matter of fact I became interested in this myself
and wrote my 'habilitation' thesis on it. That is a necessary qualification if one wishes
to teach at the university. I was able to add substantially to the data amassed by
Schmauss, and could identify preferred periods for certain types of circulation over
Central Europe. For instance, anticyclonic conditions tend to occur around
20 January, in mid-March and again shortly before Christmas.
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H. T. -

Can you say something about your professors in meteorology at Frankfurt?

H. F. - Franz Linke, the leader, was born in I 878 and studied physics at Gottingen.
He developed an interest in measurements from balloons, and in fact became one of
the very first to work in aeronautical meteorology in those days before the First World
War when aircraft were so primitive. As a young man he had spent four years at the
geophysical observatory at Apia in Western Samoa, in those days a German protectorate, and he imbued in me an interest in tropical meteorology. Linke died in 1944.
Rathje Miigge was nearly 20 years younger than Linke, and had studied geophysics at
Gottingen, subsequently coming to specialize in synoptic meteorology. He was an·
original character. Georg Stiive came from the aerological observatory at Lindenberg
and had developed an early three-dimensional concept of meteorology in the late
1920s which was fascinating to us students since it was so new.
H. T. -

Were there links between the Bergen school and German meteorologists?

H. F. - In Germany it was at Leipzig and Hamburg that meteorological research had
the greatest momentum. In 1912 Vilhelm Bjerknes was given the newly-established
Chair of Geophysics at Leipzig, but he returned to Norway in 1917. During that time
he paved the way for three-dimensional analysis, basing his work on the limited data
available from the prearranged international days for upper-air measurements. But
from then up to the early 1930s there was no intensive scientific contact with the
Scandinavians. It was Professor Ludwig Weickmann who, as professor of meteorology
and geophysics at Leipzig, started working with Bergeron, Jack Bjerknes, Palmen and
others on three-dimensional analysis. This was in the early 1930s, and many regarded
Leipzig as being in the forefront of meteorology in Germany at that time. Nevertheless
good work was being done elsewhere, for instance by Linke on radiation, von Ficker
on the trade-wind circulation and Defant on oceanography.

H. T. - Was there a national Meteorological Service in Germany when you left
university?
H. F. - It was precisely then, in 1934, that the Reichswetterdienst was created, thanks
to the initiative of Professor Linke. Up to that time meteorology in Germany had been
based on an infrastructure of local state services and activities in the universities, which
was not the most effective set-up. They wanted Weickmann to be the head of the
Weather Service, and in fact he was President of the Reichsamt fur Wetterdienst in
1935/36 but declined to take on the job permanently. Dr Richard Habermehl, another
of Linke's students, took it on instead.
H. T. -

What was your first appointment?

H. F. - I worked as an assistant at the Frankfurt Meteorological Institute deriving
climatological data for various health resorts and spas from thermographs and hygrographs. Not very interesting. Then I went to Marburg (Lahn), about 80 km north of
Frankfurt, to be a research assistant at the Department of Hygiene, but still doing much
the same work. However, I had contact with the world of medecine because we were
investigating links between weather and diseases, in particular a correlation between
anticyclonic inversions and peaks in influenza epidemics. It became apparent that
different ailments responded differently to certain weather events. Some were brought
on or aggravated by the passage of a cold front, some by the occurrence of a fi:ihn and
others were associated with a particular kind of anticyclone producing an inversion
which shielded the lowest layers from changes at middle levels of the troposphere. As a
matter of fact, there seemed to be practically no kind of weather which did not have
some effect on human health in one way or another. It was an interesting field, but I
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felt that before further progress could be made we had to know more about the
detailed physiological reactions of the human body, and that was really out of the
hands of meteorologists.
H. T. - Human biometeorology is attracting some attention these days within the
framework of the World Climate Applications Programme. Perhaps you remember the
paper that Dr Wolf Weihe presented at the World Climate Conference in 1979?
H. F. - Yes. I was quite impressed by the progress made since I left that domain all
those years ago. Now we need to look at the problem on a broader scale-the
adaptation of the body to different climates and so forth. As you probably know, the
Deutscher Wetterdienst today runs a Central Research Office for Human Biometeorology at Freiburg-im-Breisgau.

H. T. - In May 1935 you were transferred to the central office of the Reichswetterdienst
in Berlin. What were your new responsibilities?
H. F. - I was put in the climatological division under Professor Karl Knoch, a firstrate climatologist who was specially interested in applied aspects. He had just set up a
network of research stations in human biometeorology and agrometeorology and my
responsibility was to further develop the network and to co-ordinate the work of the
research stations in human biometeorology. My first task was to compile mean
monthly rainfall maps on a scale of 1 : 1 000 000. Farmers were taxed according to the
productive potential of their land, and this was based on a combination of climate and
soil quality. My work was concerned with deriving the climatic coefficient, hence the
large-scale maps of rainfall distribution.
H. T. War?

How were weather forecasts being made in the days before the Second World

H. F. - Because of its responsibility for providing forecasts and warnings to ships in
much of the North Atlantic and Arctic, the Deutsche Seewarte (Marine Weather
Service) in Hamburg had acquired considerable expertise and a mass of marine
climatological data. Under Professor Seilkopf, three-dimensional synoptic meteorology
had been introduced experimentally at Hamburg in 1934. He had stimulated gifted
young meteorologists-among them Richard Scherhag and Martin Rodewald-to
enter this field with remarkable success. The following year we had regular maps of the
500-hPa layer over Europe, the data mostly coming from aircraft ascents-in Germany
there were six aircraft which flew up to heights of about 5500 m at least once per day.
From 1937 onwards balloon-borne radiosondes replaced the aircraft reconnaissance
flights. Surface charts were plotted for local forecast purposes at many of the institutes
in the Reichswetterdienst; I believe the station density was much the same as it is now.
Scherhag next attempted constructing forecast charts by displacing areas of positive or
negative 24-hour pressure changes in accordance with the 500-hPa winds, and the
results were so encouraging that it came to be adopted as a regular daily practice.
Gerhart Schinze came back from Bergen and in 1935 managed to have introduced
throughout the Weather Service a rigid operational forecasting procedure based on
airmass analysis. I was not too happy about this because I felt the loss of the upper-air
input would have adverse consequences, and indeed after the outbreak of the Second
World War, when precise forecasts of winds and temperatures aloft were needed for
long-range missions by the Luftwaffe (German air force), Scherhag's procedure was
adopted definitively. He was brought to the main forecasting centre of the Reichswetterdienst and from 1940 onwards we had upper-air charts for the 500, 225, 96 and
40 hPa levels.
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H. T. - Going back a couple of years, I see that in 1938 you were posted to Bad Elster.
Where is that and what was your work there?
H. F - Bad Elster is close to the westemmost tip of Czechoslovakia near the
headwaters of the White Elster River which flows north to Leipzig and eventually joins
the El be. I was in charge of a small bioclimatic research station which consisted only of
a meteorologist, a technical assistant and a part-time secretary. There was a network of
local stations in the neighbourhood which I had to supervise, and we made a few
studies, for instance on the distribution of aerosols in a cross-section through our area.
The reason I had been sent to this place in the backwoods was that my superiors did
not want to lose me to the armed forces.
H. T. - But when the war broke out you were immediately enlisted as forecaster in the
Reichswetterdienst?
H. F - Yes. I went first to Leipzig and later to Hamburg where I was second in
command of the forecast centre. Mostly my work consisted in forecasting for
aeronautical operations, but I also had some local stations to supervise. Then in 1941 I
was brought into the Zentrale Wetterdienstgruppe -the analysis and forecasting centre
supporting the High Command of the Luftwaffe. It was directed by Kurt Diesing, who
was about the most experienced meteorologist we had and a gifted synoptician, but he
died in 1943. Werner Schwerdtfeger was his successor, one of Weickmann's best pupils,
who had been responsible for long-range weather reconnaissance flights far out over
the Atlantic, into the Arctic and in other theatres of war. It was a risky operation, and
many pilots and meteorologists lost their lives. Schwerdtfeger himself went on more
than 500 flights, and gained a good reputation for evaluating the scientific results of
these reconnaissance missions. They included some vertical ascents/descents to give a
three-dimensional picture. It is a pity that no detailed research was made on the basis
of them after the war. My own duties at this time were largely applying climatological
data for the purpose of making forecasts in the medium and long-range time frame, but
of course I was also analysing upper-air charts and so forth.
H. T. - Were special arrangements made for training meteorologists during the war? I
understand there was some sort of diploma issued.
H. F - We took on young students with a sound basis in physics and mathematics
and gave them a condensed two-year course in meteorology. On successfully
completing the course they were awarded a diploma, and I believe that this is about the
equivalent of a master's degree at an American university.
H. T. - I suppose the war gave a boost to the development of prediction methods and
techniques?
H. F - Most certainly the requirements of the military High Command for accurate
weather forecasts brought pressure to bear in the right places, and we had resources we
would never have had in peacetime. I read with great interest Dr J. M. Stagg's book
Overlord which describes the measures taken by the Allies so as to be able to forecast
weather conditions for the D-Day landings in Normandy, because we on our side also
had a special group making similar forecasts so as to know when to expect the
invasion; Weickmann was brought in to co-ordinate forecasts prepared by the army,
navy and air force meteorologists. This was the first time I worked closely with him.
-<11

A surface weather chart analysed by Professor Flohn under wartime conditions. The date was
14 January 1945
(Photo: Deutscher Wetterdienst)
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Having read Stagg's book, I am convinced that so far as prediction is concerned we
had some advantage with our three or four years' experience of operational threedimensional analysis. In the USA the transition from isentropic analysis (introduced by
C.-G. Rossby before the war) to the analysis of isobaric surfaces (as we were doing) did
not take place before 1943 or 1944. Airmass and isentropic analysis methods were less
useful for making forecasts for military or civil aviation.
H. T. days?

In 1945 you were interned as a prisoner of war. What was your life like in those

H. F. - I was taken prisoner when the last centre of the Reichswetterdienst-near
Munich-was forced to close down at the end of April 1945. Then I was moved
around from one p.o.w. camp to another, meeting up with many of my colleagues
because meteorologists were grouped together; I think there were about 30 of us. Since
we were often exposed to the elements without shelter, we made an interesting forecast
experiment, basing 12-hour predictions simply on visual observations of the clouds,
which were about the only indicators we had. We deduced a thermal wind from the
different Clirection of motion of cloud layers and studied closely their evolution. Our
forecasts were quite good for up to six or eight hours, but not beyond that. This is
readily understood when you consider that the average speed of movement of upper
clouds is between 30 and 60 km h- 1, so that cirrus clouds on the horizon will be
overhead in less than eight hours. This obviously limits the range of any forecast based
only on a visual observation.
H. T. -

What did you do when you were released in 1946?

H. F. - Bad Kissingen, in the extreme north-west of Bavaria, was one of the few
towns not destroyed during the war, and the Americans wished to establish a German
weather service there. I was among the meteorologists to be sent. Gerhart Schinze was
in charge when I arrived, but he left after a few months and Ludwig Weickmann took
over. We had to build up the nucleus of a new national weather service, comprising
units for analysis and prediction and for climatology. At considerable risk to himself,
Karl Knoch had managed to keep intact the climatological archives of the former
Prussian Meteorological Institute dating back to 1847 which were in railway freight
wagons. He refused to leave them, and in spite of the total chaos which reigned for
some time after the armistice, he succeeded in having these wagons conveyed from
Silesia (now western Poland) down to Wiesbaden in the American zone of occupation.
This journey had taken several weeks to accomplish, and Knoch was already 63 years
old, so it was a deed of genuine devotion to his science, and one for which we all owe
him our undying gratitude. My work was once again to apply climatological information to produce medium- and long-range forecasts, and to build up the research
section when Heinz Lettau left to go to the USA-many gifted German scientists
emigrated to America at this time because of the apparently hopeless prospects at
home. I used what upper-air data were available (especially those from the tropics and
the Arctic) to get a general impression of the circulation of the free atmosphere, and
published a few papers. In general my deductions were fairly near the,mark since they
did not need to be revised to any great extent in the light of more abundant data.
H. T. - Was the new meteorological centre at Bad Kissingen the only one in western
Germany?
H. F. - No. The French had created one at a small town in the Black Forest and the
British had established another at Hamburg. In each case the centres were mostly
manned by meteorologists they had taken as prisoners of war.
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H. T. - You remained at Bad Kissingen until the new Weather Service of the Federal
Republic of Germany was created?
H. F. - Yes. The Federal Republic was constituted in 1949, and three years later the
Federal Government established the Deutscher Wetterdienst. I was appointed director
' of the research department at the headquarters. My principal interest was still to
understand the tropical circulation, its characteristic and anomalous features and its
relationship with extratropical circulation patterns, especially as concerned the largescale monsoon phenomena. With the material I could collect I was able to write two
papers dealing with the tropical easterly jet and the role of the Tibetan plateau as a heat
source in the complex monsoon system. I also did some work on the transport of
radioactive aerosols, my assessments being based on the available upper-air data. In

Participants in a meeting of the Meteorological Society at Bad Kissingen in 1949. Professor Flohn
is seen behind Professor Weickmann who is standing near the centre of the group holding what
looks like a file of papers
(Photo: Deutscher Wetterdienst)

1949 I was fortunate enough to be invited by the president of the WMO Commission
for Climatology to attend a meeting in Washington, D.C. (the Federal Republic of
Germany was not yet a Member of WMO, so it was as an individual expert that I
participated). After the meeting I was able to visit Jule Charney and John von
N eumann in Princeton to see the work they were doing in the domain of numerical
weather prediction. Weickmann had already been in contact with Rossby about the
promising experimentation that was being made over there, and he convinced the
authorities that something must be done in the Federal Republic. We had a brillant
young theoretical meteorologist in Karl Hinkelmann who formed a group at Bad
Kissingen, later moving to Offenbach, which did pioneering work in the use of
primitive equations in NWP. We had no powerful computer ourselves at that time, and
had to have all the more complex calculations performed in the USA.
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H. T. - I knew Hinkelmann quite well from the time I was in Stockholm and also when
I was serving as secretary to the WMO Commission for Aerology as it was called in those
days. He was a member of the Working Group on Numerical Methods of Weather
Analysis and Forecasting. This was certainly a major breakthrough in NWP.
H. F. - Yes. We reached the conclusion that using the geostrophic and vorticity
equations meant that the energy balance was violated, so that something must have
been fundamentally wrong. It was Hinkelmann's idea to start with the primitive
equations. I remember that Rossby once came to Frankfurt and had to leave on the
night train for Paris; the train was late, and as we paced the railway station for an hour
around midnight I argued the case for adopting the primitive equation approach.
Rossby was more in favour of trying new ways of applying the vorticity equation, but
in the end he agreed to support Hinkelmann's experiment, which turned out to be quite
successful. You will realize that the resources available in the Federal Republic of
Germany were still extremely slender, and we would never have made the progress we
did without moral, intellectual and financial support from the USA. In due course
Hinkelmann was offered a newly-established chair of theoretical meteorology at the
University of Mainz, and so he left the Deutscher Wetterdienst. He is now Professor
Emeritus.
H. T. - I see you had an appontment as professor at the University of Wiirzburg in
1953. Was this additional to your work in the Meteorological Service?
H. F. - I was what would be called in America an adjunct professor, meaning that it
is only part-time. In fact all I did was to give a series of lectures at Wiirzburg every
second week during the term-time. No, my main occupation was still with the
Deutscher Wetterdienst. It was not until 1961 that I resigned to take up a full professorship in the newly-created chair of meteorology at the University of Bonn.

H. T. - A post which you have held for more than two decades. Please tell me something
about the Meteorological Institute.
H. F. - To a great extent the Institute owes its origin to two professors at Bonn
University: Car! Troll, a leading geographer, and Wolfgang Riezler, a nuclear
physicist. Riezler had been particularly interested in my work on the transport of radioactive aerosols in the atmosphere. It took about five years to build up the Institute from·
scratch, and to start with we only had about a dozen students. Nevertheless, I was
determined that we should cover all the fields of meteorology, and in the early stages I
was lecturing on all kinds of subjects so as to train meteorologists to the diploma level
which, as I told you earlier, is equivalent to a master's degree. To help me I had three
assistants and some part-time lecturers. As far as research was concerned, my own
interest was still in tropical meteorology, but since we happened to have at the
University one of the fastest computers currently available, there were soon people
wanting to do small-scale modelling and much more extensive data-evaluation.

H. T. -

How many students have you today at the Institute?

H. F. - Now we have nearly 100, but very few go into meteorology. Some of them go
into computer science, some get jobs as physicists (since we give a suitable background
in mathematics and physics). This is a change since about 1975 when the majority of
my students would go into the Deutscher Wetterdienst; nowadays that is practically
closed as a career.
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H. T. - So in the Federal Republic of Germany you have more university meteorological
departments than are really needed?
H. F. - I am afraid we have. The reason is that the universities are 'controlled at the
regional rather than federal level. I think there are about 12 meteorological
departments at present; I would prefer to see this reduced to four or five departments
each with four or five professors. Then we could give really good and intensive training
to the limited number of students who will actually be needed in meteorology. There is
little evidence of a demand for trained meteorologists in industry or local
government.

In December 1959 the First Conference on Tropical Meteorology was held at Nairobi. Professor
Flohn is seated seventh from the left, and on his left is the then Secretary-General of WMO,
Dr D. A. Davies
(Photo: A. H. Firmin, Nairobi)

H. T. -

May I now go back in time and ask what was the first paper you published?

H. F. - Whilst I was still a student, Professor Linke asked me to give a seminar on a
recently-published paper on the origin of the ice ages. The author of the paper was
none other than Sir George Simpson, Director-General of the British Meteorological
Office. This was a special interest of mine, and I found that Sir George's theory ran
contrary to the available evidence. So after the seminar I published a note which
pointed out the weakness of his position, and sent him a copy. I received a polite reply
about six weeks later, but I have some doubt as to whether he had actually read my
paper. Altogether I think I must have published about 360 papers, but most were of a
relatively minor and ephemeral nature.
H. T. -

What has been the principal theme of your research in recent years?

H. F. - My basic objective has been to learn more about the overall mechanism of
the climate system with its innumerable interactions. Two aspects I have been
following up are teleconnections (spatial correlations of climatic anomalies) and ocean
upwelling, in connection with the exchange of C0 2 and water vapour between the
atmosphere and the sea. I have come to the conclusion that the latter factor is an
important key to the problem of climatic change. My work during and immediately
after the war entailed studying circulation features over the entire Eurasian region.
How the large tilted upper troughs sharpen and produce maximum eddy momentum
transport in the conflicting air flows either side of the trough. These troughs often
penetrate far towards the Equator and may give rise to exceptional rainfall events in
tropical and subtropical latitudes. Then there is the monsoon phenomenon, largely
caused by the configuration of mountain ranges. It seems to me that, in the tropics,
areas of widespread heavy precipitation serve as heat sources by virtue of the
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enormous quantity of latent heat released; I am thinking in particular of Indonesia, but
the same is true in the regions north-east of the Bay of Bengal and in the west of the
Amazon basin where giant convective systems push water vapour well up into the
stratosphere.

H. T. -

What about your work on climatic variations in Africa?

H. F. - In the 1970s a lot of unambiguous data were published indicating that
between 12 000 and 6000 years ago, apart from one short dry interval, rainfall in the
area now occupied by the Sahara Desert must have been much greater than today;
even the driest spots must have had something like 300 mm a year, with steppes or
savannahs which allowed the local population to raise cattle. We had to ask ourselves
whether such conditions could return in the foreseeable future. Well, studies showed
that there were at least two factors associated with that period which could not come
about. The gradual desiccation to present conditions started about 5500 years ago,
coinciding with the disappearance of the last vestiges of the Laurentian ice sheet over
the east of North America which had been a source of cold air, enhancing tropospheric
temperatures over Europe. Then 10 000 years ago the Earth's orbital geometry was
completely different to that of today; the perihelion (when the Earth is closest to the
Sun) occurred in July, whereas now it occurs in the northern hemisphere winter. This
meant that in the north there was about seven per cent greater solar radiation in
summer than now, and according to John Kutzbach's model the tropical rain belt and
monsoon rainfall over West Mrica would have been intensified.
H. T. -

Where do you think we should look for the first signs of a climatic change?

H. F. - That is a difficult question. Instead of waiting for a clear signal I feel we
should immediately start to monitor the extent of sea-ice in both the northern and
southern hemispheres, as well as glaciers in lower latitudes-those in Ecuador and
New Guinea for instance and also those in Icela1J.d. Another parameter which must be
monitored carefully is sea-surface temperature. Although there are fluctuations from
one year to the next, quite a pronounced overall retreat of sea-ice cover was observed
in the southern hemisphere from 1973 to 1980, but that cannot be extrapolated further.
As for the glaciers in tropical regions, these seem to have been retreating steadily since
the beginning of the century. This apparent warming may be due to two factors; one is
the increasing concentration of C0 2 in the atmosphere and the other is the relative lull
in major volcanic eruptions between about 1912 and 1960, meaning that there was less
volcanic dust in the stratosphere. If the warming trend is maintained over a long time
we may expect to revert to climatic conditions which prevailed long before meteorological observations were made, and of which we only have geological evidence. Now
a meteorologist trained only in physics and mathematics is not well equipped to
interpret palaeoclimatic evidence so as to be able to visualize this different climatic
regime, but such an ability seems to me to be of major importance. There is
unequivocal evidence that abrupt changes of climate have occurred from fairly warm
conditions as at present to a quasi-glacial climate-by abrupt I imply a period of
100 years or less. When Sir John Mason said at the World Climate Conference that the
climate system is strongly resilient in the face of external influences, he was certainly
right as far as 95-99 per cent of the geological past is concerned, but I know of six or
eight cases where there was a rapid transition from one mode to another. It is a real
challenge to find out why this happened. Here is another intriguing problem: there is
definite evidence that the Antarctic ice-cap formed at least 14 or 15 million years ago,
yet the Arctic was ice-free until about three million years ago. What were the climatic
regimes during the ten million or so years of a unipolar glaciated Earth? This is
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relevant because Budyko already warned us twenty years ago that the Arctic sea-ice
could disappear completely, either as a result of human activities or from some natural
cause.
H. T. today?

What are your feelings about meteorology in the Federal Republic of Germany

H. F. - Let me restrict my comments to the university sector. The universities are
suffering from a flow of students which is far greater than it should be, augmented as a
political measure. In recent years their numbers have increased by a factor of four, but
this has not been accompanied by a corresponding increase in quality. In fact my
colleagues have great difficulties because not all students have a real interest in science.
This situation arose from a misunderstanding of the term 'student' as used in the
Federal Republic and as applied in the USA and USSR. Whereas in the USA a student
may be studying for a bachelor's degree, in this country that would be equivalent to the
final year of high school. Therefore on paper it appeared we had too few students in
the Federal Republic of Germany, hence the recent influx. This has of course
hampered our research programmes, at a time when research in the Deutscher Wetterdienst has also been reduced due to increasing operational requirements and fewer
staff. I am happy that the Max Planck Institute for Meteorology in Hamburg under
Professor Klaus Hasselmann is doing promising work in constructing climate models
which take good account of the oceans. Most university research is concentrated on
boundary-layer meteorology, local-scale climate modelling and radiation.
H. T. -

Please tell me which of your many awards you cherish the most?

H. F. - From a scientific point of view, the greatest honour is to be elected member
of an academy, and I am member of three in this country: the Bavarian Academy of
Sciences, the Rhineland-Westphalian Academy of Sciences and the famous 325-yearold Leopoldina Academy of Halle in the German Democratic Republic. Thanks to the
late Jacques van Mieghem I am a foreign member of the Koninklijke Akademie voor
Wetenschappen, Letteren en Schone Kunsten van Belgie at Brussels. In 1973 I received
the Distinguished Service Cross of the Federal Republic of Germany, primarily for my
work in applied climatology, especially with respect to radioactive aerosol
transport.
H. T. - What would you say to a young person who came to ask your advice about
embarking on a career in meteorology?

H. F. - My advice might not be the same as most other meteorologists of my age, but
I believe that in the long run it is the applications of meteorology and climatology
which will be more important than the science itself. Certainly if the person is really
gifted in mathematics and physics, he should concentrate his studies on atmospheric
physics, but if he has broader interests he should bear in mind that climate is the
interrelation of different geophysical factors; that he will also need a good background
in physical oceanography, glaciology, vulcanology, biology and studies of soils. I really
think that this offers a great challenge for a capable young scientist.
H. T. - Professor Flohn, thank you very much for giving such interesting answers to my
questions. I hope the meteorological and especially the climatological community can count
on your wise guidance for many years to come.
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Professor J. Smagorinsky
In the third quarter of the seventeenth century, settlers from other parts of New Jersey
bought and started to cultivate the rich land bordering the Millstone River and Stony
Brook. In 1724, the nucleus of this community of mostly Quakerfarmers was given the
name of Prince Town.
A College of New Jersey was founded in 1746, and a few years later a small group of
philanthropic citizens offered land and money to build permanent premises for it in
Princeton (as it later came to be known). By 1756 courses had started in Nassau Hall
which in its day was the largest public building in the colonies. 1J1ere were only 70 students
at first, with three tutors and a president, yet out of these modest beginnings grew up
Princeton University, which today is recognized as one of the most outstanding national
institutions of the USA.

Professor J. Smagorinsky
r
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The University aside, for many people Princeton is one of the most delightful residential centres in the east. The surrounding countryside is green and wooded, there are
rich and varied cultural activities, and the town possesses a character and atmosphere not
found in other conurbations-yet it is only some 70 km from the centre of New York and
rather less from Philadelphia.
The Institute for Advanced Study was founded here in 1930. Its purpose is to foster
scientific progress in its broadest sense. No degrees are offered; rather it is a forum for
those whose intellectual powers have already achieved recognition to come and study
diverse problems in their particular field of expertise in a congenial academic environment.
The Geophysical Fluid Dynamics Laboratory (GFDL) is an organ ofthe USA's National
Oceanic and Atmospheric Administration. From a small group of specialists in numerical
modelling of the atmospheric general circulation, the GFD L grew and broadened its scope
to embrace observational and modelling studies of the oceans, planetary atmospheres and
atmospheric phenomena on smaller scales. The combined experience of the eminent
scientists who work here, together with the superb facilities available, make the Laboratory
second to none in its field. That it has attained this status is largely due to the inspired
leadership over 27 years of the retiring director, Professor Joseph Smagorinsky.
The driver of the taxi taking the Editor of the WMO Bulletin to meet Professor
Smagorinsky at the GFD L headquarters building stopped on the way to point out the
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place where Albert Einstein had worked from 1933 to 1955. We gazed at the building,
thinking of the man whose relativity theories have given us means of comprehending the
universe. Not only did Einstein discover the mass-energy equation (E = mt!)* and the
modern laws governing the behaviour of massive bodies and high-speed particles, but his
equations can be extended to represent the origin and fate of the entire universe.
Joe Smagorinsky admits that in his early youth his primary interest was in hydrodynamics as applied to the design and construction of racing yacht hulls. However, as
things turned out he became one of the first undergraduates to enrol in a course on
meteorology introduced in 1941 by New York University. This was interrupted in 1943
when Smagorinsky was called up for military service (the Second World War was then at
its height), but fortunately, although he was now in uniform, he was able to continue his
studies in meteorology at the Massachusetts Institute of Technology (MIT).
Smagorinsky tells us that in his boyhood he had thought that the weather was
forecast deterministically by applying physical principles. It was a great disappointment to
learn that in fact it was an entirely subjective process, even if based on reasonably well
defined concepts such as isobaric analyses, air masses and frontal systems. However, the
work at Princeton brought new hope to the budding scientist. He saw the possibilities that
were being opened for the study of the dynamics of convection, synoptic-scale baroclinic
processes, the general circulation and ultimately climate. Looking back on this period in
later years he wrote:
'In one day, my visions were completely transformed. Little did I know that I would
be privileged to participate in a scientific revolution that, when I first made my career
choice, I had mistakenly thought had already happened. ..'**
When he obtained his Ph.D. in 1953, Smagorinsky returned to the Weather Bureau
in Washington to start up a small group which became known as the Joint Numerical
Weather Prediction Unit (being eo-sponsored by the Air Force and Navy Departments).
Involved in operational applications of NWP, it was the progenitor of the National
Meteorological Center. However, by 1955 Norman Phillips had constructed a general
circulation model, and Dr Reichelderfer, Chief of the Weather Bureau, agreed to set up a
research group to exploit this further. Almost from the first this group was led by Professor
Smagorinsky; it was in 1963 that it acquired the title by which it is known today-the
Geophysical Fluid Dynamics Laboratory-five years later forming an association with
Princeton University and moving into its present premises.
Professor Smagorinsky has been a member of some 30 national and international
committees and panels, and has received numerous honours and awards. Among these
may be mentioned the US Department of Commerce Gold Medal (1966), the Carl-Gustav
Rossby Research Medal (1972), the Cleveland Abbe Award and the Presidential Award of
Meritorious Executive Rank in the Senior Executive Service (1980). Recognition has come
from other countries as well, for example a D.Sc. (h.c.) from the Federal Republic of
Germany, the Buys Ballot Medal from the Netherlands and the Symons Gold Medal from
the United Kingdom. He received the !MO Prize in 1974.
Joe Smagorinsky retired from the GFDL in 1983. In spite of his earlier heart attack
he appears to be in excellent health. In fact the Editor could not resist asking him how he
managed to retain such a youthful complexion. For the benefit of male readers for whom
the advice does not come too late, his reply was that perhaps it was because he lathered his
face rather briskly before shaving.

* E is the quantity of energy Goules) released when a mass of m (kg) is annihilated, c is the
speed of light (m s- 1) in a vacuum.
·
**Advances in Geophysics, 25 (11) pp. 3-37. Academic Press (1983).
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The Editor is extremely grateful to Professor Smagorinsky for having agreed to the
following interview which took place at the GFDL headquarters in Princeton on Monday
17 January 1983.
H. T. - Professor Smagorinsky, I see you were born in 1924. Could you please
say something about your family background?
J. S. - My parents came from Bye!orussia. My father emigrated to the USA in 1913
and my mother followed with my two elder brothers in 1916. Then my parents had two
more boys-1 was the youngest, born in New York City on 29 January 1924. In my
teens I was already interested in meteorology, I remember often going to a weather
observatory run by a New York newspaper just to watch what they were doing. But an
even greater interest at that time was the design of yachts and racing hulls; I used to
construct scale models from plans and race them on the lake in Central Park. I thought
at first I would like to become a naval architect but that did not work out, so I opted
for my second love which was meteorology. You see how fluid dynamics had already
captured my attention. Actually I became one of the first students to enrol for the
undergraduate course in meteorology at New York University in 1941.

H. T. - The Second World war had already started in Europe by then. Did this
affect your studies?
J. S. - Yes. Military service interrupted my studies at New York in 1943. However, I
was sent to Brown University and the Massachusetts Institute of Technology, and was
then commissioned as a lieutenant in 1944. On demobilization in 1946 I returned to
New York University and obtained my master's degree in 1948. During this time I met
my wife; she had been trained as a statistician and worked with Glenn W. Brier during
the war at the Weather Bureau in Washington, D.C. The Weather Bureau then had sent
her on a one-year course at New York University to learn some meteorology, and since
she was obliged to return to Washington I had to try to find a job there too. So it was
that after graduating I joined the staff of the Weather Bureau.

H. T. - Who were the professors at New York University that had the greatest
influence on you?
J. S. - I would say they were Bernhard Haurwitz and Hans Panofsky, both of whom
had come from Germany in the 1930s. Panofsky conditioned my reasoning in objective
analysis, and Haurwitz gave me my orientation in dynamical meteorology. Outside of
the university, it was Jule Charney who probably exerted the greatest influence on
me.

H. T. -

What books were available at that time?

J. S. - Haurwitz had recently completed his Dynamic Meteorology and of course
there was' Brunt's earlier Physical and Dynamical Meteorology. We also had Physics of
the Air by W. J. Humphreys and a few books on synoptic meteorology such as those by
Byers and Petterssen. It was a shame that Rossby never wrote a book.
H. T. - After the war, you were research assistant at New York University.
What were you doing?

J. S. - I was research assistant to Panofsky and to J. E. Miller. The two projects I
remember best were on objective analysis and on calculating the vertical motion
field-from the pressure field, directly from winds, and by using the omega equation. I
also taught a bit on mathematical methods in meteorology. A group of young students
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came from the Philippines and they were really quite a brilliant lot. One of them,
Mariano Estoque, is now a professor in a Florida university.
H. T -

What was your first job in the Weather Bureau?

J. S. - In those days it was not strictly legitimate for the Weather Bureau to do any
research, and Harry Wexler was called the director of special scientific services,
although in fact he headed a research group which included Sigmund Fritz, Lewis D.
Kaplan and Morris Tepper. Part of my job was to be research assistant to Wexler, and
he put me to work on the influence of solar flares on terrestrial weather. It was an interesting but frustrating problem which, incidentally, has still not been solved. The other
part of my job was to answer letters from the general public. They were mostly crank
letters asking about effects of atom bomb explosions on the weather and climate. I got
quite good at drafting a reply which would not tempt the correspondent to write back a
second time, but at the same time not so curt as to make him complain to his representative in Congress.
H. T -

How did it come about that you went to Princeton?

J. S. - While I was still at the university in 1948 I heard a lecture by Charney on
scale properties of the equations of motion, and this fascinated me because it offered a
rational approach to using physical methods in prediction. •Later when I was in
Washington I went to another of his lectures and asked some questions, as a result of
which he invited me to visit Princeton to help with one-dimensional linear barotropic
calculations. In 1950 he asked whether I could come for an extended period of time.
The Weather Bureau gave me leave of absence and for the next three years I worked
there, travelling to New York University once or twice a week because I had decided to
do my Ph.D. with Haurwitz as my adviser. Of course Charney also helped me
enormously.
H. T - In Princeton, you were working at the Institute of Advanced Study.
What was going on there?

J. S. - The Institute of Advanced Study had been created by some wealthy business
men in the early 1930s as a centre for really brilliant scholars of the time, such as Albert
Einstein. To start with, it had no accommodation of its own and was housed by
Princeton University. Nevertheless, it was totally independent of the university, being
financed from private sources until after the war. Then it started, with some reluctance,
to accept financing from government agencies because this had become more the style.
Well, the Air Force and Navy Departments supported a project to develop a computer
which would be radically different from any hitherto constructed, and to head this
project they appointed the brilliant mathematician John von Neumann. In fact this was
to become the grandfather of all modern computers in that it stored information and
programs and had programs which could change themselves; there was no software in
those days. For advice in identifying physical problems to which this giant machine
could be applied, von Neumann turned to Carl-Gustav Rossby and Harry Wexler.
They decided that L. F. Richardson's original problem of 25 years earlier would be
ideal if it were conditioned by Rossby's later work, which simplified the atmospheric
model as then conceived. After a few false starts, Jule Charney had been brought in to
lead a group of meteorologists and to apply his theories on baroclinic instability and
filtering approximations.
H. T - When you obtained your Ph.D. in 1953, the Weather Bureau asked you
to come back to start up a small research group on numerical weather·
prediction in Washington. Did you have a computer available?
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J. S. - Not to start with. We worked on objective analysis, precipitation, dynamics
and prediction. It was decided to try using some baroclinic results obtained by
Charney and Norman Phillips in a three-level model to make operational forecasts,
and I had to help organize a group for this, train the people and set up the system. We
tried out a couple of computers then available and chose the IBM 701. That was how
the Joint Numerical Weather Prediction Unit was established in 1954, which in due
course was to become the National Meteorological Center. George Cressman was its
first director. Among other members of the group were Charles Bristor, Louis
Carstensen, G. 0. Collins and Fred Shuman.

Madison 1USA!. August 1956 -Many well-known scientists took part in a conference on longrange forecasting held at the University of Wisconsin. Professor Smagorinsky is second row from
the back, second from left. Other personalities interviewed in this series are Or R. M. White (front
row, second from left) and Professor H. Flohn (second row from the back, second ji·om right)

H. T. -

Could you tell readers something about von Neumann?

J. S. - John von Neumann was born in Budapest in 1903. He later studied in Berlin
and Zurich; already in the 1920s he wrote a classic book on quantum mechanics which
is still valid today. He was mainly known as a mathematician but he had worked in
physics, meteorology, chemistry, game theory and economics, and excelled in them all.
I have known many brilliant people in my life, but I think von Neumann is the only
one I would qualify as a genius. He had a quite phenomenal memory, and could do
things that no ordinary human being could do. I feel sure that it was only because he
spread his intellectual powers over so many subjects that he was never awarded a
Nobel Prize. He left Princeton in 1955 to become an atomic energy commissioner, and
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died in Washington in 1957. I think the Institute had accepted the computer project
largely on account of von Neumann's standing, and after he left it was clear the
Institute wanted to abandon it. Herman Goldstine had been general manager of the
project, and probably because of this situation he left around 1955. Charney and
Phillips hoped they might start up a meteorology department in Princeton University,
but at that time the university was not interested. So they went to the MIT*. Von
Neumann and Charney convinced Dr Reichelderfer, Chief of the Weather Bureau, of
the need for a general circulation research group to exploit Phillips's ideas. Harry
Wexler had also certainly put in a good word and he headed the group to start with,
but very soon I took it over. At the end of 1956 there were nine people in the section,
and now there are about 85.
H. T. -

How did this differ from the Joint Numerical Weather Prediction

Unit?

J. S. - Of course they had many features in common: to start with they were both
financed jointly by the Air Force, Navy and Weather Bur-eau; in our General Circulation Research Section we had no computer of our own, we bought computer time
from the JNWPU; and we both used deterministic methods. However, the JNWPU's
objective was the routine production of 12- to 36-hour numerical weather predictions
to help in the forecast process (subjective modification and refinement was still
considered indispensable in those days). Our work was basic research following up
Phillips's earlier results to try to understand the general circulation, and ultimately
climate. At the end of the first year both the Air Force and the Navy decided to
discontinue their support, and a crisis loomed for the Section. However, Reichelderfer
undertook to fund the whole project from Weather Bureau resources even though it
was still considered somewhat improper for the Bureau to involve itself in research.
This was one of the many unorthodox but farsighted decisions for which Reichelderfer
is remembered today. He even went as far as to agree that I be permitted to hire people
from outside the Bureau if necessary-it had always been my policy not to fill a post
unless I could have the right person for it.

H. T. -

Where was your section housed?

J. S. - For some years we were in offices donated by Jerome Namias in Suitland,
Maryland, just outside the boundary of Washington, D.C. Then when we got our own
'Stretch' IBM 7030 computer in 1962 we had to move to 615 Pennsylvania Avenue in
Washington. By that time we were known as the General Circulation Research
Laboratory. Actually I realized we would not get far in research on climate without
having an oceanographic element, and so in 1960 I recruited Kirk Bryan to come and
do some ocean modelling, although I knew this was not quite legal. I had mentioned
my idea to Harry Wexler who quickly warned me not to tell him too much. In 1963 the
name was changed to that by which it is known today, the Geophysical Fluid
Dynamics Laboratory (GFDL).

H. T. - Were there any changes when Dr White became Chief of the Weather
Bureau in 1963?
J. S. - One of Bob White's first major reforms was to create the Environmental
Satellite Services Administration (ESSA) in 1965, which merged the Weather Bureau,
the Coast and Geodetic Survey and the Central Radio Propagation Laboratory, and to
have a separate research organization to support the services that ESSA provided. This
was the Institute for Atmospheric Research (IAR), comprising the GFDL, the
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Institute of Technology.

hurri ca ne labora tory, the severe storms labo rato ry a nd a few other groups. After Harry
We xler died I was appointed acti ng director of meteoro logica l resea rch (but remaining
director of the GFDL). When the JA R was constituted, I decid ed to decline the directo rship of the atm os ph eri c science laboratories. I never regretted that decisio n. NOAA
took over from ESSA in 1970 but I rema in ed director of the GFDL ; essenti a ll y the
sa me positi o n as th a t I had en tered in October 1955. Th e size a nd scope of the orga niza tion had cha nged, th at was a ll.
H. T. -

When and why did the GFDL come to Princeton?

J. S. - By the mid-1 960s we had an acti ve post-doctora l resea rch progra mme, but
o ne of o ur probl ems was th at we had to train all o ur ow n sta ff. Scientists such as Brya n
and Mana be ca me a nd lea rn ed modelling, so me stayed o n a nd others left a ft er a yea r
o r so . Wha t the na ti on need ed was a n acad em ic fac ulty to train people in modelling at
th e Ph.D. level. Seve ra l uni ve rsiti es reali zed this a nd a pproached us o n th ei r own
initi ati ve to kno w w hether we wo uld be interested in a co ll a borati ve a rra ngement. I
kn ew of a fe w exa mpl es of labora to ri es located o n uni ve rsity campuses, but I was still
hesitant abo ut doing th e sa me. Then we recei ved formal a nd informal offers from
seven or eight uni ve rsiti es, some of th em ve ry good o nes. Princeto n was one of the last
to come up, but it was clea r that in thi s case there was interest from the juni o r facult y
a ll the way up to the highest ad mini stration. Al so the interest seemed to be in the intellectua l gain to the uni versity ra ther than any fin a nci a l gain (w hi ch in our case would be
minimal a nyway). So for these and severa l oth er reasons, it was decid ed that the GFDL
wo uld eo-locate wi th Princeto n U ni ve rsity. Th e uni ve rsity und ertook to establi sh a
graduate progra mme in geoph ysical fluid dynamics, a nd agreed that we wo uld not be
tied exclusively to a ny one uni ve rsity depart ment. We soo n fo rged links with the
departments for civil engineering, aeros pace and mecha nica l scien ces a nd geology and
geophysica l sciences. We also had unofficia l ties with other departments, such as astrophysics, chemical engineering a nd statistics. After a number o f years the uni versity
authorities felt th at this was too untidy an arrangement and insisted we go into one
depa rtment. By then we had establi shed o ur reputation and were attracting students
directly to the geophysica l fluid dynami cs programme, so it was no longer important
that we be un attached. Thus it was that in the mid-1970s we became part of the
Geology a nd Geophysical Sciences Department, but still retained a di stinct identity.

H. T. -

Why geology?

J. S. - The main reason was that we had a lot in common with geologists. In the
broader sense, geophysical fluid dynamics includes the fluid dynamics of the mantle
and the interior of the Earth. Also pa laeoclimatic evidence is directl y relevant and that
was a n area of particular expertise in the department. Then there was ma rine
geochem istry where tracers are used to investigate the structure and dy namics of the
ocean and to study biogeochemical cycles. Thi s arra ngement has wo rked out very well
indeed, and we continue to attract students directly for the Ph.D. progra mme-that is
the only degree we o ffer.

H. T. - The staff of the GFDL is paid by the Government. and yet you have
such close ties with the university. Does this present any problems?
J. S. - No. Those of us involved in the geophysical fluid dynamics programme run
by the university have adjunct appointments. For instance I am a visiting lecturer with
rank of professor, and there are about a dozen others in a simila r position. We ha ve to
be careful not to involve ourselves in uni versi ty affairs which are outside our
purview-for example it would not be appropriate for me to be on a committee which
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d ecides sala ries since I am not paid by the uni ve rsity. But apa rt from a few things lik e
that we enjoy the usua l pri vileges o f the faculty. We occupy accomm odati on on the
uni versity ca mpus a nd we pay rent for it. Two of my children attended the uni ve rsity
a nd I pa id th e full rate fo r them just like a nyo ne else. Stu d ents foll owing the
programme p ay uni ve rsity fees, but they ge nerall y have sti pends from N O AA o r the
Nati o na l Science Foundatio n. Nowad ays there are severa l N OAA laboratori es eolocated with uni versities. Although they a ll studied our agreement with Princeton , no ne
d ecided to tie themselves so co mpl etely into the acad emi c structure as we are here. If
th e GFDL we re to leave Prin ceton, I doubt whether the uni ve rsity could mainta in the
progra mm e.
H. T -

Please tell me something about the work you are doing.

J. S. - Back in the 1950s we had realized th at the best way to test a n a dva nced
gen era l circul ati o n mod el was to put in rea l initi al da ta a nd utilize it as a fo recast
mod el. T o begi n with , we integrated a p rimiti ve equ atio n mod el over two d ays using
rea l d ata and mad e precipitation fo recasts; then one d ay the mod el was accidenta ll y
a ll owed to ru n o n ove r fo ur days a nd we fo und there was still inhere nt predictability.
Aft er th at we mad e severa l d eliberate integrati ons over lo nge r interva ls, a nd we
reported o n thi s at a n NW P conference in Moscow in 1965 . I a lready menti o ned that
Ki rk Brya n ca me to d o so me ocea n modelling; he sta rted with a wind-dri ve n
ba rotrop ic ocea n ci rcul ati on a nd th en we nt o n to a heat-d rive n circul ati o n. I go t
Douglas Lill y to come a nd start mod elling co nvecti o n, because in the late 1950s th at
had not yet been touched upo n. In the early 1960s a yo un g British scientist named
G are th Willi a ms ca me a nd started to tackle the vacill atio n probl em num eri ca ll y, a nd
subsequ entl y turn ed hi s attenti o n to other pl a netary atm os ph eres, a nd is now engaged
in ve ry fi ne work o n the atm osph eres of Jupiter a nd Sa turn. At abo ut th e sa me tim e we
a lso em barked upo n observa ti o na l studi es whi ch are now being ca rried on to excellent
effect by Bra m O ort a nd his co ll eagues. In the late 1960s we we nt o n to hu rri cane
modelling a nd in the ea rl y 1970s sta rted mesosca le mo delling. So we have wo rked our
way over most of the spectrum .
H. T -

Do you do nothing but modelling?

J. S. - Because we have always been associated with large computers it has often
been assumed th at we d o nothing but numerica l mod elling, but this is not altogether
th e case. There a re lots o f thin gs that can be tack led mo re easil y a nd with more info rmati ve results by a no n-num eri cal a pproach ; I encourage our peo pl e to rega rd th e
computer as a too l rather tha n a n end in itself. M y phil osophy fro m the very beginning
was that the la bo rato ry sho uld attack impo rta nt compl ex p robl ems th at wo uld take a
lot o f tim e, so th at we need ed lo ng- term co mmitm ents. T hi s was no t easy in the ea rl y
d ays when resea rch groups had to publish results qui ckl y o r peri sh. You must
remember that alth ough the genera l circulati o n models we started o ut with seem simple
now, to us at the tim e they we re highl y co mplex. Ano ther thing th at we pio neered to ·
some extent was interdisciplina ry interacti o n ; we had to synth esize radiatio n, condensati o n, bo unda ry- layer a nd ocean processes into interacting mo des so that th ey wo ul (j
work together. This impli es that less, rather th a n more, specializatio n is needed to
construct a comprehensive genera l circulatio n a nd climate mod el. Back in the 1930s
Rossby had a lread y seen the un io n betwee n meteorology and ocea nography and
atmospheric chemi stry, a nd he would be happy to kn ow that thin gs are moving that
way.
H. T - What was the origin of your involvement in the Global Atmospheric
Research Programme?
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J. S. -

I remember the first hint I had was at a conference in UCLA* in the early
1960s when Jule Charney remarked that there were exciting new observation
techniques, and asked me how I would like to have lots more observations for
describing the initial state. Of course I said this would be great, but nothing happened
for a while. Then at the NWP conference in Moscow when I presented our first
four-day forecast results, Arnt Eliassen and Tom Malone came to me and asked me to
get involved in a project which at that time was mainly being fostered by ICSU, but
which subsequently blossomed into the WMOjiCSU Global Atmospheric Research
Programme. GFDL was, of course, eminently suited to play a big part in GARP. I was
invited to be a lead speaker in the GARP Study Conference at Stockholm in 1967, and
presented an account of our recent work on predictability. This came to form a basis of
the conference report which put GARP into perspective. Then I was asked by the U.S.
National Academy of Sciences to be a member of the U.S. National Committee for
GARP, and WMO and ICSU invited me to be one of the 12 members of the Joint
Organizing Committee.

Boulder (USA), July 1964 WMO/IUGG Symposium on
Research and Development Aspects of Long-range Forecasting.
In the front row, from left to right, are Professor Smagorinsky,
Mr J. S. Sawyer, Professor Flohn, the Editor, Professor
J. Bjerknes and Professor R. C. Sutcliffe

H. T. - I would like to hear some of your reflections on the JOG; how it
worked and how the personalities in different specialized fields got along
together.
J. S. - I think it worked very well, and let me tell you one of the main reasons for its
success. WMO and ICSU were magnanimous when it came to constituting the JOC.
They realized that the committee would work best if it could enjoy the advantages and
*University of California at Los Angeles.
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ignore the disadvantages inherent in the structure and functioning of the parent bodies.
This meant that the JOC was given far more autonomy than would usually have been
the case. Moreover, the membership was chosen extremely carefully; although the
various disciplines were properly represented, each person was there because he had
demonstrated a high degree of personal scientific and managerial wisdom. To me, the
committee was in itself a superbly successful experiment in institutional interaction and
in getting things done. It was unique, and perhaps no other group has had responsibility for such a big and ambitious programme as GARP. Take the contrasting
backgrounds of the two Americans on the JOC-Verner Suomi and myself: Suomi's
expertise was in observational techniques and mine in atmospheric modelling. I said a
moment ago how observations and theory go hand in hand, and indeed Suomi saw
that his observations had to have a rationale in the overall project. On the other hand I
had to recognize that there were limitations on what could be observed, and so tried to
measure the impact of data shortfalls. I often think of Pierre Morel's constructive role.
He had no particular meteorological background, he was a physicist engaged in
satellite technology and instrumentation, so he came into the JOC with perhaps fewer
built-in prejudices than most of us. Therefore, whereas the members were all highly
competent in their respective fields and obviously had well-defined opinions, they were
never intractable, and everyone looked for the rational solution which would best fit
the specified objectives of GARP.
H. T - How do you rate the success achieved by the Global Weather
Experiment, since this was the culmination which GARP aspired to?
J. S. - It is still a little too early to say. We have not yet completed analysing data for
the Level 111-b set*. You see, we had to develop a four-dimensional data assimilation
technique as we were going along, and this was very difficult. The cost in developing
and operating the analysis system was about seven million dollars. I think GFDL will
probably re-analyse the Level 11-b data sets in about five years' time, and I am quite
sure that it will be done somewhat differently then. Even though the second analysis
run will still be expensive-! imagine between three and four million dollars-it will
still be worthwhile because we are not going to have another comparable data set for a
long time to come. So to come back to your original question, the Global Weather
Experiment, and GARP as a whole, was certainly a technological success because it
stimulated development and taught us a lot about how best to use conventional and
new facilities. It was also a success in that it has demonstrated that scientists from
different institutes and different countries can work harmoniously together. But the
scientific value of the data will only really come to the test when they are used in
phenomenological studies on monsoons, tropical cyclogenesis and other distinct
features, and when parallel prediction runs are made with and without certain types of
data to ascertain their impact.

H. T -

What are your views on the limits of predictability?

J. S. - In the mid-1960s quite a lot of very good meteorologists were convinced that
deterministic prediction beyond two or three days was not possible. I believe our report
at Moscow brought new hope to many. When I gave the Wexler Memorial Lecture at
the end of the 1960s, I was able to show that predictability was inherently possible well
beyond four days-we had actually made 21-day predictions by then, and it seemed
clear that the potential range of deterministic predictions was a week or more. Kikuro
Miyakoda has been very active in this field, and a few years ago he was able to show
that in certain cases predictability may extend to a month. I believe our results were

* Processed
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non-real-time data.

instrumental in giving the authorities concerned the confidence to set up the European
Centre for Medium Range Weather Forecasts. When I talk about predictability, I do
not mean a forecast of an instantaneous state a month ahead, but rather averages taken
around that time. Also I should emphasize that only certain situations seem to be
susceptible of prediction over the longer time period; we do not know exactly what
they are, but one may well be the mode which gives rise to blocking. It is of great
interest to find out why some modes give better predictability than others, and we are
now engaged in just that work. We find that some important ideas of Lorenz and

Munich (Federal Republic of Ge1many), Ju~v 1972 -Participants in the seventh session of the
Joint Organizing Committee for the.G!obal Atmospheric Research Programme. Standing, left to
right: Dr J. M. Wallace, Dr W. L. Godson, Professor K. Hasselmann, Dr G. B. Tucker,
Dr M. Tepper, Professor P. More!, Professor V. Suomi, Dr V. Meleshko, Professor
J. Smagorinsky, Professor R. W. Stewart, Professor B. Bolin, Dr P. R. Pisharoty, Professor
B. R. Doos, Academician A. M. Oboukhov, MrS. Ruttenberg, Professor V. A. Bugaev. Front row:
Professor E. M. Dobryshman, Dr A. H. Glaser, Mr J. S. Sawyer, Professor K. Gambo,
Dr A. Robert, Dr J. C. Kuettner, Professor F. Moller

Charney are beginning to be borne out. As regards seasonal-range forecasts, we are
doing some work on this also; not many other groups are at present, but I think interest
is growing and this time frame may soon get more attention. I firtd the interannual
range very exciting and with good potential when you consider what we are
discovering about El Niiio and the Southern Oscillation. If I were a young scientist
again, this is where I would want to be. The opportunities for scientific progress are
great and the practical applications are fantastic.

H. T. - What contact do you have with the operational NWP group in
Washington, D.C.
J. S. - In the first place there is the usual sort of communication that you find
between operational and research workers. But fairly recently the National Meteorological Center has been following our work with much greater interest. You see, the
operational people cannot adopt a new method in a matter of a few days or weeks; a
system has to be developed and tested out, so that there is a lag of perhaps a year or
two between a scientific advance and its application in routine forecasting. They were
impressed by the way we were able to help the European Centre for Medium Range
Weather Forecasts who sent people over here to study our models and to utilize some
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aspects of them in refining their own. We have had some encouraging results, but not
yet firm enough for us to be able to recommend to the NMC a new concept for operational use.
H. T. - You said a moment ago that the staff of the GFDL numbers about 85.
How is this broken down, and what is your annual budget?

J. S. - We have about 17 top-level scientists, 35 professional associates, 20 computer
technicians and operators, plus secretaries, librarians, etc. All are government
employees. Then there are some 20 students at various stages of their Ph.D. course,
about ten visiting scientists and a few members from Princeton University faculties
which are located here. The total number of people working here is therefore 130 or
thereabouts. The Laboratory's budget is approximately ten million dollars a year,
about half of which goes to pay rent for the computer.
H. T. - Could you please outline how you progressed from general circulation
to climate modelling studies?
J. S. - Our first model was very similar to Philipps's, except that we used primitive
equations so that we could study the non-geostrophic mechanics of the circulation.
Then we started making the models more sophisticated in terms of the physics, adding
radiation algorithms, coupling the troposphere and stratosphere, refining the lower
boundary layer, representing the oceans, the continents and mountains, and
accounting for the essential differences between the northern and southern hemispheres. This was built up step by step so that results accorded with contemporary
terrestrial climate records, which are about the only cast-iron verifying data we have.
Some people maintain that you can model climate with a one-dimensional model, and
of course this is true. But simple models are good for testing out simple mechanisms,
whereas in order to gain full insight into the climate system we must have a comprehensive interactive model. It has been traditional to regard climate as relating only to
the conditions felt by a human being in his natural habitat, but clearly the concept
extends far beyond that, since we have also to consider average conditions over the
oceans (or perhaps even beneath the sea surface) and at least up to the stratosphere.

H. T. -

How do you regard the problem of increased atmospheric C0 2 ?

J. S. - This is generally treated in a global context, but even if the C0 2 concentration
increases uniformly over the world, the strongest effects will be felt locally. For
instance, you may get an expansion of the subtropical belt and changes in storm-tracks,
precipitation and ice cover. These local or regional consequences are much more
important than a global mean temperature change, since they determine such factors as
what crops you are going to be able to grow at a certain spot.
H. T. - What other elements have a potentially significant influence on
climate?
J. S. - Water vapour is of critical importance, and its quantity will increase as a
result of the C0 2 increase. There are several particulate and gaseous constituents of the
atmosphere-some of them man-made-whose effects are now believed to be
comparable with that of C0 2• Although these effects are not all in the same direction, it
seems that the majority tend to enhance rather than counteract the CO" effect. In the
past, the kind of aerosols people mostly thought about were those injected into the
stratosphere by volcanic eruptions, and of course the effect of these ran counter to the
C0 2 effect. But I am convinced that even now we do not know 'the whole story,.and
that although the present evidence does give a good deal of weight to the hypothesis of
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a substantial warming at the Earth's surface, some new factors will continue to be
discovered which will keep on altering our assessment of the overall impact. What I am
trying to say is that we must remain vigilant, because the potential consequences are
far-reaching.
H. T -

And to further our understanding?

J. S. - To further our understanding we need more theoretical work and more observations. History shows that progress in theory goes hand in hand with increased
empirical knowledge; you need the observations to verify your theories, and theoretical
knowledge guides you in choosing the most intelligent observations. The main
scientific hurdles have been postulated for quite some time now. The atmosphere;
ocean interaction immediately comes to mind-back in 1965 we started building the
earliest coupled ocean/atmosphere model and the problem is not solved yet, but it is
encouraging to know that now other groups are tackling it. Atmospheric ozone is
another field for study; the photochemical and dynamic interactions in both the
stratosphere and troposphere. The cloud formation process and its role in the radiation
balance is yet another. Our models are still unable to simulate some aspects of climate
that are important for predictive applications or tests.
H. T. - You have received so many honours and awards that I shall not ask
you to enumerate them all, but which are the ones that mean most to you?

J. S. - That is a tough question. Each one means a lot because it was intended to
represent something distinct. When I look at my awards collectively, there is no doubt
in my mind that I am overvalued, that I have gotten more than my fair share of recognition. The American Meteorological Society's Carl-Gustav Rossby Research Medal is
about the highest honour a meteorologist can get in the USA, and I am in very distinguished company there. One is always pleased to have recognition from other
countries, so that the awards conferred on me in the Federal Republic of Germany, the
Netherlands and the United Kingdom were especially gratifying. But I suppose it is the
IMO Prize which has a very special significance because I was chosen from the largest
imaginable pool of candidates-world-wide and also with respect of function, because
it includes those from the fields of operations, research and administration. I feel very
humble when I see the list of recipients of the IMO Prize.
H. T. - So now you are on the point of leaving the post of director of the GFDL
which you have held for 27 years. How do you feel about it?

J. S. - Nostalgic and rather sad, naturally. I was originally asked to organize a
laboratory, but stayed on as director perhaps longer than I should have. As I said
earlier, I gave up the chance of a career in higher scientific management 13 years ago,
but never regretted it. I have seen the Laboratory grow, not just in size but more
importantly in quality; I always felt it far more rewarding to try to 'discover' somebody
rather than take on a scientist who already had a reputation, and I greatly enjoyed the
experience of watching and sometimes guiding the career of a person until he or she
became something of a leading international figure. And it has been tremendously
satisfying to see these people working together; the totality somehow seems stronger
than the sum of the parts. Several other institutions were established on the strength of
the success of the GFDL, and that is very flattering. So you can see that it is not easy
for me to leave. But, as perhaps you know, I had a heart attack ten years ago and
seriously thought of giving up then. To do a job really well one has to get completely
involved-emotionally as well-and as Laboratory director I was under stress all the
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time. I learned to place value on my time and to do only the things which really had to
be done. Soon after my heart attack, Bernhard Haurwitz wrote to me. To paraphrase
his advice: 'Well, Joe; now you can say "no" without explaining', and that prov~d to
be a very useful tip. I was anxious to leave things as tidy as I could for my successor,
and I think this is a good moment to hand over. The Laboratory is in as good a shape
as it ever has been.
H. T. -

What are your plans for the future?

J. S. - My intention is not to have any specific plans. I have plenty of personal
projects which have nothing to do with meteorology. I want to read, read for
enjoyment and also to learn something about certain subjects which particularly
interest me like history, anthropology and economics. I have some hobbies, too, which
I should like to indulge in a little more. I have been asked to give advice on several
meteorological projects, but here I shall be very choosy and only take up those which
really interest me.

H. T. - Finally, Professor Smagorinsky, what advice would you give to a bright
young student contemplating a career in meteorology?
J. S. - First, I would advise him or her to make sure they really know what they want
to do. Nowadays one does not go to college or university to learn a trade. Why do I say
this? Because in my own career hardly any of the things I learned as a student are
directly applicable today. If you had gone to university a couple of centuries ago and
learned the fundamentals of a profession, the odds are that 50 years later you would
still be doing things the same way. But today the best universities teach one how to
learn, how to be critical, because the individual is going to have to rethink and relearn
many times in his career. So it is important to choose a university carefully, and to
enter it with that in mind. Second, it is essential that the student sets himself a very high
standard of excellence, always remembering that quantity is no substitute for quality. If
he opts for meteorology, he must not aim at specializing in a certain field at the
expense of others. Finally it is most important to learn to communicate-how to read,
how to speak and how to write effectively, and this is much easier while you are still
young. By virtue of their tradition the British are as good at communicating as any
national group I know. Take Sir John Mason for example; but then he is an exception
even for an Englishman. On the other hand Eric Eady-another Englishman-did not
seem to feel he had to communicate, and this was very sad because in my opinion he
was one of the most brilliant men of the century. I am glad to say that my children are
getting much better training in communication in American schools than I got.

H. T - Professor Smagorinsky, that is a very appropriate note on which to
close the interview since, as you probably know, 1983 has been declared World
Communication Year, and I believe that the United Nati,ons wished to imply the
broadest interpretation of the term. Thank you very much for sparing me so
much of your valuable time. You mentioned a moment ago about the large
number of friends throughout the world that meteorology has brought you; I
very much hope that your departure from the GFDL will not definitively sever all
contact with them.
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Dr P. D. McTaggart-Cowan
With an area of almost ten million square kilometres, Canada is slightly larger than
its well-to-do neighbour, the United States of America. But this vast territory supports a
population barely one-tenth that of the USA, and in fact 85 per cent of the 23.5 million
Canadians live within 300 km of the frontier. Rather more than one-third of the people are
of British origin, slightly less than one-third are of French origin, and most of the
remainder have come from other European countries. The two official languages are
English and French.
Ontario is the second largest of the Canadian provinces, being surpassed only by
Quebec (the North- West Territories are larger than either, but not yet a province).
However, with its area of more than a million square kilometres, it is only exceeded
among the states of the USA by Alaska. Little more than two centuries ago, some 40 000
North American Indians had this region to themselves, but now Ontario supports a

Or and Mrs McTaggart-Cowan at Simon
Frazer University in 1967

population of almost nine million and there is still room for many more. Once away from
the littoral of Lakes Erie and Ontario and the St. Lawrence Seaway, one !s soon aware of
the untamed wide open spaces which for many is the quintessence of Canada.
Nestling among green forests and freshwater lakes some 200 km north of the city of
Toronto is Bracebridge (population about 8000), a town with an old-world charm but upto-date amenities. It stands at the junction of the northern· and southern branches of the
Muskoka River, named after a former Indian chief, Musqua Ukee, whose tribe inhabited
this area. A few kilometres from the centre of Brace bridge, on the bank of the northern
branch of the Muskoka River, stands a beautiful house with a well-organized farm and
80 hectares of land. The name on the mail-box reads 'McTaggart-Cowa.n '.
Although born in Scotland, Patrick Duncan McTaggart-Cowan has spent virtually
the whole of his life in Canada, his parents having emigrated and taken up residence in
the west coast city of Vancouver in 1913. He graduated from the University of British
Columbia with an honours degree in mathematics and physics in 1933, and the following
year won a Rhodes Scholarship which permitted him to attend Oxford University
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(England) where he specialized in quantum mechanics, at the same time distinguishing
himself at rowing and badminton. He obtained a second B.A. degree (in natural science)
in 1936.
That was the time when passenger-carrying transatlantic aircraft flights were on the
threshold of becoming reality. McTaggart-Cowan accepted the offer of a post by the
Canadian Meteorological Service which would entail organizing meteorological facilities
on the island of Newfoundland, this being the first landfall on the western side of the
Atlantic. Meteorologists who would be involved in the initial trial flights across the ocean
gathered at Croydon (then London's principal airport) where they developed, as best they
could, expertise and standard procedures. It was here that McTaggart-Cowan made the
acquaintance of a certain Arthur Davies who was subsequently to serve as WMO's
Secretary:General for almost a quarter of a century.
During the Second World War, Newfoundland became a crucial staging post for
military aircraft being ferried from North America to Europe as well as for the transport of
Allied VIPs. Another airfield capable of accepting transatlantic flights was later
constructed at Goose Bay on the coast of Labrador, and McTaggart-Cowan was brought
back to Montreal to be chief meteorological officer in the newly-constituted Royal Air
Force Ferry Command. With the experience he had gained, he was ideally placed to
participate in drawing up procedures for post-war transatlantic civil aviation operations,
andfor a while he served as Secretary for Air Navigation in the Provisional International
Civil Aviation Organization.
In 1946 he returned to the Canadian Meteorological Service in Toronto where he
was made Assistant Director and chief of the forecasting division. The infrastructure had
now to be readapted to meet peacetime exigencies, and one of the great needs was to
recruit new staff to replace air force meteorologists who had left military service for other
walks of civilian life. He became Director of the Meteorological Service in 1959, and two
years later his Alma Mater, the University of British Columbia, awarded him the first of
his seven honorary doctorates. Whilst he was Director, Dr McTaggart-Cowan frequently
and forcefully affirmed that much more needed to be done to provide university education
possibilities for budding scientists and engineers. Thus he was not disposed to turn down
the challenge when he was invited to be the founding-president of a new university being
established in his old home town of Vancouver. He left the Meteorological Service and
served as president of the Simon Fraser University from 1963 to 1968. Then he returned
east on being appointed executive director of the Science Council of Canada, an
independent body of eminent people which advises the Government on scientific problems.
An emergency arose in 1970. Dr McTaggart-Cowan was called in to direct
cleaning-up operations after an oil-tanker had been wrecked in the rich fishing grounds
along the coast of Nova Scotia. This turned out to be a mammoth exercise which took
three years, but much was learnt which has subsequently proved invaluable in dealing with
similar catastrophes. He then returned to the Science Council for a couple of years, but in
1975 decided to retire so that he could turn his hand to farming the land he had purchased
more than 20 years earlier. He is now vice-president of the Bracebridge Agricultural
Society and so has already earned the respect of the agricultural community for his
remarkable ability.
Among the awards he has received are: Member of the Order of the British Empire
(in 1944 for his services with the RAF Ferry Command); from the American Meteorological Society the C. F Brooks Award (1965), the Cleveland Abbe Award (1976) and
honorary life membership (1978); and from his home country the Patterson Medal (1965),
the Centennial Medal (1 967) and Officer of the Order of Canada ( 1979).
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This interview took place at Dr McTaggart-Cowan's home on 21 June 1983. It was a
very busy period on the farm, and the Editor is particularly grateful to him for having
spared the time to answer the questions.

H. T. - Dr McTaggart-Cowan, to start with perhaps you would say
your family background and your education.

s~mething

about

P. D. McT.-C. - My parents were both Scottish, and in fact I was born in Edinburgh
in 1912, but they emigrated to Canada the following year before I was old enough to be
consulted-not that I regret their decision in any way. My father had obtained a degree
in botany, and this was the field in which his real interest lay. However, it had been
traditional for members of his family to enter the world of high finance, and he had
dutifully conformed. Some time after we had settled in North Vancouver on the Pacific
coast of Canada, he finally decided he had had enough of economics and started up
what he called the International Test Gardens. He brought in rare plants from all over
the world, acclimatized them to British Columbia and then sold them as plants or cut
flowers. I had my schooling in North Vancouver and went on to the University of
British Columbia where I studied mathematics and physics. I obtained a double
honours B.A. degree in 1933 and tried for a Rhodes Scholarship but did not make it.
Therefore I stayed on for another year during which I instructed in the physics
department and worked towards my master's degree.

H. T. - You succeeded in winning a Rhodes Scholarship in 1934 which gave you entry to
Oxford University in England. What was your main field of study?
P. D. McT.-C. - I specialized in quantum physics, and it was an exciting time because
three of the leading figures were in England then. Erwin Schri:idinger from Austria and
Heinz London from Germany were both at Oxford, and P. A. M. Dirac was at
Cambridge. Schri:idinger was my official tutor, but since London spoke very little
English and had to lecture, I gave him lessons in English and in exchange he too
coached me in quantum mechanics. I thoroughly enjoyed my two years at Oxford. I
rowed for my college (Corpus Christi) and we did quite well. I captained the University
badminton team and also played some competitive tennis. In 1936 I obtained a B.A.
with honours in natural science. Then I had to look around for a job.

H. T. -

Was that difficult in those days?

P. D. McT.-C. - The world had not yet emerged from the Depression and it was not
easy. In the end I found I had two offers to choose between: one was from Dr J. S.
Plaskett to work at the Dominion Astrophysical Observatory in Victoria (British
Columbia), and the other was from the Canadian Meteorological Service to organize
meteorological services in Newfoundland for forthcoming transatlantic trials by flying
boats.

H. T. -

Had you received any training in meteorology at that time?

P. D. McT.-C. - None at all, but then neither had I had any formal training in
astronomy. Well, I decided on the meteorological post because it seemed more
attractive than holing myself up in the observatory for the rest of my life. The British
Government was anxious to strengthen the links between Commonwealth countries,
and for that reason was disposed to support a transatlantic air service if this were
proved feasible. Accordingly it set up a group of meteorologists to help plan the flights;
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to advise on the best sites for departure and arrival, the best routes, what facilities
would be required, and so on. Graduates entering the Service were given training
courses which focused on the synoptic meteorology of the North Atlantic. Since the
group was located at what was then London's principal civil airport, it became known
as the Croydon school. Dr John Patterson, Director of the Canadian Meteorological
Service, arranged for me to go to the Croydon school.
H. T. -

Who was the leader of the group?

P. D. McT.-C. - It was Mr S. P. Peters. He told me what books I should read in my
spare time in order to pick up some meteorology. There was Brunt's famous Physical
and Dynamical Meteorology of course, and also papers were appearing from the
Bergen school in Norway. One of the younger members of the group was D. A. Davies.
Arthur had volunteered to do several crossings aboard a slow small cargo-boat, the
Manchester Port, which plied regularly between Manchester and eastern Canada, so
that he could make an intensive series of observations and try to get a feeling for the
weather over the North Atlantic throughout a year. In spite of being seasick all the time
he completed six crossings during which he had to work virtually 24 hours a day; it
says a lot for his strength of character that he saw it through. Each time the ship docked
in England he would come down with his recordings and make a report to Mr Peters.
By the time I returned to the headquarters of the Canadian Meteorological Service in
December 1936 I had acquired a smattering of meteorology and knew where to find
the knowledge I still needed. At any rate I am sure I knew more about Atlantic
meteorology than anyone else in Canada then did. It was decided that Peters would go
to Foynes in Ireland (not far from the present Shannon Airport) which was where the
westbound flights would start the long oceanic leg, and I would be at Botwood in
Newfoundland, the point of arrival at the other side of the Atlantic.
H. T. - The object of these trial flights was to establish whether a passenger-carrying air
service across the North Atlantic could be undertaken with an adequate safety margin?
P. D. McT.-C. - Basically that was it, yes. Little or nothing was known at the time
about the conditions and how the aircraft then available would stand up to them. The
British Imperial Airways had already started services to Africa and even to Australia,
but there the stages were shorter and the weather generally better. The famous Short
C-class flying boat had recently been introduced and it proved to be an excellent
aircraft. Pan-American Airways had the Sikorsky S-42 flying boat. The experimental
flights were a joint arrangement between Canada, the United Kingdom and USA. In
Canada there were already a few coastguard stations, lighthouses and the like which
made weather observations and telegraphed them to the Meteorological Service
headquarters in Toronto to help in the preparation of marine forecasts; for the trials
this network was to be increased and a forecast service provided in Newfoundland.
H. T. -

For which you were responsible. Were you entirely on your own?

P. D. McT.-C. - I first went to Newfoundland in March 1937, and to help me get
started the Deputy Director of the Service, Dr Andrew Thomson, came with me for
two or three weeks. In addition, an expert on instruments was sent from headquarters
to see to the equipping of observing stations. I had to recruit technicians in
Newfoundland and train them in observing and chart-plotting, and was generally
responsible for getting the system going. Newfoundland was not then part of Canada
and the country was in severe economic difficulties; most of the population eked out a
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meagre living from fishing, and lived in isolated outposts. I was able to recruit some
excellent high-school graduates who learnt fast and did not object to being worked
seven days a week.
H. T -

When did the flights take place?

P. D. MeT-C.- In the middle of the summer of 1937. The C-class aircraft flew fairly
low for reasons of fuel economy, but the Sikorsky clippers flew higher and on
occasions must have approached the jet-stream level (although at that time we were
ignorant of its existence). One clipper on a westbound flight, dead-reckoning because
in cloud all the way, made landfall way down the Labrador coast, two hours' flying
time from Botwood. I could not believe that the wind had carried him so far off course

Short 'C'-class flying boat
(right) on arrival back at
Southampton (England) on 17
July 1937 after the successful
two-way crossing of the North
Atlantic.
(Photo: BBC Hu!ron Picmre Ubrw:rJ

The large French-built flying
boat Vi/le de Saint- Pierre
refuelling at Botwood

and put it down to a magnetic disturbance, such as were known to occur in the
Greenland region, having falsified his compass bearings. Everyone accepted that
explanation which was, of course, wrong. Later on in the war years with higher-flying
aircraft we learned that these strong upper winds do exist.
H. T -

Apart from the coastal stations, what weather reports did you have?

P. D. MeT-C. - There were occasional daytime reports from ships, and in particular
two ships employed to carry newsprint for the Daily Mail from Botwood to England,
whose skippers had become very interested in the trials and undertook to make and
transmit observations 24 hours a day on request. So the flights were arranged when
one, or preferably both, of these ships was at sea. We did pilot balloon ascents from
Botwood and there was a seaplane which made a daily flight to record temperature,
pressure and humidity aloft. That was all we had. I remember that the first British flight
westbound had excellent weather conditions, and when the second was scheduled we
thought it would too because there was a vast high pressure area in mid-Atlantic, so the
forecast was for clear skies. Because night-time ship observations were not available,
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we could not know that at night this area was covered by a vast sheet of low stratus.
The flying boat cruised at only 150-300 m altitude and the captain could not know that
the top was only at about 600 m. So he flew in cloud all the way, and, fortunately, his
dead-reckoning on the basis of our forecast winds gave him a landfall at Cape Race,
the south-eastern tip of Newfoundland. Because our cloud forecast had been wrong he
had thought that the winds and pressure were wrong too, so he certainly had something
to say when he came into the met. office on his arrival. Actually these debriefing
sessions were immensely helpful to us, and by the time the first season's experimental
flights were completed-without any casualties-we had learned a lot more about
meteorology. The flights were discontinued during the winter, but there were more
trials in 1938 when, in fact, a few passengers were carried. By then, however, it was
clear that the intention was to use land planes rather than flying boats, and an airfield
was being constructed at Gander, about 70 km away from Botwood. We moved the
meteorological centre there in December 1938 on a day with exceptionally heavy
snowfall.

Botwood (Newfoundland), November
1937- Dr McTaggart-Cowan (centre)
with Mr J. R. H. Noble (left) and

Mr H. H. Bindon

H. T. -

So that was the end of the flying boat crossings?

P. D. McT.-C. - No, because there were few suitable land aircraft available yet. Two
other meteorologists had joined me in Newfoundland, one of whom was Reg Noble,
later Director of the Meteorological Service from 1963 to 1977, and I left them to look
after things at Gander and went to Botwood when a flying boat was expected. Gander
airport was built close to the large lake of the same name, and a number of flying boats
started using the lake instead of the arm of the sea at Botwood. The Germans made
several successful Atlantic crossings, as did the French who had two enormous
Latecoere machines with an incredible range. I remember one departed from New
York for Botwood, but when overhead he received instructions from the operations
headquarters in Marseilles not to land but to proceed to the Azores; when overhead
Lagens the order was once again not to land but to fly directly to Marseilles. The total
distance must have been more than 7000 km. In 1939 Pan American started using the
Boeing 314 which was very successful. I have good reason to remember the last flight
of the 1939 season because it caused me to be several days late for my own wedding. It
was a Pan American flight bound for New York at the end of September; the captain
knew I had to leave Newfoundland and offered to take me as a supernumary crew
member, but the conditions were rather bad and there was a fair chance he would have
to return because of icing. I felt my responsibility was to be on the ground in case that
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happened. As it turned out all was well, but I was left to take the train across
Newfoundland, a boat across to the mainland, then a long train journey to Toronto
and finally an aircraft across to Vancouver.
H. T - This brings us up to the outbreak of the Second World War and your
involvement in the Royal Air Force Ferry Command. How did it start?

P. D. MeT-C. - When the war broke out, the previously planned civilian flights
ceased, but there were more and more people who had to be conveyed between North
America and Europe for high level conferences, and so the flying boat crossings
continued in the summer Gf 1940. Then during the following winter the British
Secretary of State for War, Lord Beaverbrook, decreed that as far as possible the
aircraft being manufactured in North America for the war effort should be flown
across the Atlantic to leave more space for other supplies in cargo vessels. They would
also be safer, since the German U-boats were then having considerable success in
decimating the Allies' convoys of merchant ships. I think the first aircraft ferried in this
way were the Lockheed Hudson bombers which were not very large and had to be
crammed with fuel tanks to permit them to make the crossing. 'Taffy' Powell was made
chief operations officer at Gander; he had been captain of that early flying boat
crossing which had had the misleading cloud forecast so we already knew each other
well. We agreed we could only let a group of aircraft take off for Europe when we were
satisfied that they could cope with the cloud and icing conditions en route and that the
situation was such that a drift off course due to unknown cross-wind components at
one stage of the flight was likely to be compensated by a drift in the other direction at a
later stage. They had to fly in groups because of the shortage of navigators, most planes
only had a pilot, co-pilot and radio operator. The ability of these pilots was nothing
short of remarkable.
H. T - I suppose wartime secrecy deprived you of a lot of your weather reports from
shipping. Could you overcome this deficiency?

P. D. MeT-C. - The British Government attached enormous importance to the North
Atlantic air routes and realized that a couple of ships would have to be stationed in
mid-ocean to make meteorological observations. Two very slow cargo boats were
earmarked for this purpose, and Mr S. Proud and Mr S. L. Portass from the British
Meteorological Office volunteered to sail as meteorologists. I had already met Proud at
the Croydon school. The ships were based at St. Johns in Newfoundland, and we had
regular radio contact with them. One day when they were both at sea the two ships
vanished without trace; presumably they had been sunk by a U-boat which had in turn
been destroyed, because a search of the records after the war revealed no report which
could shed any light as to their fate. About a week later an admiral of the United States
Navy was on his way to an important meeting in Europe; the weather was adverse and
we had grounded his flight at Gander. Since the admiral's aircraft could not leave
without our clearance he became more and more irate and tried to persuade me to let
him go. I explained the situation as I saw it, and he was sympathetic to. my difficulty of
being without any observations at all. I think he was held up for about a week at
Gander. The delay resolved him to put the case for heavily armed coastguard cutters
being stationed in the North Atlantic to maRe weather observations and transmit them
regularly; and that is just what happened. No U-boat dared enter within range of their
sonar detection equipment. At first there were three of these cutters but the number
increased steadily until there were 21 by the end of the war in Europe. Only one was
lost when it capsized during a storm in the Denmark Strait because of excessive superstructure icing. And that was really how the ocean weather ship network started.
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H. T.- When was it that you became part of the RAF Ferry Command?

P. D. McT.-C.- By 1942 it was obvious that another airfield would have to be built
down the coast of Labrador so that shorter-range aircraft could be ferried to Europe
via Greenland and Iceland, and the site chosen was Goose Bay. In winter, long-range
aircraft like the Consolidated PBY or Catalina were flown via Bermuda to Scotland.
With these developments the principal control centre could no longer remain at
Gander, and was brought back to Montreal. At about the same time the whole
operation became the RAF Ferry Command.
H. T. -

What consequences did this have on your work?

P. D. McT.-C. - One thing was that I started a training course for pilots on Atlantic
meteorology. We still had quite a lot of very experienced pilots who had been on the
job from the beginning, but there were an increasing number of younger ones with
barely 100 hours' flying time. The courses proved to be a very useful exercise because it
made the aircrews aware of our acute need for their collaboration in discussing the
conditions they had encountered en route. Later a co-ordinating group between RAF
Ferry Command and the United States Air Transport Command was set up, mainly to
avoid congestion at the transit airfields, and I was designated to serve on it as the
RAF's meteorological officer. We developed joint control instructions which later were
to form the basis of the ICAO technical regulations.

H. T. - So you were an obvious choice when it came to drafting the regulations when the
Provisional International Civil Aviation Organization came into being.
P. D. McT.-C. - As chief meteorological officer I had been involved, with 'Taffy'
Powell as chief operations officer, in recommending weather condition and ceiling
limits that should be~ placed on the various new and modified types of aircraft, so 1 was
quite familiar with aeronautical engineering requirements. In 1944--before the war
was over-a conference was held in Chicago to plan for an orderly transition from
military to civil aviation operations. For a whole month I was cloistered up with my
American counterpart, Robert Craig, in the huge Stevens' Hotel where the conference
was held, effectively translating Ferry Command criteria and procedures into a form
suitable for use in civil aviation. It was this conference which decided to set up the
Provisional International Civil Aviation Organization until such time as a properly
constituted international body could be created. The war was coming to an end, Ferry
Command had become merely 45 Group of RAF Transport Command and its
activities were diminishing, so in 1945 I was seconded by the Canadian Government to
serve as Secretary for Air Navigation in the PICAO in Montreal. I stayed on through
the Congress which formally established ICAO, but declined the offer to continue as a
regular international civil servant in a corresponding post, and returned to the
Meteorological Service in 1946. I was appointed Assistant Director and given charge of
the forecasting division.

H. T. - This was before the intmduction of the numerical weather prediction. What were
your primary tasks?
P. D. McT.-C. - To prepare new and up-to-date manuals of observations, forecast
services and communications; in fact the whole of the operational side. Our worst
problem in· the early years was the shortage of trained staff. There was such an
explosive growth in the demand for meteorological forecasts and advice that our
original assessment of manpower requirements was far too low. Incidentally, we were
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not the only ones to make such a mistake. It seems that wartime service had brought
lots of people into contact with meteorology and shown them the potential value of
weather forecasts in their varied pursuits. So we were doing everything we could to
recruit more staff. Similarly, we decided too soon that our network of observing
stations could be reduced, later having to look around for ways of reopening stations
and establishing new ones. It was largely the staff shortage which led us to be the first
country in the world to establish an extensive facsimile network for distributing
centrally-analysed weather charts. In the international sphere, we had to get together to
turn certain ad hoc wartime arrangements into permanent peacetime institutions. The
enhanced status meteorology now had was reflected in the creation of WMO, a governmental body, as successor to the IMO. This period was very exciting, and the people
concerned rose to the occasion splendidly. I am convinced the WMO was the most
effective among the specialized agencies of the United Nations, accomplishing more at
considerably less expense.
H. T - In 1957 you became Associate Director, and two years later Director of the
Canadian Meteorological Service. Had the problem of shortage of staff been resolved by
then?

P. D. McT.-C.- Far from it. You see, our pre-war university infrastructure in Canada
was totally inadequate to meet the influx of would-be scientists and engineers demobilized from military service or having entered the country among the large numbers of
immigrants. I felt very strongly that much more money should be put into the
universities. As a matter of fact at that time the Meteorological Service was not short of
money, just trained personnel, but I was not going to compromise by lowering the
professional quality of people employed because that just builds in trouble for the
future. So on several occasions I was quite outspoken -in public about the failure of the
authorities to give more support to higher education. Perhaps it was that which led the
professor of physics at the University of British Columbia (for whom I had worked
during the year I had been instructor there) to call me up and ask whether I would be
interested in being the founding-president of a new university near Vancouver which
he had been charged with creating. Well, much as I loved meteorology, here was a
challenge I could not resist.
H. T. - This was then the Simon Fraser University, named after the man who explored
the course of the Fraser River in the early nineteenth century. When did you open the
doors to students, and how many were there?

P. D. MeT-C. - After a short period during which I was constantly shuttling between
Toronto and Vancouver, my wife and I finally moved west at the end of 1963, leaving
our two children to continue their studies at the University of Toronto. The contractors
were working flat out on the construction of the buildings, and a librarian was
appointed to start getting a library together even though there were not yet any shelves
to put the books on. My next chief concern as president was to recruit lJlembers of the
faculty. We agreed that it was essential to have first class people as heads of
departments because they, even more than deans and vice-presidents, set the tone of
the university. As luck would have it that winter was exceptionally snowy; normally
there is not enough snow in British Columbia to justify sophisticated snow-clearance
equipment, but Simon Fraser University is built on the top of Burnaby Mountain and
gets more snow than the surrounding lower areas. Thus we introduced the first highspeed snowplough to the province-building work had to continue throughout the
winter because of our rushed schedule. So my knowledge of meteorology as well as my
experience of snow clearance in Newfoundland and Montreal came in very handy.
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Well, coming back to your question, we opened in September 1965, eighteen months
after construction of the University had started, and 2600 students were registered
straight away.
H. T.

~

I suppose you included a department of meteorology in the faculty?

P. D. McT.-C. ~ There were already schools of meteorology at three Canadian
universities-Alberta, McGill and Toronto-so reluctantly I had to concede that a
fourth was not imperative. However, I did give lectures on meteorology and hydrae
meteorology to biology students who are usually far too ignorant about the environment in which animals and plants have to survive.
H. T. ~ You left the Simon Fraser University in 1968 when still only in your middle
fifties. Did you feel that now the university had been born and was obviously thriving, your
post as president was no longer challenging enough?
P. D. McT.-C. ~ No. I had not intended leaving quite so soon, but as things turned
out I had a difference of opinion with the chancellor about how to deal with student
unrest arising from current political events. He was for strong-arm tactics; I felt it
could be sorted out through dialogue. The board of governors did not back me up, so I
had to leave. The man they appointed in my place was a labour economist who
brought his professional skill to the problem, and I must say he did an excellent job by
discussing the issues just as I would have done. That meant that the chancellor was
discredited and he in turn became a casualty of the affair. Anyway, the university has
continued to flourish and today has about 14 000 students enrolled. There was never
any ill feeling between the board and myself, and in fact I was invited back in 1972 to
receive an honorary LL D.

H. T. ~ Your next post was executive director of the Science Council of Canada. What
did that entail?
P. D. McT.-C. ~ The Science Council was set up to study how science was being
practised and applied in Canada and to recommend to the Government where better
advantage could be taken of available scientific and technological know-how.
Although funded from public money, it is politically independent. The executive
director is the senior full-time executive. Although reactions of democratic
governments tend to be slow, I firmly believe that history will show that the Council
played a useful role and permitted Canadian industry to improve its competitiveness. I
deliberately kept my full-time staff to a minimum, preferring to obtain special experts
on secondment from the university or industrial sectors as necessary.
H. T. - Early in 1970 you were called in to direct the cleaning up of an oil spill. This was
not part of the normal duties of an executive director of the Science Council I suppose?
P. D. McT.-C. ~ No, it certainly was not. This oil tanker Arrow, sailing under a flag of
convenience, had hit a rock in Chedabucto Bay on the coast of Nova Scotia, spilling
three million gallons (13-14 million litres) of its cargo. Any maritime disaster is a
federal and not a provincial matter, and Chedabucto Bay was an extremely rich fishing
ground. Thus the Minister for Transport was coming under great pressure because all
efforts so far at cleaning up the oil had proved ineffectual. However, the first I knew
about the incident was when the Minister telephoned saying he wanted rrie to go
immediately to Chedabucto Bay to take charge of operations, adding that he had
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already got the assent of the chairman of the Science Council. I insisted on having two
responsible people with me: someone from the military services because I should need
their help, and a chemist who knew something about heavy fuel-oils. That was agreed
to. He also assured me that I would be responsible only to him in the way I went about
the job. The research librarian for the Science Council did a superb job in getting me
95 per cent of the world's useful knowledge on oil spills documented and in a briefcase
to take when I left within 24 hours of having received the Minister's phone call. I
remember telling my wife as I departed that the whole job would be completed within
two or three weeks' time, a thoroughly inaccurate prediction.

Dr McTaggart-Cowan boards a helicopter
during the Chedabukto Bay operation in 1970
to visit the various groups fighting the
catastrophic oil spill

H. T. -

Was it crude oil that the tanker was transporting?

P. D. McT.-C. - No, it was what is known as 'Bunker-C', and its specific gravity was
0.98. When the vessel went on the rock it had broken in two, and before I had arrived
they had tried to tow it off, with the result that the bows stayed on the rock and the
stern sank-they said they could not find it. There was another three million gallons, so
far still intact, in that stern portion. It was fairly easy to calculate where it should be,
and I got a diving team from the Canadian Navy to go down to search. They found it,
fortunately still upright, in about 35 m of water. Very quickly I had scores of experts
working on various problems; everyone realized that we had an emergency on our
hands and did not stop to ask about who was going to pay. I gave as much publicity as
possible to our plight in the hope that people would telephone me with some good
ideas on how to tackle the many problems facing us. I also had to try to inform all the
local inhabitants about the situation-there were over 300 km of coastline covered with
oil; children and domestic animals were coming home covered with the oil from the
beaches and boats. Parents and owners were ignorant of, and concerned about, its
effects. A French Canadian professor rang up to say that ordinary peat-moss was
excellent for mopping up the oil, and was not itself an ecological hazard. Then a
former tanker captain rang up from New York saying he had an idea about how to get
the oil out of the sunken stern section. I got them both to come and direct operations.
There was not enough accommodation for everybody on shore, so we had to have a
government ship come simply to provide bunks. The United States Navy loaned us a
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large salvage vessel for as long as we needed it. It was a particularly unpleasant job for
the divers working in sea which was freezing, and having the leaking oil to contend
with too. By the end of August we had got most of the oil out of the hulk and could sell
it back to the petroleum company. We had to go back next year to clean up residual oil
which had come up during the winter storms and fouled beaches and also repump the
stern section of the vessel. In all, it was three years before we could say that the job was
done.

H. T. - You must have developed many useful techniques for application in subsequent
oil spills.
P. D. McT.-C. - Well, we wrote a report of five volumes which contained plenty of
recommendations. Unfortunately not many have been acted upon. What was done was
to put a tax on each barrel of oil entering the country until a sizeable pollution-fighting
fund had been created. We did learn a lot about cleaning up the polluted sea and
beaches, but if you have seen the effects of an oil-spill, you will certainly agree that the
most important thing is to prevent them happening in the first place. It is my opinion
that international marine regulations still need a lot of tightening up.
H. T. - You returned to your work with the Science Council until you retired in 1975. I
understand you had long been looking forward to taking up farming.
P. D. McT.-C.- You will remember me saying that my father had done rather the
same thing. I worked quite a lot for him in his horticultural business during the school
vacations and enjoyed it. From that time I decided I would go back to the land when I
retired. In the early 1950s we were living in Toronto, our children were 12 and 10 years
old, and I wanted to have a place out in the country where we could go and live
simply-without electricity and all the modern conveniences-so that they could do
things with their hands and muscles and gain confidence in their own physical abilities.
By a stroke of luck we heard about a farm which had been left derelict for ten years,
the farmer having died and his descendants not being interested, and found it was just
what we wanted. We bought the plot and pulled down the old barn, and during his
summer vacation the next year my son put up a new one which is still standing. Well,
we all came to love this spot, and were never in any doubt that we would come to live
here permanently after I retired. We built this house in place of the old farmhouse, and
all in all it is very comfortable. We have panels for passive solar heating and burn
wood from our own forest. Altogether we have 80 hectares of land; about one third is
arable and the rest is mixed woodland.

H. T. - You class yourself as a non-viable farmer. That means you do not make a living
out of it?

P. D. McT.-C. - That is correct. If I had no other source of income life would be
difficult. I should have to invest in sophisticated machinery and that was never my real
intention. Nevertheless, we are accepted by the community as doing the job seriously,
and I have been elected vice-president of the Bracebridge Agricultural Society. My
principal cash crop is honey; the bees produce half a ton a year of excellent honey
which is in great demand, and we also grow fruit and vegetables.
H. T. -

Have you broken all the links with your professional past?

P. D. McT.-C. - Not entirely. When I retired the National Research Council asked
me to stay on one of its associate committees, the one which deals with scientific
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criteria for environmental quality. Committee members themselves are unpaid so as to
be entirely independent, but we have a small group of highly competent scientists and
support staff. We prepare reports setting out environmental quality criteria for
substances of our own choosing-quantitative cause and effect is our main emphasis.
Take mercury in the aquatic environment, for instance-we would analyse how it gets
there, how it moves around, what damage it causes 'and how you can prevent it getting
there. It is a satisfying committee to work for, and I believe it has had a substantial
impact on tightening up regulations relating to the protection of the environment. I
have just agreed to stay on the committee for a further three years. Another activity of
mine off the farm is as member of the board of directors of the Canadian subsidiary of
a large transnational publishing firm. I am also on the selection committee for the
annual Royal Bank Award which is aki,n to the Nobel Prize but on a national scale.
H. T. - I shall not ask you to enumerate your many awards, but perhaps you would say
which of them gave you the greatest satisfaction?

P. D. McT.-C. - Perhaps because it is still fairly recent, it was being made an Officer
of the Order of Canada in 1979. This is a really high honour for a Canadian civilian. I
also cherish being a Member of the Order of the British Empire, a distinction conferred
on me in 1944 by the Government of the United Kingdom in recognition of my
services in RAF Ferry Command. My awards from the American Meteorological
Society were a great pleasure because it is always gratifying to be acclaimed by your
peers.

H. T. -

What are the most memorable events of your professional life?

P. D. McT.-C. - That is difficult to say. One must be the landing at Botwood of
Captain Wilcox and his C-class flying boat after the first crossing from Foynes, and the
news that the Sikorsky clipper piloted by Captain Gray flying in the other direction
had also arrived safely. Another thing I will never forget is when hurricane Hazel
battered Toronto and district in October 1954. It was a once-a-century event, and the
forecaster got it dead right, but the public did not believe it. The sad result was that
about 80 people were drowned. Then there was the opening of Simon Fraser
University, and the horror of seeing for the first time the Chedabucto Bay oil spill.
H. T. - Finally, Dr McTaggart-Cowan, have you any advice to offer a young person
thinking of taking up meteorology as a career?

P. D. McT.-C.- It would have to be this: Get as much formal training as you can.
When I started there was very little written on the subject, and the papers coming out
of the Bergen school were new to all meteorologists-young and old-so that I was
one of the last self-taught meteorologists. Nowadays it is really necessary to get a good
degree, preferably at the doctorate level. I do not believe it matters which particular
field the thesis deals with because the student will anyway acquire a facility with the
basic tools, and from there on it is just a case of keeping up with progress, because
meteorology is not standing still. I am confident it is a profession with a future; there is
an unending challenge, fascination and change.
H. T. - On that optimistic note it only remains for me to thank you most warmly for
having spared so much time to answer my questions and to wish you many more active
years on this admirable farm.
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Professor H. E. Landsberg

Maryland, one of the original]] states of the United States ofAmerica, is small in
size with approximately six per cent of its 27 394 km 2 covered by water (not including Chesapeake Bay). It comprises a great diversity of landscapes, from its lowlying eastern shore to the forested Appalachian foothills and mountains of its
western reaches. The first human occupants of Maryland were roving hunters in
about 8000 BC, as the Laurentian ice sheets retreated. Maryland was named in
honour of the wife of King Charles I by Cecil Calvert, Lord Baltimore, who in j6J2
was granted charter for the land so that his fellow Roman Catholics could escape the
restn'ctions placed on them in England. Leonard Calvert, the younger brother of
Lord Baltimore, founded a colony on the lower Potomac River in March 1634.

Professor H. E. Landsberg
(Photo: WMOjBianco)

Maryland has two climates; in the west it is continental with temperature
extremes of -40°C and +38°C, in the east (which is under the influence of the
Azores high pressure area) summer temperatures may reach 42°C, in conditions of
high humidity. There is enough rain to maintain reservoirs with drinking water for
Baltimore and Washington, D. C.
In Maryland, control of public education is vested in a state board of education
and county school boards; supervision and support of county public school systems
by the state began in 1870. At the apex of the educational structure is the University
of Maryland with its main campus in College Park and branches elsewhere. Among
the 22 privately run institutions of higher education, the most prominent is Johns
Hopkins University, founded in 1876, with several campuses and a world-famous
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medical school. Out-of-doors recreational activities for which Maryland is renowned
include sailing, crab-fishing in Chesapeake Bay, trolling for marlin in the ocean,
shooting wild geese in the marshes, playing lacrosse and hiking. For gastronomic
adepts, special attention is given to terrapin soup, steamed crabs and padded
oysters--often washed down with beer. However, the main reason for the Editor's
visit to Maryland University was to interJ!iew the well-known scientist and personality, Helmut Landsberg, professor emeritus.
Helmut Erich Landsberg was born at Frankjitrt-am-Main in February 1906.
At frankfurt University he studied a wide range of Earth sciences and the subject of
the disser-tation he defended for his Ph. D. was seismographic recorders. Through his
former tutor, Professor Beno Gutenberg, Landsberg was offered a post involving
teaching and research work in geophysics and meteorology at the Pennsylvania State
University, and he went to the USA in 1934. in 1941 he was appointed to the
faculty of the UniJ!ersity of Chicago which had a particularly high reputation among
atmospheric scientists of the day, the Meteorological Department being headed by
Professor Carl-Gustav Rossby. In 1949 he became a member of President Truman's
Air Pollution Committee and contributed to the formulation of air pollution legislation.
It is not without reason that many meteorologists consider Professor Landsberg
as the father of modern climatology. He wrote a book, Physical Climatology, published
in 1941, which demonstrated clearly that climatology was not simply an exercise of
geographical classification by statistics, but a well-developed applied physical science.
His use of statistical analysis in climatology was accepted in the scientific community
and caught on rapidly. Next, he embarked on a completely new field, namely the
effect of urbanization on the environment, in particular the local climate. He was
also in charge of a project which applied climatological knowledge to military
strategic planning. From 1954 to 1967, Professor Landsberg served as director of the
US. Weather Bureau's Office of Climatology, where he introduced computer methods
and encouraged collaboration between the Weather Bureau and universities. He
participated in the high-level discussions which laid the foundations for the establishment of the Environmental Sciences Service Administration in 1965 and subsequently the National Oceanic and Atmospheric Administration in 19 70. Already in 1962
Landsberg had joined the faculty of the University of Maryland, where he organized
a graduate programme in meteorology; in due course he left the Weather Bureau and
became director of the university's Institute for Fluid Dynamics and Applied Mathematics. In 1976, he was appointed professor emeritus and still guides scientists and
students in their work.
Professor Landsberg has distinguished himself highly in the international arena.
He served on several WMO working groups and in 1969 was elected president of the
Commission for Climatology and held office for the maximum period of two terms
(eight years). He conducted the affairs of the Commission with utmost skill and efficiency. His farsightedness convinced the meteorological community that much higher
priority needed to be given to climatology, and this led to the launching of the
WMO World Climate Programme in 1979.
Professor Landsberg is the author of more than 300 articles and monographs
as well as climatological reJ!iews and encyclopedia articles. His services to the American Geophysical Union began over 30 years ago and continue without interruption.
He was chief editor of the fifteen-volume series World Study of Climatology and has
himself written four books. Moreover, in his private library he has a collection of
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almost 300 volumes of early meteorological literature, especially seventeenth, eighteenth and early nineteenth century works. Readers will be interested to know that
he intends to write a series of brief retrospective reviews of these books, and thereby
to assess their impact on the development of the science of meteorology. Professor
Landsberg is a member and fellow of several associations, academies, institutes and
societies and he has received numerous recognitions and awards, including the !MO
Prize. Notwithstanding his renown, perhaps the most endearing quality about Helmut
Landsberg is his amiable character and willingness to help. In 1978, when he received
the William Bowie Medal for outstanding contributions to fundamental geophysics
and for unselfish co-operation in research, he modestly said that the citation gave
him far more credit than he deserved. There is no doubt that Professor Landsberg's
contributions to science and society will be remembered throughout the world and
for a long period.
The Editor is most grateful to Professor Landsberg for giving him the opportunity for this interview which took place on 29 July 1981.

H. T. - Please would you tell readers someting about your childhood and family
background.

H. E. L. - I was born in 1906 at Frankfurt-am-Main in what is now the Federal
Republic of Germany. My father was a physician and my mother a housewife, but
with quite a good education. During my childhood I have happy memories of .
frequent visits to relatives in the countryside, and a couple of trips to Italy. But there
was also the First World War with its terrible food shortages and frequent air-raids.
We all suffered from malnutrition; this period was a traumatic experience for me. I
had no brothers or sisters, but plenty of friends, and being a Boy Scout ensured that
I had plenty of activities.
H. T. - Which university did you go to, and what subjects did you take?

H. E. L. - I went to the University of Frankfurt and studied mathematics, physics,
meteorology, geophysics and geology, also sitting in on some courses in philosophy
and biology. I obtained a Ph.D. in natural sciences. My thesis actually was in
seismology; I made a comparison of two earthquake-measuring instruments. However, I took the full course in meteorology which included some practice forecasting.
I stayed on at the University as post-doctoral assistant to Professor Franz Linke who
had the Chair of Meteorology. One of my first jobs was to set up an observing network in the Rhineland uplands to study how to prevent frost damage to the vineyards in that region.
H. T. -- From 1930 to 1934 you were the supervisor of the Taunus Observatory.
Where was this, and what work did you do?

H. E. L. - The Taunus Observatory was part of the University's Institute of
Meteorology and Geophysics. It was high up in the Taunus Hills, about 800 metres
above sea-level, well away from the smoky atmosphere of Frankfurt. It was a fullyfledged meteorological observatory; there was even a kite station although it was no
longer in use. There was a seismological station too. Our main work was making
observations in radiation and atmospheric electricity, and also some investigations
on condensation nuclei in the atmosphere.
H. T. -- In 1934 you went to the United States of America where you were appointed
Assistant Professor of Geophysics at Pennsylvania State College. What made you
decide to go to the USA?
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H. E. L. - The professor who had supervised my thesis had gone there in about
1930, and I had casually said to him that if he ever heard of a vacant post I would
like to go there too because I wanted to learn English. Thus it was that in 1933 I got
a letter from the Dean at Penn. State saying that Professor Gutenberg had recommended me as a young and capable geophysicist and asking whether I was still
interested in a position. I wrote back and said I would be glad to come, and that was
that.
H. T. - Could you please tell me something about what you did at the Penn. State?
How long·did you stay there?
H. E. L. - I stayed for nearly seven years and established both the geophysical and
meteorological laboratories. I was able to bring in some other faculty members to do
some interdisciplinary work, and, while my initial appointment had been only for
one year, it was renewed and I got an associate professorship. We were attracting
quite a number of students; as a matter of fact one of them was George Cressman,
who later became head of the National Weather Service.
H. T. - From 1941 to 1943 you were Associate Professor of Meteorology at the
University of Chicago. What was the state of meteorological education there in
those days?
H. E. L. - The University of Chicago had just established a department of
meteorology under Professor Carl-Gustav Rossby, and it was he who invited me to
join the department. My other colleagues were Horace Byers (also an associate
professor), Michael Ference and Victor Starr who later went to MIT. We were then
engaged in a very extensive programme to train meteorologists for the United States
Army Air Corps (as it was then called-now it is the United States Air Force). There
were several other universities doing the same thing. It was a very concentrated
course; my particular teaching job at that time was a field course in which we
acquainted young cadets with instruments and instrument handling. With a large
group we did an interesting three-dimensional study on the lake breeze at Chicagosomething which was quite unusual in those days. I also gave a course in climatology
because most of the cadets had never been out of the USA and had no idea what the
rest of the world looked like.
H. T. - Was this the start of your interest in climate, or had you already done some
work in climatology?
H. E. L. - My interest started back in Frankfurt because the post-doctoral work that
I did was partly climatology; Professor Linke had a climatology project at the
University in which I supervised a number of graduate students who were evaluating
and processing data. Besides that, I did a number of other studies dealing with
climate, both in Germany and at Penn. State, although at Penn. State my interests
were perhaps a little closer to problems of air pollution.
H. T. - In those days air pollution was hardly regarded as a problem. How did you
come to study this topic which has become such a burning issue nowadays?
H. E. L. - I always had a fundamental interest in cloud physics, and of course pollutants were involved in this. I was also interested in biometeorology-the effects of
weather on health-where pollutants might play a part. Perhaps the medical aspect
came from my family background. I wrote a monograph on atmospheric condensa180

tion nuclei which was published, and then a book on physical climatology (at that
time there was no up-to-date textbook on climatology available in the USA). It was
first published by the Penn. State Press, and later came out in a much larger edition
after the Second World War.
H. T. - Now you were working closely with Rossby, whose interest was purely in
atmospheric dynamics. How did he react to someone with such diversified interests
as you had?

H. E. L. - He and I got along famously because at that time Rossby's interest was in
boundary-layer meteorology. He had earlier done some work with Montgomery at
MIT* that dealt with the boundary layer and we were given some money to tackle a
practical problem that involved the study of dunes on the eastern side of Lake
Michigan. I did the field work, and then Rossby and I figured out the theoretical
interpretation. We had a very harmonious relationship.
H. T. - Apart from the trainees for military purposes, did you also have regular
courses?

H. E. L. - These courses were sort of mixed together. Yes, we did have civilian
students, some of whom have since become quite well known like George Platzman
and Joanne Gerould, better known today as Joanne Simpson.
H. T. - This was before Palmen, Nyberg and other Scandinavians visited the
University of Chicago?

H. E. L. - Yes. The war was still in progress then of course and one could not move
around easily. Nevertheless, we did have Jack Bjerknes and Sverre Petterssen, both of
whom I came to know well. After the war we had lots of contacts with the
Europeans and of course Rossby himself had been at MIT since the middle or early
1930s and had built up a thriving department there. I can only assume that he left
MIT because the University of Chicago offered him a better position. It was a wellendowed and prestigious university with several Nobel Prize-winners on the staff.
Rossby was a very dynamic person, continuously on the move, always with a new
scheme for something or other. He was a stimulating personality and I enjoyed my
contacts with him tremendously.
H. T. - During the Second World War you were a special consultant and analyst for
the United States Air Force in Washington, D.C. What did your duties consist of?

H. E. L. - I started to do some consulting work for the U.S. Army Air Corps in
February 1942. My main work was to inform military strategists about climatic
conditions in various far-flung theatres of war so that tactical planning took this
important factor into account. In fact the Air Corps sponsored a military climatology
project at the University of Chicago which I supervised for them; a very large group
of people were analysing data, and we also looked into possibilities of extendedrange forecasting which was of interest to the military authorities. Later I started
working full time as operations analyst for both the Eighth and the Twentieth Air
Force and visited the scenes of action for a considerable length of time to see how

* Massachusetts Institute of Technology.
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the weather influenced air operations. I wrote several reports which of course were
then given very restricted circulation for security reasons.

H. T. -Which parts of the world did you visit in conjunction with this?
H. E. L. - First I visited the air route from North America via Greenland and Iceland to Europe. After that I went to parts of North and West Africa, then across to
Brazil to look at that air route, and home via Puerto Rico. The idea was to acquaint
us with what was going on, and to see whether one could establish weather statistics
in relation to various types of operations. I did a study also on the shuttle operation
between England, Italy and the USSR.

H. T. -What sort of data did you have to work on?
H. E. L. - Well, the Air Force had started to put together the northern hemispheric
charts prepared by the Weather Bureau. At that time there were available to us about
40 years of daily heniispheric charts which we used to compile basic statistics; we also
had the World Weather Records, and lots of other climatological data publications.
This was the time we began to put information on punch cards so that they could be
machine tabulated.

H. T. - Were these efforts in the Air Force co-ordinated with similar work elsewhere,
in say the Weather Bureau or the U:S. Navy?

H. E. L. - There was certainly co-operation and some co-ordination. This was
effected through the Joint Meteorological Committee consisting of Dr Francis
Reichelderfer as Chief of the Weather Bureau, Captain Howard Orville as head of the
Naval Weather Service, and Colonel Donald Yates as head of the Air Weather Service.

H. T. - After the war, in 1946 you were appointed deputy and acting executive
director of the Joint Research and Development Board's Committee on Geophysical
Sciences, and subsequently executive director when it became the Committee on
Geophysics and Geography in 1949. What was the function of this committee?

H. E. L. - The Joint Research and Development Board grew out of the wartime
activities. It was first headed by Dr Vannevar Bush, a very famous scientist, who was
essentially the scientific adviser to the President. Dr Bush felt it was necessary to
have not only a mechanism to co-ordinate research activities but also to do largescale planning in various fields. I believe there were twelve different committees
dealing with specific subjects, and one of these was the Committee on Geophysics
and Geography whose main function was to bring together people from the academic
world, from private institutions, research institutions and from various government
agencies, to lay down comprehensive plans and co-ordinate activities as far as
possible. An important accomplishment of that committee was to set up what was
originally called the Snow, Ice and Permafrost Laboratory, now known as the. Cold
Regions Laboratory. It is run by the U.S. Army in New Hampshire now, after
originally having been in Chicago. Another thing we did was to try to re-establish
contacts with scientists in the former enemy countries to help us out with our
research and acquaint us with their own research during the war.

H. T. - From 1951 to 1954 you were head of the Geophysics Research Directorate
of the U.S. Air Force. Could you please describe what you were doing?

H. E. L. - The Air Force Research Centre at Cambridge (Massachusetts) had two
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research directorates. One was for electronics and the other for geophysics. Our
task in the Geophysics Research Directorate was to do research and sponsor research
activities in the various fields of geophysics in universities. I had seven laboratories
doing research, some of which were 'classified' (i.e. secret). I remember that we
started, under the code-name 'Moby Dick', the first constant-level balloon programme,

As director of the U .S. Air
Force Geophysics Research
Directorate in 1954,
Dr Landsberg is discussing a
mountain wave project with
Dr J. P. Kuettner*
(Photo: USAF)

and Vincent Lally, who is now at NCAR, contributed greatly to that. We also started
the first numerical prediction unit under the then Major Philip Thompson, and I
charged him with running it in real time to see whether it could be done. Later the
group was transferred to Washington to become the Joint Numerical Prediction Unit.
But it had all started in Cambridge.
H. T. - So you played a major role in establishing numerical weather prediction in
the U.S. Weather Bureau?

H. E. L. - It was part of my duty as director of the GRD to see that the most
advanced methods were being fostered. For example, we also sponsored research at
MIT under Professor Starr on the general circulation of the atmosphere. In all we
provided about US $10 million each year for research out~ide our own laboratories.
One of the people that I brought into the Geophysical Research Directorate was
Dr Robert White; he was one of my early acquisitions of first-class people.
H. T - Who else did you 'discover' in this way?
H. E. L. - I had to try to fmd the best available people to tackle various fields. I
already mentioned Vincent Lally who did much pioneering work on constant-level
balloons, and Philip Thompson who worked on numerical prediction. We had Dr
Watanabe who did much of the high-level spectroscopy and things of that nature,

* Nearly three decades later, Dr Kuettner was scientific director of a much larger project
to investigate orographic effects on the air flow, namely ALPEX (WMO Bulletin 31 (4) pp.
312-320)
183

and Dr Peeples Peeters was head of the seismological laboratory. What we had was
a sort of 'brains trust' or 'think tank' in geophysics.
H. T. - In 1954 you joined the United States Weather Bureau as director of the
Office of Climatology. What climatological activities were pursued in the Bureau
in those days? How many staff members did you have?

H. E. L. - Dr Reichelderfer brought me in to reorganize the climatological service
which was in rather poor shape. As a matter of fact, a review committee had drawn
up a report entitled 'Weather is the nation's business' which was submitted to the
President. The Weather Bureau came in for some criticism, and in particular the
committee said that something had to be done about climatological services. The
prospect appealed to me because I always liked the idea of starting something new.
So first I rearranged the data-processing systems (we had a number of weather
record processing centres and I consolidated these into one major centre). Actually
we acquired the first computer there- a very primitive piece of equipment by modem
standards, but nevertheless a computer. Our objectives were to get the information
out promptly after the end of each month, and to this end the whole system of
weather record processing was changed. I had some very capable people working for
me; in Washington there was a staff of 50 or 60, and when we moved to Asheville we
had an even larger group. Several hundred people were eventually got together through
a co-operative system with the Air Force and the Navy which had detachments there
so that they could plug into the same data source. I think that was one of our major
accomplishments; the other was the creation of state climatologists (who were normally attached to the state university) in order to disseminate climatological information within the individual states of the USA. That became a very successful scheme.
Another thing we did was to establish a research unit, for which we got people like
J. Murray Mitchell Jr. and Harold Crutcher whom I was able to send to university to
acquire a higher degree (with specialization in climatology) so as to be better
qualified to serve in various capacities. Gerald Barger was another who worked with
me at that time, and we also had some very useful people who came from abroad,
such as Pauls Putnins who I believe originally came from Estonia; he did some very
interesting studies, especially on the polar regions. Then there was a young Russian
lady married to an American who did a lot of translations for us. Nobody else in
our group understood Russian, so it was very useful to be able to find out what
research was being done in the Soviet Union.
H. T. - What major studies were made in climatology in the USA during the eleven
years that you were in charge of the Office of Climatology?

H. E. L. -I certainly cannot claim all the credit; there were other people working in
climatology who probably did more than I did. Warren Thornthwaite, for example,
deserves much credit-he was the first president of the WMO Commission for
Climatology. Unfortunately, he died at an early age, but he and his collaborators did
a great deal, especially in the fields of evapotranspiration, agricultural climatology
and boundary-layer climatology. Thus, whilst I do not wish to make too many claims
for the Weather Service, we did sponsor a number of small projects, for instance a
study of the climatology of tropical storms, the results of which we published in
bulletins, and some work in biometeorology in collaboration with the medical
faculty of the University of Pennsylvania. One of our major efforts was to organize
climatological information so that it could be used in a variety of ways, quickly
selecting and putting together those types of data which were needed for a given
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purpose. We compiled the climatological charts for the National Atlas of the United
States of America-that was a major accomplishment because not only were they
very useful for geographers and other specialists, but they conveyed to the layman
the great diversity of climates. There were a number of studies on the climate of
larger cities, going into details useful for engineers designing drainage systems and
things of that nature. Finally, one of our constant concerns was to co-operate with
the people in the academic world so that there was a continuous exchange of information and material.

Dr Landsberg shows the recently appointed Chief of the U.S. Weather
Bureau, Dr R. M. White, over the archives of the former National
Weather Records Center (now the National Climatic Center) at
Asheville in 1964
(Photo: NWRC)

H. T. -

In 1965 you were appointed director of the Environment Data Service
within the Environmental Science Services Administration. Was this simply a new
title, or were your functions substantially different?

H. E. L. - This came about through the reorganization of activities relating to the
atmospheric and oceanic environments. For a time the new institution was called
the Environmental Science Services Administration (ESSA), headed by Dr White as
Administrator. Five years later it became the National Oceanic and Atmospheric
Administration (NOAA). The Environmental Data Service was essentially the same
as the old Office of Climatology, but with a number of new branches such as the
Geophysical Data Centre, the Solar Data Centre and the Oceanographic Data Centre.
My task again was to build up the infrastructure of the service now known as the
Environmental Data and Information Service.
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H. T. - In 1964 you agreed to be a visiting professor at the Institute for Fluid
Dynamics and Applied Mathematics of the University of Maryland. Two years
later you left ESSA to become research professor there. What training and research
activities were you doing?

H. E. L. - Strange as it may seem, there had never been any university activities
in meteorology in the Washington area. There was a tremendous demand for it,
especially from employees in various government agencies who wanted further
education in meteorology. I had the idea that maybe the time was ripe for a
meteorological department to be established at the University of Maryland. So I
talked to various heads of departments and others in authority at the University and
the upshot was that I became a visiting professor on a trial basis, giving a few
seminars on various meteorological topics at the same time as we began work on
drawing up a graduate programme in meteorology. We submitted a prospectus to the
Dean of the Graduate School and the University Senate and it was approved in
principle. We also got a fairly substantial grant from the National Science Foundation
that enabled us to bri11g in some other people and establish a regular graduate
curriculum with authority to grant master's degrees and doctorates. The title Research
Professor was a particular designation in the Institute because members were obliged
to spend at least half of their time on research. The National Science Foundation
gave me a grant to do some research that I had always wanted to do, namely to study
what happens when you urbanize an area. The opportunity arose at the end of the
1960s when a new town was being built between Washington and Baltimore called
Columbia Maryland. We instrumented the site and then watched how the climatological
elements changed as the town grew. We did this over a period of seven years.

The implantation of the
new town of Columbia
(Maryland) in the late 1960s
gave Professor Landsberg
the opportunity to organize
a study of the effects of
urbanization on the local
climate
(Photo: Univ. of Maryland)

H. T. - In 1968 you became a trustee of the University Corporation for Atmospheric
Research. What exactly does this mean?

H. E. L - The University Corporation of Atmospheric Research is a consortium of a
number of universities (originally there were eight or nine which were selected by the
National Science Foundation to administer the National Center for Atmospheric
Research (NCAR) in Boulder (Colorado)). Universities which have advanced
programmes in atmospheric sciences are admitted to the consortium, and we joined
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as soon as our doctorate programme in meteorology had been approved. I guess my
colleagues felt that I had the background and experience to be on the board of
trustees administering the National Science Foundation grant for NCAR.
H. T. - What other scientific occupations have you had since 1968?
H. E. L. - I have been on innumerable committees, it is hard to remember how
many, and they deal with a wide variety of subjects. Mostly they were committees
established by the National Academy of Sciences or the National Research Council
or the National Academy of Engineering. I was involved in committees on such
questions as disposal of waste, siting of power plants, how to detect first signs of an
effect of increasing atmospheric C0 2 ; for a while I was president of the American
Institute of Medical Climatology--right now we are interested in the effect of ionization produced by high-tension power lines on biological phenomena. I am also still
working with the group which deals with the national climate programme. These are
all unpaid activities of course, but I am glad to be able to share my knowledge and
experience with others in the attempt to find solutions to some of the diverse
problems which face the human race today.
H. T. - Could you evoke briefly the history of international co-operation in
meteorology predating both IMO and WMO, in particular the efforts of the
Florentine Academy, of Or Jacob Jurin and the Royal Society, the Palatinate
Meteorological Society, and the Intergovernmental Conference on Marine Meteorology
in Brussels in 1853?

H. E. L. -- This is essentially the history of meteorology since the invention of
instruments. I've always been interested in that because I think meteorology is
probably the archetype of good international co-operation. Perhaps we are forced
into it because we cannot impose national boundaries on the atmosphere and one
needs information on a world-wide basis. It started with the Florentine Academy
after the invention of the thennometer and the barometer. At first these instruments
were individually made and so were quite expensive. Only the suzerains of the day
could afford to buy them, and they would only do this if they were interested in
the readings. The barometer, or 'weather glass' as it was called, became very popular,
and came to be used for forecasting the weather at a given point, thus being marked
with qualitative criteria such as 'Stormy', 'Fair' or 'Very dry'. Later, when interest
turned more towards a synoptic view of pressure and temperature, the main problem
was calibrating the instruments on a numerical scale. This was only achieved early in
the eighteenth century when it was realized that to compare pressure readings you
need a thermometer attached to the barometer. Quite a lot of painstaking work is
now being undertaken to try to infer earlier readings at various places in terms of a
standard scale. As for thermometers, in the early stages there were as many as 30 different temperature scales. Another problem was to ensure unifonnity in the
capillaries. The winter of 1709 was exceptionally cold in all of Europe, and this fact
stimulated great interest in observing the weather. People thought that something
unusual had happened, and in fact we still do not know why it was such a severe
winter. So in 1721 the Secretary of the Royal Society, a medical doctor by the name
of Jacob Jurin, wrote a paper requesting people to make: a~~~:,;:;:;)agical observations
according to a standard procedure which he went on tc describ ). The results were
not all that had been hoped for, probably because the Jbserver; were expected to
purchase their own instruments. The real impetus to organized international cooperation came in 1780 from the Palatinate Meteorological Society of the Mannheim Academy which had been established by the Prince Elector Karl Theodor
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(WMO Bulletin 29 (4) pp. 235-238). One of the observing stations which formed
part of the Palatinate network was Hohenpeissenberg in Bavaria (Federal Republic of
Germany) which is still operating today in comparable conditions, having accumulated
more than 200 years of unbroken records (WMO Bulletin 30 (2) pp. 104-106).
Stations with a similar length of records are found in Prague and Rome. Data from
such stations are extremely valuable because they can be used to study climatic
fluctuation with some precision. Alexander von Humboldt published the first
northern hemisphere climatological temperature chart in 1817 which was really a
sensation. Brandes made the first synoptic analyses of the Palatinate network data
and clearly established the migratory nature of weather systems.

H. T. - When did you have your first contacts with IMO or WMO?
H. E. L. - My first contact was with the IMO in 1946 when Dr Reichelderfer
nominated me as member of the U.S. delegation that went to Toronto in the summer
of 1946 to re-establish contacts after the Second World War. I was the representative
on the existing Commission for Climatology. I have been associated with that ever
since-in other words, I have been in one form or another in the climate group, or
whatever it was called n the various successive re-labellings, up to the present time.
H. T. - You served as president of the WMO Commission for Climatology for two
terms, from 1969 to 1978. Were you in general satisfied with the Organization's
activities in that sphere?

H. E. L. - I have mixed feelings about that. Early on we had a bit of a problem to
get recognized. Climate was considered a very subordinate field compared with
synoptic forecasting, atmospheric research and so forth. A group of us contrived
to maintain the stature of CCI by compiling some Technical Notes which were
well received and I think were of considerable value. I believe they helped ensure
the continuation of the clirnatological work in WMO, because at one time this was
in question. Later of course came the new wave of concern about mankind's
activities changing the climate of the globe, and this was duly accentuated by the
energy crisis, so that suddenly climate had become very important. I think the World
Climate Programme was a splendid initiative.
H. T. - Do you think it has started out on the right tracks?
H. E. L. - Yes, I think it is a very good programme. There are so many aspects to it
that I do not know exactly which one is the most important; I believe the priorities
will become evident as we go along. I certainly welcome the new thrusts as regards
climatic impacts; I feel these studies will lead to new techniques to gauge the real
importance of climate in terms of national economies-up to now that has never been
sufficiently well established. I am glad to see that they are beginning to incorporate
climate into economic models. I think the World Climate Programme is going to give
an enormous boost to extended-range forecasting which I am sure has now become
far more important than day-to-day weather forecasts.
H. T. - In the WCP, what do you feel should be the respective roles of WMO as an
organization on the one hand, and of its Member countries on the other?

H. E. L. - WMO is essentially a planning and co-ordinating body, and I think its main
function is to give guidance to individual countries as to their national climatological
activities. The national problem is to get people properly trained to undertake these
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activities and to do the research work that is appropriate to their particular conditions. I believe the fundamental problem will be that of having available in all
countries the requisite trained staff, and here WMO can help with fellowships and
like support.
H. T. - You are a member of a great many associations, academies, unions, institutes
and so forth. What is the significance of Sigma Xi, Sigma Pi Sigma, Sigma Gamma
Epsilon and other combinations?
H. E. L. - These are specifically American honorary societies. You a.re elected for
your proven efforts; Sigma Xi is a scientific research society, the counterpart of the
honorary society Phi Beta Kappa on the humanities side. Sigma Xi publishes the
journal American Scientist and arranges scientific meetings and so on. Sigma Pi
Sigma is an honorary group in physics and Sigma Gamma Epsilon is in the Earth
sciences.
H. T. - In 1960 you received the Department of Commerce's highest honour, the
Award for Exceptional Service, for your major technical contributions to meteorology
and climatology. Could you please say something about the history of this award?
H. E. L. -Each of the government departments has one of these awards; it is rather
like the medals given for outstanding performance in one of the military services. A
number of awards are made each year to employees who are judged to have done a
good job. There are usually three levels: gold, silver and bronze, the 'Exceptional'
Service Award is a gold medal. I do not know exactly when it was established, but
presumably it has been going on for some time, certainly since the end of the war. A
number of meteorologists have obtained that award in the Department of Commerce,
for example I know that Dave J ohnson got it for his work relating to satellites. In fact
there is quite a long list. Of course it does not apply just to Weather Bureau people
in the Department of Commerce, but to all engaged in economic activities.
H. T. - You received the American Meteorological Society's Award for Outstanding
Achievement in Bioclimatology in 1964. What exactly is bioclimatology, and what
were your personal contributions to the discipline?

H. E. L. - The bioclimatology award is given each year by the AMS. I believe I was
the second person to receive it. The work I had done was somewhat related to
WMO's activities. For example I had written Technical Note No. 22 Preparing climate
data .for the user published in 1958, and Technical Note No. 123 The assessment of
human bioclimate: A limited review of physical parameters published in 1972, as
well as a number of relatively short papers. I figured that we spend a great deal of
our time indoors, and the relationship between the climate indoors and outdoors
was not really very well known, so I did some work on that. The AMS brought out
a series of little textbooks for high school and early college students to acquaint
them with atmospheric problems, and I was given the task of writing one on weather
and human health. It was published and sold quite a few copies. I wrote one paper
that I have never been able to live down: it was a paper on the climate in bed. I felt
that since one-third of our lives is spent in bed, we ought to know whether we are
really comfortable or not. People regarded this as a great joke.

H. T. - Does the climate in bed vary as a function of geographical location? What
other factors are involved?

H. E. L. - First I must make it clear that we are speaking about a bed occupied by
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only one person. Yes, it does. The temperature in the bed depends on the initial
temperature, in other words if you put a maximum/minimum thermometer in your
bed you can find how the temperature changes as you occupy it. The temperature
will depend on all kinds of variables, for instance whether the windows are open or
closed, what state you were in when you entered the bed, so it is not as trivial as it
may sound.

Leningrad, August 19 71 - The clirnatological triumvirate of Professor
H. Flohn (left), Professor Landsberg and Professor M. I. Budyko on
the occasion of the WMO/IAMAP Symposium on Physical and
Dynamic Climatology

H. T. -- You have been very active in the AMS and the American Geophysical Union.
What sort of work were you doing with these societies?

H. E. L. -- I served on the AMS Council (that is its governing body) for a number of
years and I was vice-president for one term. I served as chairman of the Board of
Meteorological Abstracts and Bibliography, an activity I consider to be extremely
important because people can be informed about scientific literature only if it is
appropriately indexed, and nowadays the output of literature is so rapid that there
must be a journal of this type. I was really happy to be associated with that work.
In the American Geophysical Union I served as president of the meteorology section,
and later also as president of the Union itself. I served on the AGU translation board
which publishes a number of journals containing translated papers-another very
important activity because it is the only way we can discover the contributions to
science of those who write in languages with which we are not familiar.

H. T. - You have a very impressive list of published work and there is no time to go
into details now, but please tell readers about the book you showed me this morning.

H. E. L. -That was a book on urban climate. As I said earlier, I was always interested
in the changes to the atmospheric environment that the human race was causing, and
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I have been working on that particular topic for 27 years now. I mentioned the major
experiment at Columbia Maryland when we watched the changes that took place as
that area was urbanized. Finally I thought it was time to document my own
experiences and the work of others, especially the people who worked on the Metro·
mex project at St. Louis. The Academica Press was kind enough to invite me to write
that book.
H. T. - What scientific work are you doing at present?
H. E. L. - My present work is fairly diversified, but my main efforts are on the
resurrection of old weather records, in the form of either instrumental records or
diaries. With a couple of students I have been working on the St. Petersburg
(Leningrad) records, and we are now examining an early eighteenth century diary
from New London (Connecticut) and trying to interpret some data collected in
Wroclaw (formerly Breslau) in Poland.
H. T. - Do you still maintain contact with WMO activities?
H. E. L. - Yes, I read the WMO Bulletin in great detail, and I am always happy
to talk with people from WMO and participate in any activities that I can.
H. T. - What were your feelings when you first heard that you had been awarded
the twenty-fourth !MO Prize?
H. E. L. - I heard about it over the telephone from Dr George Benton*, I had

not yet received the telegram from the Secretary-General. I was dumbfounded;
I simply could not believe it. For one thing, I was sure that there were other
candidates who were better qualified, and for another thing, it was unheard of to
select a climatologist. So I was staggered, but delighted.
H. T. - If you were asked to give advice to a young person who wished to take up
meteorology as a career, what would this be?
H. E. L. - That is a difficult question to answer. As an academic teacher I have

certain prejudices; obviously it is quite clear that people who want to study
meteorology and the atmospheric sciences have to be very good in mathematics and
physics, and I think they should also begin to take a look at chemistry as well,
because atmospheric chemistry is becoming a very important topic now. Statistics is
another subject they should not neglect. It is unfortunate that nowadays one
probably cannot cram everything into a course on meteorology, because things like
numerical prediction will require a good bit of background in computer science. So
some things will have to be acquired at a later stage. But one thing that I would
strongly advocate is that the young person spend as much time as possible out of
doors; climb mountains, go to the seashore, get a feel for the atmosphere and the
environment. I cannot help feeling that a great many of our modern meteorologists
do not really know how the atmosphere operates; they are rarely outside, most have
never made regular weather observations, and do not know the precision of the
various instruments, the accuracy· of radiosonde information for instance. They see
satellite pictures, synoptic analyses, and things of that nature, but I have the impression that they are not really acquainted with Nature as she actually runs. Since the

* At that time Dr Ben ton was Permanent Representative of the USA with WMO.
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atmospheric sciences deal with natural phenomena, I think that you should live with
them for a while. I have been in a tropical storm on land, at sea and in the air, and I
can assure you that you get a much better feeling for what is going on when you
experience it first hand in this way, rather than just looking at a small squiggle on
a weather map.
H. T.

Professor Landsberg that brings us to the end of the interview. Thank you
very much for according the WMO Bulletin this opportunity, and we wish you the
best of luck and good health for the future.
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lng. C. Urrutia Evans

Guatemala is the third largest of the Central American republics. It has an
area of 108 889 km 2 and a population of about six million, made up of two principal groups: the pure Amerindians and the Ladinos, the latter being of mixed Amerindian and Spanish descent. Although the official language is Spanish, about 20 different Indian dialects are current: Between the first and ninth centun·es AD flourished
the remarkable and enigmatic Mayan civilization. At Tikal, in the north of the
country, one can still find a group of pyramidal structures, some of them 70 m high,

lngeniero Claudio Urrutia Evans
(Photo: WMO/Vuarchex)

built around a central square. This is believed to have been the centre of a cultured
Mayan civilization between 300 BC and AD 500. Descendents of the Mayds later
mixed with other Indian tribes and formed small kingdoms which existed until
the arrival of the Spanish conquistadores early in the sixteenth century.
The mountain ranges which run through the southern part of Guatemala
include several imposing volcanoes, and culminate in Tajamulco (4210 m), the
highest summit in Central America. The region is prone to earthquakes. The staple
food grown in the upland valleys is maize and beans, whilst the principal export
is coffee. The fairly flat northern part of the country is covered by forest and jungle
with valuable hardwood trees. Although the country lies within the tropics, its
topography ensures a diversity of climates. At sea-level, mean annual temperatures
are between 25 and 30°C and humidity is high; in the temperate zone (600-2000 m)
they range down to 1 ~C.
The past halfcentury has seen the national Meteorological Service of
Guatemala develop from a tiny unit, mainly concerned with a seismograph and
with maintaining climatological records from a handfUl of stations, into a fullyfledged national institution playing its part in providing the global meteorological,
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hydrological and seismological facilities the modern world has come to expect.
For almost 40 years it was directed by one man, Jngeniero Claudio Urrutia Evans,
and it was he the Editor of the WMO Bulletin went to interview in February 1984,
one year after Mr Urrutia had retired.
Mr Urrutia seemed to have lost none of his energy and enthusiasm sin<;e the
Editor had last seen him some 17 years before. He lives on the south side of
Guatemala City in a comfortable airy villa with plenty of windows and skylights,
and a small but well-planned and colourful garden. The 'house is full of interesting
souvenirs collected by Mr Urrutia on his travels.
The Editor was taken by his host to see a celebrated local tourist attraction,
as fascinating as it is instructive. A little way out of the city, in a beautifully kept
park, there is a model in relief of the whole of Guatemala on the scale of 1:10 000
(horizontal) and 1:2000 (vertical). It was constructed in eighteen months in 1904/05
under the direction of Mr Urrutia Evan 's father, Ingeniero Claudio Urrutia Mendaza,
a famous civil. engineer and surveyor who had travelled the length and breadth
of the country, often on foot or horseback, to verify and correct the existing maps.
After the site for the model had been perfectly levelled, lines of latitude and longitude were drawn, and then templates corresponding to height contours were placed
in position. The model was built up with bricks, mortar and cement, and from
a cistern beneath the highest part (the Alto Cuchumatanes), water was made to flow
down the courses of the rivers to fill lakes and enter the seas.
As will be seen from the interview which follows, Mr Urrutia Evans has clearly
inherited his father's profound interest in physical geography. He is a well-known
and respected figure, and his abilities have been widely recognized. On completing
50 years in the national Meteorological Service he was awarded the prestigious
title Gran Official de la Orden del Quetzal. It only remains to congratulate Mr Urrutia
on his long career and his continuing vitality, and to thank him most sincerely for
according this interview which took place on Saturday 18 February 1984.

Part of the scale model of Guatemala constructed early in the century by
Mr Urrutia's father. The highest mountain ranges fall away to the Pacific
coastal plain on the right
(Photo: H. Taba)
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H. T. - Ingeniero Urmtia, it is usual for me to start by asking you to say something
about your family background and childhood.

C. U. E. - I was born in Guatemala City in 1910. My father, Ingeniero Claudio Urrutia
Mendaza, was of Basque origin, and my mother, Carlota Evans, was of British descent.
I have five brothers and a sister, all younger than me. My wife is Victoria Guillioli
and we have one daughter and two grandsons. My childhood was a very happy one;
at the age of five I went to a German school, then to various other private schools in
the city, until at the age of 13 I was sent to St. John's College in Belize from where I
graduated four years later with my high school diploma. A short while later I went
to the USA to study at the University of Louisiana at New Orleans, but because
of the Great Depression I had to return to Guatemala in 1929 with no more than
a B.S. Nevertheless I continued to study engineering privately, taking various open
examinations as one could do in those days.
H. T. -Was this in addition to full-time employment?

C. U. E. - Yes. In spite of the Depression I was able to get a job as clerk in the
bridges and buildings department of the International Railways of Central America
(IRCA) which fortunately gave me the opportunity to do practical work as well
as further my academic studies in engineering. I had a splendid chief who was a
Norwegian; he left for China in 1930 and offered me a job there, but although
greatly tempted I decided that I could not accept. At the end of 1930 I left the
IRCA and kept an automobile service station, being a mechanic and also repairing
domestic electrical apparatus.
H. T. - This seems to be a long way from meteorology. What was it that led you
to change your profession?

C. U. E. - My father was very interested in natural science. He had a great library
and was himself an excellent teacher. I remember when I was six or seven years
old watching him read off various instruments he had installed; there was a raingauge, a hygrograph and a hypsometer as well as a mercury barometer. Then in 1919
he ordered the first seismograph in the country, and built an underground housing
for it. He designed the National Observatory in Guatemala City which was inaugurated on 15 September 1925 by the President of the Republic, General
Jose-Maria Orellana. My father was its first director. Well, in his library I found books
on climatology, hydrology, vulcanology, seismology and a host of other disciplines so
that I was able to pore over them and broaden my studies in diverse fields, especially
those involving physics and mathematics. There was a change of government iri 1931,
and as a result of this I had the possibility of applying for a post in the National
Observatory. I was selected and officially designated Second Assistant on 15 May
1931.
H. T. -What work was carried out by the Observatory at that time?

C. U. E.- The seismograph which my father had obtained from Georgetown University, Washington, D. C., was installed in a specially designed building and is there
to this day. Some work on climatology was done with the help of a few small stations
spread over the country. Climatological and seismological bulletins were issued,
the first of which came out in 1928, the year that Guatemala became a Member
of the International Meteorological Organization. The staff of the Observatory
consisted of the director, first assistant, second assistant, telegraph operator and
three other men who served as gardeners and caretakers. I had only been in office for
a few months when there was an extensive reorganization in the Government; my
father was appointed General Director of Public Works, but he died three years
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later in 1934. When he left the Observatory, his position as director was taken by
Ingeniero Saul D<Heon and I moved up to first assistant. During the years that
followed, the economic situation was such that little could be done to increase the
budget of the Observatory, although appreciative coffee-growers made donations
from time to time and we did our best to provide them a good service.

H. T.

~

Did the present Meteorological Service grow out of the Observatory?

C. U E. - Yes. It was not until 1976 that the National Observatory was replaced
by the Instituto Nacional de Sismologz'a Vulcanolog(a, Meteorolog(a e Hidrolog(a,
more conveniently known by its acronym INSIVUMEH. But going back in time,
the President of the Republic resigned in October 1944 and the Government was
taken over by a triumvirate. The following month I was appointed director of the
National Observatory.

H. T. - You were still only 34 years old, an early age for such a senior position.
This would mean that you came into contact with meteorology at the international
level. What do you remember most about that?

C. U E. - Important events took place in 194 7, as you well know. I attended the
last meetings of IMO's technical and regional commissions which were held in Toronto,
and this gave me the opportunity to become acquainted with some of the outstanding personalities of the day such as Dr Angstrom, Dr Reichelderfer and, of course,
Mr M. F. Taha from Egypt who was later to become President of WMO and whom
I am proud to consider a friend. I also got to know Dr G. Swoboda, Chief of the

Toronto, September 1947 At the final sessions of the IMO
Regional Commissions for South
America and North and Central
America. Left to right:
Mr F. X. R. de Souza (Brazil);
Dr F. W. Reichelderfer (USA);
Mr D. Larraga (Mexico);
Mr Urrutia Evans
(Photo: Canada Pictures)

IMO Secretariat and later first Secretary-General of WMO. From Toronto many of
us went to Washington, D. C. to attend the Conference of Directors from 22 September to 7 October 194 7, when the Convention establishing the new World Meteorological Organization was signed. I was the only delegate from Central America, because
at that time the other countries in the region were not Members of IMO. This occasion
was an important landmark in international meteorology, but you can imagine
that for me it was really and truly memorable.

H. T. - The Convention establishing WMO came into force on 23 March 1950. Were
you automatically designated the Permanent Representative of Guatemala?
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C. U. E. - My country formally acceded to WMO on 21 April 1952 and the
Government confirmed me as Permanent Representative on 27 September of the
same year. I held that position continuously until I retired on 31 January 1983.
Incidentally, I have calculated that my length of service in the National Observatory
and INSIVUMEH totalled 51 years 9 months and 15 days.
H. T. - That is a remarkably long professional career. What major developments did
the Meteorological Service undergo during that period?

C. U. E. - I believe our main achievement was to turn a small'and almost unheard-of
group of workers in atmospheric and Earth sciences into a respected national institution whose services are now widely sought after. As we succeeded in demonstrating
our potential, so our budgetary allocation grew to allow us to improve our usefulness.
In 1931 the Observatory had a network of four climatological stations. Now
INSIVUMEH has more than 300, of which 27 are type A, 55 are type B and the
remainder types C or D. In addition, there are eight stations in the Basic Synoptic
Network providing regular observations for international exchange. The hydrological
network comprises 93 stations covering most of the important rivers of Guatemala.
We inaugurated our rawinsonde station at La Aurora airport in 1973, the year that
the Regional Association for North and Central America held its sixth session here.
Then we set up an APT readout station and installed reliable radio links with the
synoptic stations. Most of our instrumentation and equipment we obtained through
WMO technical co-operation programmes (including the VCP), and we must not
forget that this extended also to training fellowships. In this we had valuable support
through the Pan American Institute of Geography and History (PAIGH) and bilateral
arrangements with certain other countries such as Argentina, Israel, Spain and the
USA.

H. T. - How did the transformation from the National Observatory to INSIVUMEH
come about?

C. U. E. - I had long been convinced that we could provide a much more efficient
service if the various activities which were being carried out within different governmental departments in the fields of meteorology, hydrology, seismology and so on
were to be brought together in one institution. It was the catastrophic earthquake
of 4 February 1976 which provided the stimulus and possibility for such a fundamental reorganization. At the end of March 1976 INSIVUMEH was created by
governmental decree. I already mentioned how the meteorological facilities have
benefited. In its latter days the Observatory employed 138 people, but by absorbing other groups the number rose to 598. Likewise the budget increased from
approximately Q 138 000 to Q 1.4 million (one Guatemala quetzal is equal to one
U.S. dollar). At the same time we have seen the number of ingenieros grow from two
to fourteen, and specialists from two to over forty.

H. T. - You mentioned the Pan American Institute of Geography and History a
moment ago. Is this an intergovernmental body and were you much involved in its
affairs?

C. U. E. - Yes, PAIGH is an intergovernmental organization, with originally 21
countries in North, Central and South America and the Caribbean being members.
It was established in February 1928 and has as its purpose to encourage, co-ordinate
and publicize geographical, historical and cartographical studies as well as other
related scientific studies of interest to the Americas. There is a General Assembly
every four years and an annual meeting of an Executive Committee. My first contact
with PAIGH was at the sixth Assembly at Mexico City in 195 5. From then on I
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was a member of the Guatemalan national section, first as vice-president and from
1967 as president. I also served on the Institute's Directing Council. There are four
commissions - on geography, history, cartography and geophysics. The main headquarters is in Mexico City, but assemblies and Executive Committee meetings may
be held in any member country which puts out an invitation, and this gave me the
opportunity of travelling widely in the Americas.
H T. - What offices have you held in WMO constituent bodies?

C. U. E. - My country hosted the sixth session of Regional Association IV in 1973
and I had the honour to be elected president of the Association for the following
four-year term, and thereby also member of the WMO Executive Committee. This
permitted me to renew my acquaintance with Dr Davies, who was then SecretaryGeneral, and also to get to know better some of the staff in the Secretariat responsible for WMO activities in my Region who were enormously helpful to me. I am
sorry to say, however, that my heart was not really in the Guatemala City session
of Regional Association IV because I had just lost my mother.

H. 1. - When you took over directorship of the National Observatory of Guatemala,
what was the situation in other Central American countries as regards meteorological
services?

C. U. E. - It is very difficult to make a comparison, but if we exclude the Panama
Canal Zone, which was run by the military service of another country, I would
venture to say that Guatemala was slightly ahead of the other Central American
states. El Salvador did have a national Meteorological Service and Costa Rica was in
the process of building one up, but generally speaking it was only in the 1970s that
meteotology really got off the ground in all six countries.

H T - I should like to turn now to the large-scale hydrological project in which
you played an important part in the 1960s.

C. U. E.

~ You must be referring to the Usumacinta project. The Usumacinta River
rises in the mountains and flows north or north-west into the Gulf of Mexico, and for
a considerable distance forms the boundary between Guatemala and Mexico, although
its lower reaches are entirely in Mexico. In 1963 I was appointed to a commission
charged with investigating the feasibility of using the river for hydroelectric power
generation, and for me this involved studying the part of the Usumacinta basin
within Guatemalan territory, as well as trying to obtain results of studies of the
Mexican portion. So, with a few assistants I set up a headquarters out in the wilds in
1965 and we started looking around for suitable sites for installing hydrometric
stations. The first we built on a tributary called Rio de la Pasi6n at a site known as
El Porvenir; between 12-metre towers the cable spanning the river was about 300 m
long. A meteorological station was installed with radio communication, living accommodation for four families plus a guest house, storage space, helicopter landing
pad artd so on. lt was completed in 1967. We found the mean streamflow there to
be 215 m 3 s-I. the rtext station we established was on the Salinas River in the
southern part of the basin, similar to El Porvenir but with a span of only 190 m.
It is called Chixoy, and was finished in 1969. Then we moved north to the main
Usumaclrtta River, where, on the right bank of the river (the Guatemalan side), we
built the station which has been given the name Urrutia. The well for the waterlevel recorder eXtends 23 m above the mean stage of 8 m (the annual variation is
around 19 m), and I devised a two-cable system where the first works up to stage
10 m and is geared to the second which works from 10 m up to the recorder level.
Our measurements indicated a mean streamflow of around 350 m 3 s- 1 but with
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peak discharge reaching 5000 m 3 s- 1 • Even before work on Urrutia station was
finished, we went on still further north into the flat jungle country and established
Mactum station on Rio San Pedro. It is a beautiful placid river with very clear water,
and the towers only needed to be eight metres high with a spanning cable 95 m
long. All transport had to be by air or by water; at present there are few roads up
there, but this will soon change with the arrival of petroleum prospectors.

In quest of a site for a
hydrometric station as part
of the Usumacinta project in
1965, Mr Urrutia and two
assistants seek information
ftom a local inhabitant

H. T. - I believe that on your initiative the directors of national Meteorological
Services in Central America had regular meetings to discuss common problems?
C. U E. - It was in 1958 that I organized the first of these meetings at the National
Observatory. Costa Rica hosted the second in 1960, El Salvador the third in 1963
and the fourth in October 1964 was again in Guatemala when we presented the
delegates with copies of the Climatological Atlas of Guatemala. In 1966 the first
meeting of the Comite Regional de Recursos Hidrdulicos (Regional Committee for
Water Resources) was held in El Salvador, and from then on the meeting of directors
of Meteorological Services has been held in conjunction with the annual session of
the CRRH. The fifteenth meeting of the CRRH in May 1981 was specially arranged
in Guatemala City to mark the golden jubilee of my career in the national Meteorological Service.

H. T. - The climatological atlas that you published in 1964 was the first for your
country?
C. U. E. - Yes, it was. We laboriously tabulated 20-year precipitation and temperature data for more than 200 stations, and, with the help of the National Geographic Institute in printing, we produced maps of mean monthly and annual temperature and precipitation, number of rain days per annum and mean relative humidity.
It is now 1984, so that data for a further 20 years have accumulated, and I hope that
my successor will compile a new edition of the atlas. He has far better data and
computation facilities than we had, so the new one should be more reliable.

H. T. - Apart from the Usumacinta project in Guatemala, I believe there was a
regional hydrometeorological project for the Central American isthmus. Could
you please recall some of the main features of this?
C. U. E. - The regional project, which we refer to as PHCA, was conceived by the
Economic Commission for Latin America of the United Nations at the beginning
of the 1960s, and the project itself in fact gave birth to the CRRH. With support
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from the UNDP, networks of some 60 synoptic meteorological stations, 240 climatological stations, 700 rainfall-measuring stations and 400 hydrometric stations
were installed in the six countries (Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua and Panama). At the same time, a special course in meteorology was
launched to provide the necessary training for personnel from the Services of these
countries, and in parallel with the PHCA, a Chair of Meteorology was instituted at
the University of San Jose (Costa Rica); the courses produced splendid results. In
a second phase of the project, data-processing centres were set up in each country
and studies undertaken with a view to assessing the hydroelectric potential of each.
The project manager was Mr E. Basso,·very hard-working and with the rare gift of
being able to get along with the governments and personalities of six very different
countries. I was, and still am, vety grateful to him and to the other experts, as well
as to the UNDP contributing governments which made the project possible. I cannot
speak for the other five countries, but for Guatemala the project was certainly
successful anq highly beneficial, and the momentum it generated has not been allowed
to die away. May I just add another thing in connection with the project; it relates
to the climatological and hydrological atlas of the Central American isthmus using
data acquired from the newly implanted station networks. I ordered the chief of the
meteorological and climatological section of the Observatory to draw a climatological map showing the six countries. In 1971 five of the countries were celebrating
the sesquicentenary* of independence from Spain, and it was my intention to
present the chief delegate of each CRRH country with a copy of the map imprinted
on a beautiful piece of wood covered with high quality glass, with a dedication on
the back. Unfortunately word leaked out about this, and I was ordered to give these
masterpieces to the national Congress, at which level the principal celebrations
were to take place. I did as I was told, but I am sorry to say I never heard anything
more about them; certainly no word of praise or gratitude from anyone. However,
the maps themselves were published some years later under the PHCA through the
PAIGH headquarters in Mexico City.
H. T. - You already mentioned the terrible earthquake of 4 February 1976. What
toll did it take in lives and property?

C. U. E. - Unfortunately earthquakes are a recurring hazard in Guatemala. The
former capital, Antigua, established by the conquistadores early in the sixteenth
century, was razed to the ground in 1773, and Guatemala City itself was virtually
demolished in 1917. The 1976 earthquake measured 7.5 on the Richter scale; the
first shock occurred at 03.02 local time, its effects being compounded by a second
shock of similar strength at 03.25, followed by a prolonged series of tremors that
continued until the month of July. The death toll approached 25 000, and more
than a million people were rendered homeless. Buildings over one-third of the country
were destroyed. This made the authorities realize the importance of seismology,
and, as I said earlier, INSIVUMEH was created less than two months later with a
substantially augmented budget.
H. T. - How did you utilize the extra funds?

C. U. E. - We immediately started to build up a network of teleseismic stations
over the country, and five years later 29 out of a planned 33 had been installed.
The current world financial recession has had a negative impact on the project, but
nevertheless I believe that for its size and gross national product, Guatemala has
one of the best seismological networks in the world.
*One hundred and fiftieth anniversary
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H. T. - Can you please say something about your published works?
C. U. E. - I was appointed visiting professor at the Agricultural Institute, and,
mainly for the purpose of the course I gave, I wrote a small treatise on agricultural
meteorology. Since then I have written papers on meteorology and seismology (notably a study on the effects of weather on the coffee crop), as well as articles on
completely different themes such as fishing, music and motorboats. You must
excuse me, but I have quite lost count of the papers I have written and lectures I
have given.

Guatemala City,
December 1973 - On the
occasion of the sixth session
of the WMO Regional
Association for North and
Central America. Left to
right: Mr Urrutia; H. E. Mr
M. Martlnez, Minister for
Agriculture; Mr R. H. Noble,
retiring president of the
Association; Dr K. Langlo,
Deputy Secretary-General
ofWMO

H. T. - You have been awarded several honours and decorations. Which one gave
you the greatest satisfaction?

C. U. E. - In December 1958 I was made an honorary citizen of the City of New
Orleans which is an honour that I really appreciate. In 1966 I received a gold medal
for my service with the Government, and a year later ·a diploma. However, the
distinction I treasure the most is my elevation to Gran Oficial de la Orden del
Quetzal when I had completed 50 years of service with the national Meteorological
Service in 1981. The Orden del Quetzal was created in 1936 and comprises four
levels: Gran Cruz, Gran Oficial, Comendador and Oficial. The first one is only
given to heads of state. One other title that I cherish is that of Honorary President
of the Meteorological Services of Central America; this was conferred on me by my
counterpart directors in the other five countries. I have been made an honorary
member of various societies, including the 'Claudio Urrutia' Cartographic Association, the Cosmobiological World Group, the Scientific Societies of Paris, and the
Fire Association of Rio de 1aniero. I am also a Knight of Colombus, fourth grade.

H. T. - What are your favourite pastimes?
C. U. E. - Fishing and mechanics. I have practiced fishing since I was 15, and it has
given me some thrilling moments. The best sport was in the UsumaCinta River and
its tributaries. My biggest catch was in June 1979. I was fishing from a 15-foot
fibreglass boat with a 135 hp outboard motor, and the fish took more than six
hours to secure. It was a tarpon 3.35 m long and weighing 185 kg!

H T. - That is what every game-fisherman dreams of! Apart from this, what was
the most unforgettable event of your life?
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C. U. E. - Without any doubt it was when I received the Gran Oficial de la Orden
del Quetzal in the presence of my family, the directors of the Meteorological Services
of the other Central American countries, colleagues from the WMO Secretariat, as
well as other close friends. Later I was really delighted to receive a letter from
the Secretary-General ofWMO when I retired from INSIVUMEH.

Mr Urrutia's proudest moment
as the Minister for Foreign
Affairs (right), assisted by the
Chief of Protocol, bestows on
him the insignia of Gran Oficial
de la Orden del Quetzal

H. T. - How do you see the future of Meteorological Services in Central America?

C. U. E. - There is much that needs to be done. I hope that the WMO Executive
Council will give more attention to this region and assist in developing meteorology
and hydrology. We need more fellowships and opportunities for postgraduate studies,
concentrating particularly on technicians; we must have experts who know what
the requirements really are in each of the six countries. Let us have more efforts
like the PHCA, building on the experience gained. I hope it will not be long before
we once more have a permanent representative of a Central American country on
the Executive Council.
H. T. ---' Ingeniero Urrutia, this has been a fascinating glimpse into your long and

fruitful career, and an interesting appraisal of the status of meteorology in Central
America. Thank you very much for the trouble you have gone to, and I wish you a
long and active retirement in this beautiful country.
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Or A. Nyberg

Culturally speaking, the five Nordic nations: Denmark, Finland, Iceland,
Norway and Sweden, are closely related. They are sometimes collectively referred to
as Scandinavia, although geographically speaking this only applies to Norway and
Sweden. The first human inhabitants had already arrived in what is now Denmark at
the end of the last Ice Age. The direction from which they came was the south or
south-east. Vikings figure in world history because of their epic exploratory sea
voyages between about AD 800 and 1200, but during that period missionaries from
further south were penetrating into Scandinavia bringing Christianity and their own
cultures.
With an area of approximately 450 000 km 2 , Sweden is the largest of the
Scandinavian countries. It is divided into four physical regions: the lakes and
mountains of the northern half (Norrland), the central lowlands (Svealand}, the
Sm!lland uplands, and the rich plains of the extreme south (both Gdtaland). Typical
of Sweden is the rocky coastline with hundreds of small, sometimes wooded, islands

Dr Alf Nyberg
(Photo: H. Taba)

(skdrgard), especially numerous around Stockholm and Gateborg. Although influenced by different groups of immigrants over the centuries, the population of Sweden
was rather homogenous in language, ethnic stock and religion up until the middle of
this century. Since the Second World War there has been an influx of immigrants
from many countries (especially Finland), and these now constitute some ten cent of
the population of Sweden.
Thanks to the warm waters of the Gulf Stream, agriculture and forestry are
possible in Scandinavia at higher latitudes than anywhere else in the world. About 15
per cent of Sweden lies within the Arctic Circle and, since the country spans between
13 and 14 degrees of latitude, climatic dzfferences between north and south are
great. Mean February temperatures range from -14°C at Karesuando (68° 27'N)
to -1°C near Malmo (55° 33'N); in July the corresponding figures are+ 14 and 17°C
respectively.
Stockholm, the capital and largest city in Sweden, is situated at about 59° 20'N,
partly on the shores of an inlet of the Baltic Sea and partly on the shores of
Lake Miilaren. Built on several islands as well as part of the mainland, it is regarded
as being one of the world's most beautifUl capital cities. Stockholm was founded in
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the middle of the thirteenth century and became the national capital in 1436. There
are a number of learned academies and scientific institutions based there, the most
important being the Royal Academy of Sciences which dates from 1739.
It was in 1873 that Robert Rubensson, head of the newly-established State
Meteorological Central Institute, took possession of his headquarters which was no
more than three offices and a kitchen on the lower floor of a city building. His
staff consisted of an assistant, a caretaker and some female clerical helpers. If the
facilities available to Rubensson were modest, the same cannot be said of the results
he was expected to produce. The King of Sweden charged him with investigating and
establishing all the laws governing movements of the Earth's atmosphere. In 1908 the
Hydrographic Bureau was set up under the leadership of Dr Axe! Wallen, and ten
years later the two institutions were united to form the State Meteorological and
Hydrographic Institute. It was in 1945 that the title was changed to that by which
the Service is known today: the Swedish Meteorological and Hydrological Institute
(SMHI).
The first meteorological bulletin appeared in July 1874. It contained a meteorological chart and a summary of weather conditions reported from about ten stations
in Sweden and an equal number from other lands. From 1878 weather information
started being carried by daily newspapers. The first storm warning was issued on
15 September 1905. On the outbreak of the First World War in 1914 the exchange
by telegraph of meteorological messages was considerably restricted, and the effects
were even more serious in the Second World War. Since 1945 however, Sweden
has been at the forefront of progress in meteorological research.
Dr Alf Nyberg joined the Institute in 1938. He obtained a Ph. D. in meteorology in 1945, the subject of his thesis being synoptic aerology. Later he became a
docent at the University of Stockholm in addition to his duties at the SMHI. He
founded the SMHI's aerological division and was in charge of it until 1952 when he
became chief of the meteorological Bureau. It was in 1955 that he succeeded
Dr Anders Angstrom as head of the SMHI.
Always very active in the international sphere of meteorology, Alf Nyberg
found himself elected to the WMO Executive Committee already in 1955. From
1956 to 1963 he served as president of the Regional Association for Europe, and
from 1963 to 1971 he was President of the Organization. It is scarcely necessary
to recall how that period was one of unprecedented growth in WMO activities.
Dr Nyberg retired from the SMHI in 1977, but has continued to serve from time to
time as an expert consultant for the Organization, both in the field and at the WMO
headquarters.
In spite of his administrative responsibilities as Director of the SMHI over a
period of 22 years, Dr Nyberg found the time to write many papers which seem to
cover almost every aspect of synoptic meteorology and aerological research, as well
as the general circulation of the atmosphere. In 1978 he was awarded the !MO
Prize in recognition of 'his outstanding contributions to the science of the atmosphere, to the improvement of meteorological services in developing countries and
of his great services to the World Meteorological Organization:
Notwithstanding the status he attained in the meteorological community,
Alf Nyberg is a modest and very approachable person. He holds firmly to his beliefs
(to a degree that those who do not share them might sometimes qualify as
stubbornness), but the Editor of the WMO Bulletin has been personally acquainted
with this Viking for about 34 years and has always derived great pleasure from his
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company. In Sweden, people born in Smaland have a reputation for parsimoniousness, but Alf Nyberg might be considered as one of the exceptions to the role.
This interview took place in Geneva in March 1984 whilst Dr Nyberg was
once more working as a consultant for WMO. Our sincere thanks are due to him
for having agreed to take part in the series.

H. T. - Dr Nyberg, could you please start with a few reminiscences about your
childhood and family background?

A. N. - I was born in 1911 in the little town ofVimmerby in the province of Sm~land
in south-eastern Sweden, the seventh of nine children. My father came from a farming family, but he was given the chance to study, and in due course entered the
church. He served as minister in the same parish for more than 35 years. My mother
came from a wealthy family and loved learning; at the age of 80 she was reading
and writing French better than I have ever been able to do. My generation passed its
childhood without radio or television, and much of our indoor activities revolved
around reading, play-acting and, of course, our school homework. Out of doors I
enjoyed football and athletics (especially the sprint and long jump). One particular
event which stands out in my memory is when at the age of six I fell into the small
river which flowed close to our house. I could not swim, but by a stroke of good
luck, when I surfaced, there within reach was the gunwale of a small empty boat. I
was terribly frightened of what my parents would say, because I had been forbidden
to go there. I spent hours in hiding, hoping that my clothes would dry before it was
time for the evening meal. My sin was found out of course, but to my surprise gave
rise to no admonition whatsoever. Later on, when I was about twelve I started a
Boy Scout group with some friends of my own age and became, inter alia, the
patrol's treasurer. For a time I even aspired to the eminent title of master cook. I
have happy memories of summer holidays in an old house in the country where we
could swim, go boating and fishing, and pick wild strawberries, bilberries and
cranberries. The speciality in August was to catch crayfish which made a delicious
supper. Looking back to try to trace the origin of my interest in meteorology, I recall
watching the clouds (which at first I believed came from the steam trains on the
railway about a kilometre away), but there was another highly dramatic event which
may well have had an influence, it occurred on a day in July 1919. That morning I
purchased a rabbit with several young ones for the crippling sum of five kronor, and
placed them in a cage under a large tree quite close to the house. In the afternoon a
severe thunderstorm broke out and this tree was struck by lightning and shattered in
pieces. Every single rabbit was killed. One other factor was that a close neighbour
called Erik Bjorkdal studied meteorology and got a job in Oslo. To me such a journey
to a foreign country was an immensely exciting and attractive prospect. I must say
that in my wildest dreams at that time I never imagined the opportunities for
travelling that in fact the profession has brought me.

H. T. - So your secondary and higher education was undertaken with being a meteorologist in mind?
A. N. - My father would have liked me to study for the church, but I was quite
sure that my vocation was more towards things physical than spiritual. So at the
high school in Linkoping I chose the natural sciences rather than the classics, my
main subjects were mathematics, physics and chemistry. This was a departure from
tradition in my family. When I left school having passed my baccalaureate, I started
to work for a surveyor who had a practice in town, but we had differing views on
some important matters and I soon left and enrolled at the University of Uppsala.
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I had toyed with the idea of studying medicine, but the seven-year course to become
a doctor seemed likely to be too much of a financial burden - remember I was one
of nine children - so that my first objective was to get myself qualified to teach at
high school level. With that in view I did a year of chemistry. However, meteorology was still the subject that appealed to me most, and I was delighted to find in
193 2 that I could get a summer job as meteorologist at one of the airfields to support
the growing amount of aviation. This gave me the means to follow courses on atmospheric sciences at university during the rest of the year, courses which were conducted by Professors Akerblom and Kohler. In 1938, I obtained a licenciatin meteorology.
H T - Whereupon you joined the State Meteorological and Hydrographic Institute
as a full-time staff member. What work were you given to start with?

A. N. - My first task was to set up a radiosonde station using the equipment which
had just been developed by Professor Viiisiilii in Finland. This work qualified me to
attend a session of the IMO Aerological Commission at Berlin in June 1939, my
first contact with meteorology at the international level. After that I was engaged in
weather forecasting. At the same time I continued studying for a doctorate; for my
thesis I used upper-air data collected during the special aerological month (April
1939) organized by IMO. I was fortunate enough to meet Professor Erik Palmen*
and to work with him on investigations based on co-ordinated programmes of intensive ascents by balloon-borne meteorographs. You will remember that the meteorograph recorded temperature, humidity and pressure as the balloon ascended to the
point where it burst. A parachute (or in some cases a second balloon) retarded its fall
back to earth, and the instrument was hopefully found by a conscientious member of
the public who complied with the request to return it to the meteorological institute.
There the recordings were analysed and a vertical profile of temperature and humidity
constructed. This was very important for upper-air research before the radiosonde
was introduced. During the Second World War all such international collaboration
was suspended, and Sweden was particularly isolated in this respect.
H. T. -You obtained your Ph. D. in 1945, and the following year your ambition to
travel really started to be fulfilled.

A. N. - Yes. As you know, Professor Carl-Gustav Rossby had the Chair of Meteorology at the University of Chicago at that time, and he invited me to come over as a
research associate.' I was a member of a group of.meteorologists known as the 'weather
forecasting unit' studying the general circulation. Most have since made their mark
in the science. Besides Rossby, those who at one time or another were involved in
this research included Charney, Cressman, Fultz, Hess, Newton, Palmen, Riehl,
Sekera, Starr, and Suomi and many others. Verner Suomi was an enthusiastic scientist
and was in charge of an instrument laboratory; I worked with him for a few months
building a dew-point recorder. I stayed for a year in Chicago. In August 194 7 I
attended the sixteenth (and last) session of the IMO Aerological Commission which
was held in Toronto. There I met many international colleagues such as Bleeker,
Gibbs, Sheppard, Sutcliffe and Taha. As you know, IMO was then in the process of
being transmuted into a governmental organization - WMO.
H T - What did you do when you had returned to the SMHI in Stockholm?

A. N. - I was put in charge of a newly-formed upper-air section. During the war a
variety of radiosondes had been developed in different countries. Each designer was

*

An interview with Professor Palmen was published in the WMO Bulletin 30 (2) pp. 92-100.

206

confident of the accuracy of his instrument, but when I tried to use the data for
synoptic purposes I found there were rather significant differences in values obtained
from different types of radiosonde, and sometimes between specimens of the same
type. This discrepancy problem led to an international comparison of radiosondes
which was held at Payerne in Switzerland in 1952. The results showed that there
were indeed substantial mean differences between different types, and we were able
to estimate a standard error for each. The intercomparison was very useful in contributing to the improvement of synoptic upper-air observations. This event, as well as
my participation in the sessions of the Aerological Commission and the contacts in
the USA, had sharpened my interest in international meteorology, and in 1951 I
applied for the post of chief of the Technical Division in the infant Secretariat of
WMO. I was interviewed by Dr Swoboda (the Secretary-General) and Mr D. M.
Little (representative of the President of WMO, then Dr Reichelderfer). The result
was positive, but when the recommendation went to the Executive Committee
there was one member who suspected me - quite groundlessly - of subversive action
against him, and opposed my candidature on a false allegation. Recruitment was
postponed, and later in the year I was appointed Deputy Director of the SMHI
(the Director was Dr Anders Angstrom), whereupon I lost interest in the WMO
post. It went to Dr Kaare Langlo of Norway.

Bmssels, 1951 - Dr Nyberg
and Professor Palm en on the
occasion of the ninth General
Assembly of IUGG

H. T. - What was the first meeting of a WMO constituent body that you attended?
A. N. - It was the Zurich session of the Regional Association for Europe in the late
spring of 1952. I was heartily sickened by the way political issues dominated the
discussions. Thank goodness, it has never been as bad again, and when I am presiding over a meeting at which a speaker becomes painful to put up with, I think back
to that first session of Regional Association VI and find it easier to tolerate him.
Early in 1955 Dr Angstrom retired and I was appointed Director in his place, so
attended the Second World Meteorological Congress as principal delegate for Sweden.
In those days there were 15 members of the Executive Committee, including the
President, the two Vice-Presidents and the six regional association presidents. That
left six seats to be filled, and I was the sixth member to be elected. In 1956 I was
elected president of RA VI, a post I held until 1963. From 19 55 until my retirement in 1977 I was continuously a member of the Executive Committee in one capacity or another.
H. T. - During your period of directorship there must have been far-reaching developments in the SMID?
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A. N. - There were indeed. I was extremely lucky to have so many highly gifted
collaborators: Olof Lonnqvist, Roy Berggren, Bo D66s and Lennart Bengtsson to
mention only four. Professor Rossby came home to Sweden in 1948 and started up
the International Meteorological Institute as part of the University of Stockholm,
and this really put my country on the map as far as atmospheric research was
concerned. Many visiting scientists and students came, among them you yourself.
Famous names included Fritz Defant, Max Eaton, Norman Phillips, Dan Rex, Joanne
Sirnpson, Phil Thompson and Jacques Van Mieghem. Jule Charney, Arnt Eliassen,
Rolando Garcia and John Mason paid shorter visits. Bert Bolin was Rossby's
permanent assistant and later succeeded him. All this permitted the SMHI to gain a
significant advance in numerical weather prediction techniques, and we organized
some NWP courses for the benefit of personnel from several other European
countries. At the same time we were expanding our activities in the fields of
hydrology and oceanography. We adopted a procedure which was very helpful (and
which was subsequently copied in other governmental institutions), namely selling
our services to clients both in the governmental and the private sectors, and keeping a
portion of the proceeds to meet our expenses. This meant that we could undertake
certain things without having to await the lengthy process of approval of funds by
the governmental authorities.

H. T. - You were President ofWMO for two terms of four years, from 1963 to 1971.
It was a period of unprecedented international interest in and support for meteorology. Perhaps you could say a few words about the new programmes that were
launched at that time?
A. N. - I am convinced that the underlying reason for the upsurge of interest was the
realization of the close interrelationship between meteorology, hydrology and
oceanography, and the dependence of national services and institutions on the free
international exchange of data and information. It was the arrival of meteorological
satellites and increasing possibilities offered by electronic computers which really
incited the Members of WMO to take up the challenge of the General Assembly of
the United Nations in 1961 and embark on the World Weather Watch, as well as on
the parallel Global Atmospheric Research Programme, which was undertaken jointly
with ICSU so as to ensure full participation by the non-governmental institutions.
You will remember that the way had been prepared for this kind of scientific collaboration only a few years earlier through the International Geophysical Year*. Now
to bring into reality the network of observing stations and meteorological telecommunications facilities envisaged in the World Weather Watch plan was going to call for
an enormous investment of funds and manpower which was something of a headache even for highly developed countries. For many developing countries it was
hardly more than a pipe-dream. Therefore we had to facilitate bilateral agreements
between developed and developing countries to help the latter set up the infrastructure prescribed for the WWW, and this became known as the Voluntary Co-operation
Programme. Moreover, for the developing countries to receive sophisticated scientific
and technical equipment was of little use if they had an insufficient number of
people who knew how to operate it and to make use of the new information provided. So we created the Education and Training Programme, which is perhaps
the activity most appreciated by the developing countries, and one in which I myself
have been closely involved. Other specific programmes which grew up parallel with
the WWW were those for operational hydrology and meteorological applications.
Great credit must go to the Membership of WMO for its farsightedness in accepting

* See WMO Bulletin
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all these major programmes and the obligations they entail. Needless to say, I was
immensely proud to be President of WMO at this particular point in its history, and
to work with so many outstanding colleagues. I would like here to mention the
support I got from my assistant, Mrs Renete Schiiffer, who was responsible for
international affairs in the SMHI during my term as President. I must not fail to
pay tribute to Sir Arthur Davies who was Secretary-General throughout the whole
period of my membership of the WMO Executive Committee. He shouldered a very
heavy burden and smoothed the path of my presidency enormously. There were one
or two unfortunate situations at WMO meetings arising from political attitudes taken
by certain Members vis-a-vis others, but such occurrences were exceptionally rare,
and disappeared once the programmes had got under way.

As Director-General of the
SMHI in 1955, Dr Nyberg
is in conversation with his
predece~sor, Dr A. Angstrom
and antepredecessor,
Ing. G. Slettenmark
(Photo: Svenskt Pressfoto)

H. T. - At one time there was a tendency in some Third World countries to dismiss
the Global Atmospheric Research Programme as an exercise for the entertainment of
rich nations. Do you believe that in the end it came to be recognized as of worldwide benefit?
A. N. - I have no hesitation in answering in the affirmative. GARP must have been
the largest international scientific research programme ever launched, and it could
hardly help but have a beneficial spin-off for developing countries. Remember that it
was the United Nations itself which called for this type of programme back in 1962.
The agreement on GARP was signed in Rome on 10 October 1967 by the then
President of ICSU, Dr J. M. Harrison, and by myself on behalf of WMO. Apart from
CARP's cardinal project, the Global Weather Experiment, there were all the regional
sub-programmes such as the GARP Atlantic Tropical Experiment (GATE), the
monsoon, polar and mountain sub-programmes (MONEX, WAMEX, PO LEX and
ALPEX). These required intensive observations from specific areas, and often this
involved participation by personnel in developing countries, giving them the chance
to better acquaint themselves with modern technology and to be properly trained so
as to play their part effectively. The data that were obtained from these projects
relate to areas which interest many Third World nations, and the sets of data will be
invaluable to them for investigations they may wish to make into local features of
the circulation. That is in addition to the results of more highly sophisticated research being done by advanced research institutions elsewhere in the world. So I
cannot believe that any developing country's Meteorological Service has not already
benefited in some way from the GARP projects, and the related research will continue to bear fruit in the future.
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H T. - You mentioned one aspect which is certainly of prime importance to Meteorological Services in developing countries, namely education and training. I know
that this is a field where you have been particularly active. Would you please trace
the history of the WMO Education and Training Programme?

A. N. ,- In 1961 the Secretary-General enlisted the services of a highly qualified
consultant to help him plan this new programme. The consultant was the late Professor Jacques Van Mieghem of Belgium, and he started by specifying criteria by which
meteorological personnel were classified according to their qualifications and functions. This was a very brave thing to do, but also very necessary because at the time
there was no uniformity among countries as regards desirable academic standards
for people undertaking different types of work in a Meteorological Service. So it is
to Professor Van Mieghem that we owe the well-known four-class hierarchy of

Dubrovnik, 1956- Dr Nyberg
has just been elected president
of the
Regional Association for Europe, and is
congratulated by the retiring
president, Professor J. Lugeon

meteorological personnel. Not that his recommended classifications were universally accepted at first; they gave rise to considerable debate. So much so that this was
one of the main problems that the Executive Committee Panel of Experts on Meteorological Education and Training had to deal with when it was set up in 1965. The
panel quite soon agreed to accept the classifications and went on to draft training
syllabuses for each class, later extending it into various fields of specialization.
(This was published in 1969 as Guidelines for the education and training of personnel
in meteorology and operational hydrology (WMO-No. 258), a second edition of
which was issued eight years later.) Nevertheless, some controversy still remained
about the classifications and the guidelines. I must admit that my own views differed
somewhat from those of the majority of the panel (although not from VanMieghem's
original ideas), and mainly for that reason the Executive Committee made me a
member of the panel. I became its chairman when Professor Van Mieghem retired
in 1970. As a WMO expert I had the opportunity to visit several developing countries
and saw for myself the lamentable state of meteorological education and training
in the early 1960s. African Class I meteorologists were virtually non-existent, and
even after WMO had established a Chair of Meteorology at the University of Nairobi
in 1963, there were so few candidates for advanced courses that its continuance was
in question. Happily the situation is very different today. External examiners invited
to judge M. Se. and Ph. D. dissertations often make flattering remarks about
standards in the university's Department of Meteorology. In many ways, the network
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of training institutions sponsored by WMO is unique, and I am glad to say that
progress in this domain has been world-wide during the past two decades, although
probably nowhere more so than in Africa. What is most encouraging is that the WMO
education and training programme does not cater only for aeronautical meteorology,
but also diverse other fields such as agrometeorology, hydrometeorology, climatology and marine meteorology. A relatively new field which needs special attention is
that of energy.

H. T. - Yes, and that is precisely a subject to which you devoted considerable
efforts latterly. How did you first become involved in that field?

A. N. - You remember that after you had been transmuted from Director of the
Education and Training Department to Director of Programme Planning and UN
Affairs in 1977, pending the appointment of your replacement I was employed as a
consultant, and my duty consisted, inter alia, of preparing programmes for two
WMO seminars. It was whilst I was cogitating on different possible topics that it
occurred to me that problems related to energy consumption and the utilization of
natural sources of energy were highly important, and that Meteorological Services
would be called upon more and more to provide information and advice in that
field. Therefore their personnel would need special training so as to be able to respond usefully to such demands. My proposal to this effect met with some opposition
at first, on the grounds that we would be venturing outside the sphere of action
of WMO. Nevertheless, after the seminars it was clear that attitudes were changing,
and nowadays it is widely recognized that meteorologists can supply much useful
information relating to harnessing renewable sources of energy, information which
can often save engineers from making costly mistakes in the siting or design of energy
conversion installations.

H. T. - But your involvement in the energy field went beyond the education and
training aspect?
A. N. - Yes. In August 1981 the United Nations convened an important conference

in Nairobi on new and renewable sources of energy, and, by way of contribution to
this, WMO submitted two Technical Notes-on meteorological aspects of the
utilization of solar radiation and of wind as energy sources. I took part in preparing
these Technical Notes; we were careful to do the work in collaboration with
engineers so that the end result would be readily understood in both the meteorological and the engineering communities. A group of experts from several countries
contributed to the solar energy report and Mr Ch. Perrin de Brichambaut and I were
joint editors. As a supplement to that Technical Note were published 13 world
maps designed to give an overall picture of potential solar energy at the Earth's
surface for each month and for the year as a whole, based on data from radiation
stations and satellite information. The Hungarian Meteorological Service had kindly
prepared these maps. We were four to be designated joint editors of the note on wind
energy, the others were Professor C. Aspliden, Dr S. Bodin and Dr L. Olsson.

H. T. - Returning to the subject of education and training, and going back in time,
how did the Swedish Meteorological and Hydrological Institute respond to the
problem of training?

A. N. - Like so many other countries, and despite the fact that Sweden was neutral,
the Second World War brought with it a great need for trained meteorological
staff for military and aviation purposes which could not be met through the universities. So the SMHI started up its own course of two years' duration under the
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direction of Professor T. Bergeron, the entrance qualification being a complete
secondary school education. This course ran for a considerable length of time and
many students graduated successfully. When the need for this type of training
had become less urgent, agreement was reached with the University of Stockholm to
initiat'e an expanded programme in which the university would provide courses in
such subjects as mathematics, physics and dynamic meteorology which would last
for five semesters, whilst the SMHI would complete these classroom studies with
practical training in operational and synoptic meteorology over a period of one year.
The university recognized credits gained in this course if the student wished to
pursue higher studies. Although some modifications have been introduced from time
to time (rather more emphasis now being placed on the university component),
that is essentially the way the system operates today.
H. T. - You mentioned earlier that Sweden was in advance of most other small
countries in numerical weather prediction. How did you manage to obtain the funds
to acquire computer facilities which must have cost a great deal in the early days?

A. N. - When Rossby came back from the USA he was very enthusiastic and full of
ideas about introducing numerical methods in Sweden. I was Assistant Director of
the SMHI and knew we certainly had no immediate prospect of being able to find
the money that would be needed. Being the dynamic person he was, Rossby then
approached the Swedish Air Force which had its own well-developed weather service.
Compared with the overall military budget, the cost of a numerical prediction
programme for the weather service was not too significant, and Rossby successfully
convinced the Air Force authorities that the programme was desirable-even essential. So an agreement was reached between the Air Force and Rossby's International
Meteorological Institute at the University of Stockholm, whereby a number of
Rossby's collaborators and students were designated to work for the Air Force for
a period of one year and to produce each day forecasts for 24, 48 and 72 hours
ahead. They used a barotropic model and the Swedish BESK computer; of course
the quality of the forecasts was not as good as today, but they were certainly comparable with those we made using conventional methods at the SMHI. You were
yourself at the International Meteorological Institute at that time, and probably
remember better than I do what work was done. B. R. D66s, A. Wiin-Nielsen and
H. Sigtryggsson were among those working on the programme.

H. T. - I recall that we were doing the work on a research basis until about 1956
when the forecasts were introduced on a routine basis. Has numerical weather
prediction completely supplanted the human in producing forecasts in the SMHI
nowadays?

A. N. - We are not so radical as to have completely eliminated human intervention,
but clearly the part played by the machine is growing all the time. Sometimes I
feel meteorologists are becoming too dependent on numerical products. They tend to
accept the computer's output product even when their experience tells them that it
is highly unlikely; of course it is easier to blame the computer if a forecast goes
wrong rather than risk having to explain why one had followed one's intuition.
But the computer has unquestionably brought us a long way when it comes to
forecasts for periods beyond about 48 hours ahead. It is sometimes said that fiveday forecasts are better than those for tomorrow, but I feel this is to some extent
because the nature of the forecasts is different: the five-day forecast is couched
in very general terms based on predicted changes in the pressure pattern, and verification is accordingly less stringent than in the case of a forecast for the following
day. However, please do not think that by that remark I am minimizing the impor212

tant work done by the ECMWF or the usefulness of the five-day predictions. But
the general public still tends to judge a Meteorological Service by the accuracy and
specificity of the 12-24 hour forecast, and it is here that human interpretation is the
most· necessary because of all the local effects on the larger-scale predicted flow
pattern.
H. T. - Do you foresee a time when this human element will completely disappear
and the forecaster will merely interrogate a numerical programme through a computer terminal?

A. N. - For the present, no, I do not. The reason is precisely the problem of forecasting accurately for a multitude of specific localities. Certainly, progress will
continue with regard to objective local-area forecasting, but this needs really the
development of many many subregional models integrated with the larger-scale
models, as well as an augmented network of continuously-operating observing
stations. So the cost would be extremely high. Anyway, I may be old-fashioned, but
personally I do not find the prospect of entirely objective forecasting very attractive. What interest would there be in meteorology if the whole prediction process
were carried out by infallible machines?

Geneva, 1968 -Presiding
over the twentieth session
of the WMO Executive Committee, Dr Nyberg discusses
a point with the then Secretary-General, Dr D. A. Davies
(Photo: WMO/Bianco)

H. T. - I agree with you, but I do not believe either of us will live long enough to see
that. However, the new technologies are a great benefit. What do you consider has
been the most spectacular advance in the past quarter-century?
A. N. - There are two things: computers and meteorological satellites. However, if
I am to choose only one, it would have to be computers because it is thanks to them
that we can use all the massive amount of data provided by diverse observing systems,
satellites among them, in a rational way and in a short enough time to produce
operational forecasts. But I should like to take this opportunity to pay tribute to
Verner Suomi of the USA who has done as much as anyone to develop satellite
observing systems. As I mentioned earlier, I worked with him in the past, and so can
judge how, through his enthusiasm, imagination and sheer hard work, he has
contributed to progress in that field.

H. T. - For most of your career you were Director of the SMHI so I imagine that
administrative duties took up virtually all of your time. What were the scientific
fields which interested you most?
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A. N - My association with Professor Palmen could not help but imbue me with
an interest in synoptic aerology, and this in turn led to special interest in instruments, and particularly the radiosonde. I believe I was the main driving force behind
the Payerne intercomparison in 1952. Then I became engrossed in problems of
micr6scale and macroscale evaporation from snow surfaces. I also studied the transport of heat and momentum from the tropics polewards, with special reference
to the northern hemisphere, as would be expected. Since I had no access to a
computer in those days I could only deal with small areas or short time periods.
Considerably later on I became interested in the long-range transport of pollutants
and in estimating solar energy from cloud observations. In fact, the application of
meteorology, hydrology and oceanography has always been a special interest of
mine.

H. T. - You mentioned having been a WMO expert in technical co-operation projects. Are you satisfied with the Organization's activities in that domain up to now,
and what do you think should be the future thrust of the Technical Co-operation
Programme?
A. N .- Let me first say that my remarks are personal ones based on my own experience. We have students from developing countries in various parts of the world
at the SMHI, but it was principally through my membership of the Executive Committee, and especially when I was President of the Organization, that I came into
close contact with my colleagues from the developing countries. The economic
problems in the Third World are so stupendous that it is hardly surprising if governments do not often attach a very high priority to meteorology. Indeed, UNDP/
WMO assistance may seem extremely modest in comparison with programmes of
other organizations. Yet I am convinced that it is highly effective. It was only
through WMO that a national Meteorological Service ever saw the light of day in
some countries, and in many more, technical co-operation has permitted the existing Service to be staffed and equipped so that it can contribute meaningfully to the
national economy. But even if meteorology and hydrology have made great strides
in the developing countries, there still remain plenty of problems. For example,
the world faces an energy crisis. Reserves of fossil-fuels are not infinite, and in any
case this form of energy is costly. Many Third World countries on the other hand
have enormous potential power resources in solar radiation, and in some cases
wind power could also be profitably exploited. It is most unfortunate that in many
such countries there are few, if any, radiation measuring stations. These measurements are a prerequisite to a rational use of solar energy. The same applies to countries where wind power offers good possibilities. So that is where I suggest there be a
new thrust in technical co-operation effort. It was encouraging to read the article
in a recent issue of the WMO Bulletin about the wind energy project in Mauritius.

H. T. - What have your activities been since you retired from the SMHI?
A. N - Already in 1954 I had been on a mission to Syria for a few months to
advise about organizing a Meteorological Service, ahd later I undertook similar
expert missions to Kenya and Mexico. After my retirement I continued to work
as a WMO expert in different capacities in the Libyan Arab Jamahiriya and Bangladesh, and I also continued to serve on the Executive Committee Panel of Experts
on Education and Training until 1982. Apart from that, I divide my time between
gardening, fishing, reading and writing. I published a popular (but scientificallybased) book on weather lore, a paper about the Swedish expedition to Spitsbergen
during the first International Polar Year (1882/83) and articles about ancient pictures
of halo phenomena. I am in the course of preparing a book on optical phenomena
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which will contain lots of coloured pictures. I keep myself physically active, and
endeavour to keep my brain in proper working order by playing chess with a friend
who is of the same mediocre standard as myself.

H. T. - Finally, Dr Nyberg, from your rich stock of experience, what would be
your advice to a young person taking up meteorology as as profession?

A. N. - Essentially it would simply be to take an interest in your work. This applies
whatever the work is. Any job presents problems, problems call for solution, finding
the best solution is a challenge, and a challenge is stimulating for any intelligent
being. I would also urge this person to bear in mind that success can usually only
be attained through hard work; therefore study thoroughly whatever field you find
yourself working in, aim at improving your knowledge throughout your whole
working life, and, why not, after retirement too. I can assure you that only in this
way will the young person derive deep satisfation from life and all it brings.
H. T. - Dr Nyberg, thank you very much indeed for this most interesting interview
and those final words of wisdom. I am sure all readers will join in wishing you
continued good health to enjoy your active retirement for a long time to come.
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Dr. K. Wadati

Palaeolithic tools uncovered in Japan indicate that mankind had settled in the
Japanese archipelago some 30 000 years ago. The first inhabitants must have come
from the Asian continent, probably via a land bridge across what is now the Korea
Strait and the island of Tsushima. Pottery was already used 10 000 years ago, and the
ensuing millenia saw the beginnings of agriculture and animal husbandry, weaving
and the erection of monoliths. Japan first appeared in Chinese chronicles of the
second century BC under the name of Wo, .at which time it was said to be divided
into more than 100 states. However, by the end of the fourth century AD there
had been a large degree of unification. An event of the utmost cultural importance
was the introduction of Buddhism in about AD 540. The reigning prince adopted
the Buddhist principles in matters of government, and a new civilization was born
in Japan almost overnight. However, the religion which subsequently evolved and
spread throughout the country is Shin to.

Dr K. Wadati
(Photo: Asahi Shin bun)

The tenth century witnessed the emergence of an indigenous script, the kana
syllabary. This system of writing was based on phonetic syllabic units, the characters
being abbreviated forms of some of those in Chinese script. At the end of the twelfth
century a feudalistic system had grown up dominated by the warrior class (samurai),
from whom evolved the Code of Warriors (Bushido) which continued to govern
the behaviour of the Japanese until recent years. That was the situation when the
first Europeans (Portuguese) were shipwrecked off southern Kyushu in 1542.
Topographically, Japan is so mountainous that only one-sixth of its land
surface is arable. The northernmost of the four main islands, Hokkaido, is sparsely
populated in comparison with the other three (largely because of the less favourable
climate). Elsewhere, intensively worked farms occupy nearly every square metre of
level ground. At the same time, Japan leads the world in certain sectors of industry
such as shipbuilding, electronics and textile products. Its fishing fleet casts nets the
world over. In spite of the numerous industrial complexes, Japan has managed to
create many national parks to protect areas of particular scenic beauty. Harassed
by frequent earthquakes and typhoons, the Japanese feel a strong kinship with
nature.
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With a population of more than ten million, Tokyo is one of the world's
largest cities. It reflects some of the oldest national traditions and latest world
fashions. It replaced Kyoto as imperial capital of Japan in 1868, before which
time the city was known as Edo. The headquarters of the Japan Meteorological
Agency are located in the heart of Tokyo.
At this point it might be usefUl to recall some facts about the development of
meteorology in Japan. The first weather station in Japan was set up on 26 August
1872 at Hakodate in southern Hokkaido (this has become the present Hakodate
Marine Observatory). The Tokyo Meteorological Observatory was established on 1
June 1875, and that is the date which is observed as the anniversary of the founding of
the Japan Meteorological Agency. In 1883, the Tokyo Meteorological Observatory
began collecting observations from local stations and weather maps started to be
prepared. As from 1 June 1884, weather forecasts were issued three times a day for
seven defined meteorological districts (WMO Bulletin 33 (4) p. 319). The following
year, Japan became a Member of !MO. In 1887, the Tokyo Meteorological
Observatory was renamed the Central Meteorological Observatory (CMO). The first
marine observatory was set up at Kobe in 1920. It was in March 1925 that the first
weather forecast was disseminated through the Japan Broadcasting Corporation. A
weather station was set up on the summit of Fuji-san (3776 m) in July 1932 as a
contribution to the second International Polar Year. The first radiosonde ascent was
made from Haneda in 1935, and in August 1937 the CMO commissioned its first
weather ship, the Ryofu Maru. On 10 September 1953, Japan became a member of
WMO, and some three years later the CMO was renamed the Japan Meteorological
Agency (JMA). Numerical weather prediction was introduced in March 1959. On 14
July 19 77 the first Japanese Geostationary Meteorological Satellite was launched,
followed by the second on 11 August 1981.
It was in the headquarters building of the Japan Meteorological Agency
(constructed in 1964) that the Editor of the WMO Bulletin saw Dr Kiyoo Wadati
once again. His tall slim figure crowned by bushy white hair gave him an air of
authority. In fact, had he been in samurai dress, he would have looked the perfect
picture of a warrior, ready to go through the ordeal of the interview, which took
place on 27 October 1983. Our sincere thanks are due to Dr Wadati for participating
in this series.

H. T. - Dr Wadati, perhaps you can start by telling me where you were born, who
your parents were and how you spent your adolescence.

K. W. - My father had a degree in engineering and was an official in the Ministry
of Communications, and my mother was the daughter of a physician in Hamamatsu.
I was born in 1902 at Nagoya where my father was working at that time . Then
the family moved to Osaka and later to Tokyo on my father's transfer. When I was
young, I regularly spent my summer vacations at Lake Hamana, near Hamamatsu.
I enjoyed swimming, boating and fishing, and I shall never forget my happy times
there. It aroused in me a great interest in natural phenomena such as sea tides and
currents, tidal waves and the furious winds of typhoons. In 1917 when I was in the
third class of high school, Tokyo was hit by a severe typhoon and areas around
Tokyo Bay were flooded by high tides and storm surge; more than 1300 human
lives were lost. The door of the house was smashed and the stormy wind blew
through my room. Memories of events like that have remained with me throughout
my work in the meteorological community.
218

H. T. - Which university did you attend and what subjects did you choose to study?
K. W. - In 1922 I enrolled in the physical science course given by the Science
Department of Tokyo Imperial University, with the object of becoming a physicist.
During the course I attended lectures on meteorology and seismology. The following
year there was the catastrophic earthquake which destroyed Tokyo and neighbouring
areas, causing terrible fires. Over 100 000 people lost their lives. I was at home in
the central part of Tokyo when the earthquake occurred and luckily the house was
not damaged. A few days later I returned to the university and, under the guidance
of the professor in geophysics, went with other students to undertake a survey
of the propagation conditions of the fires in Tokyo. The investigations lasted several
days and we worked under the hot sun in the gutted-out downtown area of Tokyo.
I was greatly moved by this demonstration of the power of nature. It was that
disaster which brought me the chance, together with the motivation, to study geophysics, and in particular to embark on work in meteorology and seismology.
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The clock on the tower of the former Central Meteorological Observatory stopped at
11.5 8 a. m. on 1 September 1923 when a catastrophic earthquake followed by fires laid
waste large areas of Tokyo and surrounding districts
(Photos: Japan Meteorological Agency)

H. T. - How was it that you came to devote your studies to meteorology?
K. W. - At the university, Professor Sakuhei Fujiwhara gave lectures on practical
aspects of meteorology to students following physics courses in the Faculty of
Physics, as well as to those following· aeronautical courses in the Faculty of Engineering. Professor Fujiwhara was at the same time chief of the forecast section of
the Central Meteorological Observatory (CMO). In his lectures he explained in detail
about actual weather phenomena as well as the dynamics of meteorology. I was
particularly impressed by his lectures on the polar front theory and turbulent
motions, and I also fell under the spell of his captiving personality. At the end of
my studies, he suggested that I came to work at the CMO, and I was pleased to
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accept his invitation instead of becoming a physicist. So it was that in the spring
of 1925 I became a member of the staff of the CMO, and I found that my work
here was in every way as interesting as l had anticipated.

H. T. - You were appointed first as an assistant engineer and then as engineer.
What do these titles mean and what was your work?

K. W. - In scientific and technical agencies within the government there were two
main grades: assistant engineer and engineer. University graduates usually began
their career as assistant engineers and were promoted to· engineer after several years
of service. In some Meteorological Services, comparable posts are called scientific
officer and senior scientific officer. Well, at first I was a member of the seismology
unit, so that initially my work was to make seismological observations. Next, I was
engaged in processing data on earthquakes which occurred in various parts of Japan,
and, on the basis of this, investigating methods of locating the epicentre and variations in the velocity of propagation of the seismic waves according to location and
depth. I wrote papers on the subject; during this period my results gradually came
to be recognized by the Seismological Society' of Japan. I was pleased at being
able to choose my field of research using the high quality data which were available.
At the same time I continued to study meteorology, because I was working of course
in the CMO. In those days young scientists in the Observatory, whenever they had
time, got together for this purpose. I still remember the discussions with my friends
on F. M. Exner's book on dynamic meteorology.

H. T. - In 1936 you were appointed Director of the Osaka Meteorological Observatory. What were your duties there?

K. W. - In 1934, typhoon Muroto, one of the most disastrous in the history of
Japan, struck the island of Shikoku and crossed the city of Osaka. It brought the
lowest sea-level pressure recorded anywhere in the world at that time - 911.9 hPa
- as well as the highest instantaneous wind speed recorded by an anemometer over 60 m s-1 • Damage in the Osaka district was particularly serious, mostly on
account of the storm surge, the effects of which we.re aggravated by a land subsidence which had occurred during previous years. About 3000 lives were lost. In
response to very strong public demand for research into such phenomena as land
subsidence, storm surges and air pollution, a Disaster Science Centre was established
in Osaka. This consisted of two divisions: one dealing with the physical aspects which
was entrusted to the Osaka Meteorological Observatory, and the other dealing with
civil engineering aspects which was entrusted to the University of Osaka. Thus I
became head of the Observatory and of the first-mentioned division. Because most
losses were caused by high tides or storm surge, my division was requested to concentrate largely on the problem of land subsidence in the Osaka area. I had excellent
co-operation from a young colleague, Dr Hirono, and with his assistance and that
of the local authorities we were able to deploy extensive measuring systems in and
around the city. After processing and analysing a large quantity of recorded measurements, we came to the conclusion that the land subsidence was caused by a lowered
groundwater pressure due to depletion through being pumped up for industrial
purposes (the world was then climbing out of the Great Depression and industrial activities were at a high pitch). Our theory did not receive full support at the
time, and it was only after the war that it was generally accepted. In 1945 all the
factories in Japan were destroyed, and there was no pumping of groundwater.
My colleagues in Osaka reported that the land subsidence, which previously had been
of the order of five to ten centimetres a year, had completely stopped. It was satisfying to have our theory vindicated, but ironical that it should be at the expense of
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the ruin of the country. The epilogue to this story is that after the war the city of
Osaka largely solved the problem by obtaining an alternative water supply for
industrial purposes.
H. T. - Going back in time to 1941, you returned to the CMO to become chief of
research. What sort of research were you doing?
K. W. - Yes, I became chief of the CMO's research division which was still in its
infancy. The international situation at that time was very uneasy. I was assigned to
do work on long-range forecasting. I started by preparing five-day mean weather
charts with the object of making forecasts for five to seven days, but the war soon
broke out and I had to discontinue this work. When I subsequently visited the U. S.
Weather Bureau in 1950, my emotions were aroused to learn that extended-range
forecasting using the same method had been developed there.

H. T. - _The same year, 1941, you also became principal of the Meteorological
College. Please tell readers something about this college.
K. W. - F allowing the Meiji reformation*, many scholars were very keen on the
education of young people, believing that this was the only way to develop and
modernize the country. Dr Takematsu Okada, who was Director of the CMO from
1923 to 1941, held this view. So he was highly enthusiastic about education in
meteorology. He had been particularly unhappy that, until about 1915, graduates of
the faculty of law had dominated the country everywhere in administrations and
agencies; engineers and scientists were badly treated by comparison. Meteorology
was no exception in this regard. He complained that because the number of engineers
was so limited on account of budgetary restrictions, he himself and his colleague,
Dr Fujiwhara, had had to wait a long time before eventually becoming an engineer.
Dr Okada's energetic efforts to establish a meteorological college were finally
crowned with success in 1922. Since 1964, four-year courses have been run, in each
of which from 10 to 15 high school graduates are enrolled. I served as principal of
the college for only one year in 1941, but, for many years before and after, I was a
lecturer there. Graduates of the college nowadays constitute the backbone of the
Japan Meteorological Agency. Of course it also provides facilities for training serving
staff members of the JMA, various specializations and refresher courses, for example.
On average there are some 300 people at any one time who come from meteorological centres and stations throughout Japan.
H. T. - In 1945 you were appointed chief of the Forecast and General Affairs
Division, and you went on to become Director-General of the CMO in 1947. What
was the situation after the war and what were your main concerns at that time?
K. W. - Dr Fujiwhara had been the Director-General of the CMO when the war
ended. He decided to accept as employees all those people who had been working
for meteorological services, whether as engineers, clerks or secretaries, whether at
home or abroad, whether military or civilian, and to integrate them into the CMO. It
was not easy to find posts for them all because a few thousand people were involved.
Looking back to those difficult years, I have great admiration for Director-General
Fujiwhara and for this decision. It was a gesture of solidarity among people working
for meteorology. So that was our first concern. The second problem was to rebuild
the shattered national Meteorological Service. Many weather stations had been
destroyed, there were no telecommunications, and we lacked everything, even
paper. We had to work very hard, and it was fortunate that we had so many people

* The Meiji reformation started around 1870. It signifies the end of feudalism and the
start of the modernization of the country.
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who still had the will to make the effort to rebuild the national Service. Our third
concern was which direction to take in further developing the CMO once the basic
infrastructure and facilities had been established. As you know, the era of the
electronic computer was just around the corner, and we already had some inklings
about what the future was to bring, so we had design a Meteorological Service which
would respond to the new requirements placed upon it. All this time we were being
assailed by the multitudinous problems of day-to-day life. As I say, I was very lucky
to have with me so many people with broad enough vision to see that by straining
every muscle we would eventually emerge from the dark tunnel we were in. Indeed it
was thanks to them that by the time the World Weather Watch started we were in a
position to adapt ourselves to that new concept.

On a visit to the USA in
1950, Dr Wadati made the
acquaintance of Professor
C.-G. Rossby

H. T. - In 1949 you became a member of the Academy of Science of Japan as well
as a member of the Science Council of Japan. Was this an award or distinction?

K. W. - Not in the case of the Science Council. This is a scientific union whose
main objective is to promote science and technology, endeavouring to ensure that
current thinking is reflected in national policy. For instance, the Council proposes
where additional funds are needed for universities, scientific and technological
institutions. Whilst it is supported by the government, the Council is completely
independent of governmental policy. The members are elected by scientists in
various scientific and technological branches throughout the country. There is
inevitably a certain competition among the various scientific sectors, and I ran
for election because I was convinced that geophysics - and particularly meteorology
- should be represented on the Council. I was a member of the Council for 17
years, and served for one three-year term as president. The Academy of Japan is
somewhat different. Members are elected on the basis of scientific merit, so that
it is a distinction to be so elected. I had the additional honour to serve as president
of the Academy from 1975 to 1980.
H. T. - It was in 1955 that you participated for the first time in a Worl(l Meteorological Congress. Could you please recollect some of your impressions of that event?
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K. W. - Japan became a Member of WMO only in 1953; I believe that someone from
the occupying forces attended First Congress on behalf of Japan, so that was why it
was only in 1955 that I first represented my country at Congress. However, DrY.
Kawabata, who was then director of the Observation Department, represented
Japan as an observer at the first session of CIMO at Toronto in 1953. Through our
experience with the former International Meteorological Organization, we were well
aware of the importance of international co-operation in meteorology, and we were
keen to participate in international meetings so as to establish data exchange systems
and standardize procedures for making and reporting observations. I had considerable
problems at that Congress because I had no experience of such large conferences
and I was poor at speaking English. But I was delighted to meet the other delegates
who were very kind to me. I was overjoyed that Japan was again a member of the
international meteorological community, and was shouldering its share of responsibility. I found out that there were several areas of activity in which my Meteorological Service needed to make improvements in order to match the Services of
other countries. Perhaps the iterris which stand out most in my memory were the
discussions on metric systems, the humid tropics, and the Technical Regulations
- particularly as regards the distinction between the 'shall' and 'should' articles.

Dr Wadati in the batter's box during a softball
game on the premises of the JMA

H. T. - In 1956 you became Director-General of the Japan Meteorological Agency.
I should be interested to know something about the structure and staffing of the
JMA at that time.
K. W. - In 1956 the CMO was transformed and upgraded to the Japan Meteorological Agency which made it a more independent institution within the Ministry
of Transport. In many other countries the status of national Meteorological Services
had also changed considerably since the war. The range of services demanded from
them had diversified and the expectation as regards quality had increased. It was no
longer possible for the CMO as it existed to respond to these demands. When the
JMA was inaugurated it consisted of five district and six local observatories, four
marine observatories (all these observatories are forecast centres responsible for a
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defined area), 138 observing stations, 1350 climatological stations and 33 tidegauges. It also comprised seven discrete institutions known as auxiliary organs:
the Meteorological Research Institute, the Aerological Observatory, the Earthquake
Observatory, the Magnetic Observatory, the Meteorological College, the communications centre and the instrument manufactory. The number of staff employed
was 5150, plus a pool of supernumerary staff which averaged around 350. The population density of Japan is among the greatest in the world, and I believe the network
of meteorological observing stations is likewise one of the world's densest.

H. T. - Could you give a comparison of meteorology in Japan before, during, and
after the war?
K. W. - The national Meteorological Service in Japan also covers oceanography,
seismology and geomagnestism. This is probably because the Japanese islands frequently suffer from the effects of the whole range of violent geophysical phenomena: typhoons, storm surges, earthquakes, tsunamis and floods. Prior to the Second
World War, it was the experience I mentioned earlier of typhoon Muroto in 1934
which gave a boost to research to improve our understanding of these disastrous
visitations. However, the outbreak of war meant that we were obliged to concentrate our efforts in other directions. My trip to the USA and Canada in 1950 was
very useful for the insight it gave me into the progress there in respect of meteorological facilities. I was greatly impressed by the weather radar, automated observing
equipment and numerical weather prediction. On my return I did everything to
ensure that developments in these fields were as rapid as possible in Japan. We had
no television broadcasts either in those days, and when I saw the TV services in the
USA I realized what a tremendous potential there was in it for disseminating information to the general public. Indeed, nowadays the Japanese public is provided
continuously with up-to-date information of all kinds, and detailed forecast bulletins
and warnings are available in a matter of seconds to those who have to act on them.
H. T. - Have you any particular impressions of Third Congress in 1959?
K. W. - For me, the most momentous of the subjects discussed were artificial
satellites, the outer atmosphere and the inclusion of hydrology within the sphere
of WMO activities. I also remember vividly the session on the northern hemisphere
telecommunication system, since Tokyo was one of the centres. Finally, I had the
pleasure of being elected member of the Executive Committee, a welcome recognition
of Japan's contribution to world meteorology. I attended each Executive Committee
session from 1960 to 1963, the year I retired from the JMA. Unfortunately the
language barrier was still a serious obstacle to me making any great contribution to
the discussions. I remember very well the celebrations when the WMO Secretariat
moved into its new headquarters building in 1960, and Member countries marking
the event with diverse gifts. Another unforgettable event in the same year was when
Dr Reichelderfer of the USA showed members of the Executive Committee the
first pictures taken by a meteorological satellite.
H. T. - And which of .your experiences in your home country as Director of the
national Meteorological Service have left the deepest impression?
K. W. - The hardships we suffered during and immediately after the war must come
first on the list. The second I think was the realization that meteorological services
can only be provided through international goodwill and co-operation. The third,
but not the least important, was the responsibility we in the JMA bore for the
safety and well-being of the Japanese people by virtue of our contributions to their
protection from such natural phenomena as typhoons, earthquakes a,nd volcanic
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eruptions. In 1954, typhoon Toya-Maree struck Japan and caused much damage.
Ferryboats between the islands of Honshu and Hokkaido sank and about 1400 lives
were lost. I attended sessions of the Marine Accidents Inquiry Agency as an expert
witness. Again, in 1960 there was a very severe underwater earthquake off the
Chilean coast and the associated tsunami swept against the Pacific coast of Japan.
There was much damage and about 140 people were killed. It was scarcely believable that an earthquake at such a remote distance could cause so great a disaster,
and the result was the establishment of an international tsunami warning system in
the Pacific. In fact, each manifestation of these dangerous events led to redoubled
efforts on our part to improve the effectiveness of the warning and forecast systems.
This was linked with my visit to China in 1954, which is another vivid memory of
the kindness I received from the people even though no formal diplomatic
relationship then existed between our two countries. My mission was primarily to
entreat the authorities to agree to exchange meteorological data, because up to that
time we had had to prepare our forecasts and warnings without any information
from the Chinese mainland. Shortly after my visit the data began to arrive, and,
needless to say, they were immensely valuable in improving the accuracy of our
weather forecasts.

Conducting Their Imperial Highnesses the Emperor and Empress of Japan on a
tour of the weather station on the volcanic island of 6 shima

H. T. -What did you do after you retired from the JMA?

K. W. - I left the JMA in the spring of 1963, and was appointed director of the
newly-created National Research Center for Disaster Prevention which belongs to the
Science and Technology Agency. Its purpose is the promotion and co-ordination of
scientific research activities in different government agencies, universities and other
institutions aimed at the prevention or mitigation of natural disasters. I had to begin
by collecting and classifying data on damage caused by heavy snow, tsunamis, landslides and so forth. The agency has already made some great achievements, and the
major concerns now are earthquake prediction, research on flooding and the construction of earthquake-proof buildings.
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H. T. - From 1966 to 1972 you were president of Saitama Univer8ity. Can you
tell us anything about your experiences?
K. W. - Saitama is one of Japan's national universities. Besides administrative work,
I gave an introduction to meteorology to students in the departments of economy
and education. This period coincided with violent student unrest which mirrored
the difficult times that Japan was living through in the social, political and economic
domains. Although it was a very trying time for me, I am nevertheless grateful for
the unique opportunities it gave me to get to know intimately so many students and
faculty members.
H. T. - Would you care to say something about the term you served as president
of the Academy of Science of Japan between 1975 and 1980?
K. W. - As I mentioned before, the Academy of Science of Japan is essentially an
academic institution with no research facilities of its own. But it has the responsibility of promoting natural and cultural sciences. The Japan Academy Prize and the
Imperial Award are awarded annually for outstanding scientific research, and the
Academy publishes a volume of proceedings c_ontaining scientific papers written by
members or papers recommended by them. The president has to see to the administrative work of the Academy, and nowadays he is more and more involved in international scientific exchanges.
H. T. - And could you tell us about some of the awards and distinctions you have
received?
K. W. - I received the Imperial Award from the Imperial Academy of Japan for my
study on deep-focus earthquakes in 1932. I was 29 years old, and still at a very
impressionable age. In 1951 I was selected as the 'Person having made significant
cultural contributions'. All in all, I have been honoured by many prizes and awards,
some of which I do not think I really deserved.
H. T. - In your opinion, what is your best scientific work?
K. W. - I might mention that on deep-focus earthquakes, surges associated with
typhoons, land subsidence, the propagation of seismic waves, a1r pollution and the
emagram. I am happy that my research on deep-focus earthquakes contributed to
the development of the plate tectonics theory of today.
H. T. -What was the emagram you designed?
K. W. - It is a kind of aerological diagram with pressure on the abscissa and mixing
ratio on the ordinate, and including isotherms, dry and saturated adiabats and
geopotential heights. Precipitable water is shown proportional to area on the diagram.
It is useful for the study of precipitation amounts associated with such features
as convection updraughts or the overturning of atmospheric layers. It is of greatest
use in regions with much precipitation.

H. T. - I was told that you had a serious illness in your youth and consequently
devoted a lot of time to writing. What did you write about?

K. W. - Only four years after joining the CMO I contracted lung tuberculosis. I
had to stop working at the CMO to fight the disease at home. During this period I
became interested in tuberculosis and how it strikes people. As part of my own cure,
I began to write articles concerning the fight against tuberculosis and tried to encourage others who were afflicted with tuberculosis and related illnesses. When I had
recovered I rejoined the CMO, but continued to write. This now took the form of
essays on meteorological and geophysical phenomena, and I wrote countless arti226

cles for magazines and newspapers. My objective was to educate the public about the
range of effects of potentially dangerous natural phenomena, and what could be
done to minimize the loss of life and damage to property. I still help with editing
textbooks in physics for primary, middle and high school students, and I enjoy it.
I write those parts relating to Earth science, meteorology and seismology in the
hope that the rising generation will become interested in these topics.

H. T. - I understand you are very keen on baseball. How did this come about?
K. W. - I like all forms of sport, although baseball is certainly my favourite. I am
convinced that if you spend all day in an office exercising only your brain, it is
essential to undertake some physical exertion to replenish your intellectual energy
resources. In the CMO I enjoyed playing baseball with my colleagues during the
lunchbreak and in off-duty hours. Even in the worst times during and immediately
after the war, we were always able to devise enjoyable distractions. For instance,
playing baseball amid the ruins of some of the bombed CMO buildings had the added
hazard of an unexpected rebound. I frequently went to the stadium to watch professional baseball matches with the excuse that I was interested in studying the effects
of meteorological conditions on the players and the game. Quite often I wrote up
a report on the match for publication in newspapers or sports journals. When I was
young I was also very keen on swimming in summer and skating in winter. Nowadays, because of my age I refrain from participating in violent games, but remain
an enthusiastic spectator.

Dr Wadati is received by
delegates of the native
population during a visit to
the Japanese Antarctic base
of Syowa in November 1974

H. T. - How do you spend your time nowadays?
K. W. - I am at present chairman of the Central Advisory Council on Environmental
Damage set up by the Environment Agency. Among the various matters the council
deals with, I am particularly interested in atmospheric pollution and land subsidence
and I participate actively in debates on these problems. Some years ago I was chairman of a committee which established automobile exhaust emission criteria. When
the government adopted our relatively severe emission control standards for Japan,
there was a good deal of opposition from the automobile manufacturers but strong
support from ecologists. The general public was divided; some people did not want
to pay the extra cost for cars with clean engines whilst others were more concerned
with protecting the environment. Recently I had a visitor from Switzerland who
stayed at an hotel near the Imperial Palace. There is a heavily-used ten-lane highway
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just outside the hotel, but my visitor walked round in the morning for pleasure,
saying how surprised he was at the purity of the air in spite of the heavy traffic.
This remark was most gratifying after all my efforts on the committee. I must pay
tribute to the co-operation shown by all parties in implementing the strict emission
control standards. I believe that the initial problems, such as more costly engines and
a somewhat higher petrol consumption, have largely been solved. My visitor told me
that Switzerland had recently imposed more stringent emission control standards
than were envisaged in neighbouring countries, and I am quite sure the Swiss people
made the right decision. It will pay off in a few years' time. Clean air is a substantial
asset even if one only considers the favourable impression it conveys to tourists. In
these modern times there are many complicated environmental problems resulting
from the interaction between human activities and nature. I am still studying problems in this field because I want to contribute positively to their solution if I can.
Another of my activities is as chairman of the earthquake sub-group of the Tokyo
Metropolitan Government Disaster Mitigation Committee, in which experts discuss
how to protect the population of Tokyo in the event of a strong earthquake. I also
participate in various geophysical science groups such as the Remote Sensing Society
and the Antarctic Research Expedition. These are an extension of my long years
with the JMA. I am anxious to serve the scientific community and the public as a
whole for as long as I am able to do so.
H . .Y. - Finally, Dr Wadati, what is your advice to a young person who aspires to
be a meteorologist?

K. W. - Really, I do not believe I have any cabalistic guidance to give. If the person
is very young, I tell him or her to study hard at the basic school lessons and, if still
interested in meteorology when at high school or at college, to come back and see
me then. The first prerequisite to be either a meteorologist or a geophysicist is a
love of and interest in nature, and the second a sound knowledge of fundamental
relative subjects such as physics.
H. T. - Thank you very much for great trouble you have gone to in giving me this
interview, Dr Wadati. I am sure readers will join me in complimenting you on your
many achievements, and in wishing you many more years of active retirement.
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Mr M. F. Taha

The Arab Republic of Egypt has an area of approximately one million square
kilometres and a population more than 40 million. It has always been a nodal point
of trade routes, but more especially since the opening in 1869 of the Suez Canal.
Egypt's physiography is dominated by the River Nile, which cuts through the bare
desert country forming a narrow, highly fertile ribbon. Only a strip of territory
slightly more than 150 km wide lies within the Tropic of Cancer. The climate is
characterized by clear skies, which explains the high seasonal and diurnal temperature range and the general aridity. From March to June, depressions moving eastwards over the Mediterranean frequently give rise to strong hot southerly winds
which may provoke dust- or sandstorms, known in Egypt as Khamsin. What little
rain there is usually falls during the winter months; highest annual values are found
on the Mediterranean coast (about 180 mm at Alexandria), tailing off southwards
(about 2.5 mm at Aswan).

Mr and Mrs M. F. Taha
(Photo: H. Taba)

In spite of the lack of rainfall, Egypt has a varied vegetation. The Nile with
its irrigation channels and ditches supports many kinds of plants, including over
100 species of grass. The most common domestic animals are buffaloes, horses,
donkeys, camels and goats. The country is rich in wild birds, and the Nile is the
home of some 200 varieties of fish, the most common being the Nile perch or bulti.
For three millenia, Egypt was ruled over by dynasties of pharaohs. Alexander
the Great's conquest of the country in 332 BC paved the way for a period of Cop tic
Christianity but, with the Arab invasion of AD 639, this was soon replaced by
Islam. In AD 640, Amir ibn alAs built a new capital on the banks of the Nile at the
229

point where it starts to form the delta, and named it Fustat (the Arabic word for
tent). The city was destroyed in 750, and it was in 969 that Cairo (El Qd'hira) was
founded on the site. The name is that of the planet Mars which was then in the
ascendent, and means 'triumphant: Heliopolis, on the other hand, is a Greek name
signifying 'the place (of worship) of the sun god: The modern town of He!iopolis is
about ten kilometres north-east of the centre of Cairo, and it is here that the Egyptian Meteorological Authority has its headquarters, and where Mr M F. Taha has his
residence.
Muhamed Fathi Taha was born on 15 January 1914, and in 1934 obtained a
B. Se. with honours in physics from the University of Cairo. The same year he was
appointed meteorologist in the Civil Aviation Division of the Ministry of Communications, and stationed at Almaza civil airfield, close to the large aerodrome of Heliopolis then used by the British Royal Air Force. Meteorological services for aviation
at that time were provided by the British on behalf of the Egyptian authorities;
there were very few Egyptian meteorologists to do this. Taha and a few others were
then sent on a postgraduate course in meteorology for a year under Professor Brunt
at the Imperial College of Science and Technology of the University of London.
When the Second World War broke out, there were still no more than five indigenous
forecasters and about ten observers and assistants in Egypt. Furthermore, there
was an urgent need to create a synoptic weather observing network.
This, together with staff training, were the tasks that Taha first threw himself
into with his extraordinary zeal. In 1953, he was appointed Director of the Meteorological Department (he had been instrumental in its establishment in 1947), and
this grew under his guidance to embrace many applications of meteorology in addition to aviation, most notably agriculture. He set up the Egyptian Meteorological
Institute for Research and Training within the framework of the Department, which
subsequently became a WMO Regional Meteorological Training Centre; since 1969
the Institute has published a reputable journal, the Meteorological Research Bulletin,
reporting on scientific work carried out by the staff Mr Taha remained head of the
National Meteorological Service unti/1976, when he was designated by the Council
ofMinisters as Technical Counsellor to the Ministry of Civil Aviation.
In his own country, Taha was president of the National Committee for Geodesy
and Geophysics, ICSU national committee member of the Council for Basic Scientific Research, and member of the Committee on the Peaceful Uses of Outer Space. He
was awarded the Order of Merit (Third Class) in 1955, the Order of Merit (First
Class) in 1977, and the Order of Science and the Arts (First Class) in 1981 which he
received from the hands of the late President Anwar El-Saadat at a public ceremony.
If the list of things Mr Taha has achieved for his own country is prodigious,
his successes in the international arena are no less impressive. His first experience
in this domain was at the !MO Extraordinary Conference of Directors of Meteorological Services which took place in London in 1946. The following year he attended
a session of the !MO Regional Commission for Africa, and made the first recorded
proposals both for regional meteorological research and training centres and for
regional offices within the Organization. Although these suggestions fell on deaf
ears at the time, today they are implemented and flourishing.
Already at his first
elected to the Executive
up to June 1981. He was
President for two terms230

attendance at a WMO Congress in 1955, Mr Taha was
Committee, and remained a member of the Committee
Second Vice-President of WMO from 1959 to 1963, and
from 1971 to 1979. At Seventh Congress in 1975 he was

the first President to have been (re-)elected unanimously. Needless to say, Mr Taha
participated in numerous other international gatherings which touched on the
atmospheric sciences. In 1979 he was Honorary President of the World Climate
Conference, and in 1983 he was awarded the !MO Prize.
Before retiring from editorship of the WMO Bulletin, Dr H. Taha visited Cairo
in May 1984 to interview Mr Taha. Dr Taba recalls:
'My first meeting with Mr Taha was in July 1960 at an IUGG meeting in
Helsinki. He was the first to tell me that my application for a post in the WMO
Secretariat had been accepted. Ever since then, we have enjoyed a close and
amicable relationship; I have looked up to him with great respect and admiration, and he in turn has treated me with kindness and full support. We shared
a common determination to promote within the Organization education and
training in developing countries, and we met many many times, both officially
and privately, to discuss this matter. During my fairly frequent visits to Cairo,
Mr Taha would almost invariably invite me either to his home or to some
establishment in town to sample the excellent Egyptian food.
'So when I met Mr Taha in 1984, my mind was flooded with memories from
the past 23 years. Here was a man who had devoted his whole working life
to creating a viable Meteorological Service in his country. He had had a hand
in every phase of its development. Therefore, can one wonder that his heart
is still in that building? He goes into the headquarters of the Egyptian Meteorological Authority each morning and works until the early afternoon. His
presence is a source of pleasure and inspiration to the staff there. As we said
goodbye after the interview and I got into the waiting car, I looked at him
standing there in front of the institution he had built up and cherished over
half a century, and could not help thinking of the pharaohs and their pyramids.'
We are all most gratefUl to Mr Taha for having agreed to the interview, and
wish him many more years of good health and fruitful activity.
H. T. - As usual, my first question is about your family background and education.
I believe you were born here in Cairo?

M. F T. - Yes. I was born in Cairo in 1914. There was nothing very exceptional
about my childhood - I lived a happy life with my two patient parents, but unfortunately I lost them both fairly early. They were extremely kind, but determined
to bring me up in the way they knew to be best. My mother in particular was very
strict about my schoolwork, and it is largely thanks to her that I was one of the
youngest boys in Egypt to take the Primary Certificate, the youngest to obtain the
baccalaureat, and when I took a B.Sc. in physics at Cairo University, I was still
under 21.
H. T. - That is certainly something to be proud of. What was it that led you into

meteorology?
M F T. - That is a long story, but it involves a series of singular circumstances and
is worth telling. When I was young, the family went every summer to a place called
Zebdani in the mountains of Syria, about two hours' drive by car from Damascus.
At the time I took the baccalaureate, it was common practice to apply for the course
in medecine at Cairo University, and this I did. I was provisionally accepted by the
faculty, but informed that I had to undergo the usual medical examination. All
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this happened before we left on our vacation in Syria, and in fact I had to break
my holiday to come back to Cairo for the medical check. A day or two later a letter
was sent confirming that I was declared fit, and requesting payment of the fees so
that I could be registered, but of course it was sent to our address in Cairo and I did
not find it until we returned from Zebdani a few days before the course was due to
start. I presented myself, but was told by the University authorities that since there
had been no reply, my place had been given to one of the hundreds of others on the
waiting list. I was bitterly disappointed. The other faculties- agriculture, engineering
and the like - also had their full quota of students; the only hope remaining was the
newly-established Faculty of Science, which was not yet so well known. I applied
there, and, to my relief, was accepted. There were 13 of us who applied for the
course in physics and mathematics that first year, but only four remained at the
finals at the end of the fourth year (which was 1934), and I was the only one to
take the degree in physics and the only one to get it with honours. They invited me
to join the Faculty as demonstrator in physics, which I was happy to accept. However,
a little while later I saw an advertisement in a newspaper for the post of meteorologist at Almaza aerodrome. I did not know what a meteorologist was, but I had
always been very keen on aviation, and so it seemed to have interesting possibilities.
H. T. - Were there many applicants?
M. F. T. - If my recollection is correct, there were 15. In those days, senior people

in some government departments in Egypt were mostly British, and I was called
for art interview at the Physical Department of the Ministry of Public Works. There
was a board of three, and the first question was: 'Do you know what your work will
be?' I answered 'Oh yes; meteorology'. 'Well, how are you going to measure the
relative humidity?' I had to admit that I had no idea, and asked them to stick to
physics and mathematics. They were amused that someone without the slightest
knowledge of meteorology should have applied for this post, but of course scarcely
anyone in those days, my interlocutors included, had had formal training in meteorology. Well, they kept me for an hour and a half, and the upshot was that I was
offered the post. This placed me in a dilemma, because I did not want to jeopardize
my career with the University. So I put the matter to my physics professor who was
very understanding; he urged me to take the job, promising to keep my place as
demonstrator open for a full year in case I should wish to come back. As a matter
of fact, I was his first graduate to have been offered a post outside the University,
and I decided to accept it.

H. T. - You were therefore a meteorologist in the Division of Civil Aviation of the

Ministry of Communications, stationed at Almaza, but you had not yet done any
meteorology. What was your work initially?

M F. T. - Almaza was a civil airfield and I found a screen with thermometers
installed there, a wind vane, barometer, and so on. Close by was the airfield of
Heliopolis, at that time used by the British Royal Air Force, and there they had a
meteorological office which issued each day a general forecast for Upper and Lower
Egypt, Transjordan and Palestine. A copy of this was sent to us at Almaza, which I
put up on the notice board. Now I was not yet aware of the distinction between a
weather report and a weather forecast, and one day the pilot of an incoming KLM
DC-2 aircraft called for a weather report for landing. I gave the control tower the
bulletin issued by Heliopolis to pass on to him. About 20 minutes later the door of
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the office burst open and a big red-faced man surged in. 'Are you the meteorological
officer here?' 'Er, yes.' 'Then you don't know your job, do you.' It was the furious
pilot of the DC-2, almost ready to beat me up, as he had every right to be. I was
terribly embarrassed, and took the matter to heart. I decided I must go and find how
they did things at Heliopolis. The man in charge of the met. office there was Mr J.
Durward, a civilian though working (with his staff) for the RAF on secondment from
the Meteorological Office. An extremely pleasant person, he was most helpful to me,
explaining the difference between weather reports and landing forecasts, the various
codes, the weather maps, and, best of all, showing me which books I should read
(there were not many). So for two years I did the best I could at Almaza.
H. T. - Nothing was done to-give you some formal training?
M. F. T. - Meteorology in those days was not recognized as a discipline by the
authorities. There was a modest meteorological service in the Physical Department
which ran a few met. stations, mainly for climatological purposes, and made daily
general-purpose forecasts which were rudimentary to a degree. However, in 1936
it was agreed that the British should hand certain things over to the Egyptian
Government, including the provision of meteorological services for the safety of air
navigation. It was thereupon decided that I should go with two others to study
under Professor David Brunt (a very close personal friend of Dr H. E. Hurst, the
director-general of our Physical Department) at the Imperial College of Science and
Technology of the University of London. So it was that, with my two colleagues,
K. H. Soliman and M. G. El Fandi, I embarked on a one-year diploma course in
September 1937. That was followed by a spell of practical training with the Meteorological Office. Professor Brunt would have liked us to stay on in London to do a
Ph.D. course, but the Egyptian Government badly needed our services, so we had to
come home. We were attached to the met. office at Heliopolis airfield, still an RAF
base at that time. This excellent arrangement gave us the opportunity for more
practical training and to gain experience in the field of aeronautical meteorology.
H. T. - This brings us to the outbreak of the Second World War. By then you had a
purely Egyptian Meteorological Service. How many were you?

M. F. T. - I cannot say it was a purely Egyptian Meteorological Service. On the
outbreak of war it was decided to attach the British met. office, with its Egyptian
and British teams, to Almaza which belonged to the Civil Aviation Department.
Both teams ran the office on an equal footing. Then in 1942 the British team pulled
out, leaving the Egyptian team to run the office on its own. I was the leader of our
team, which included four other forecasters who had all obtained the DIC (Diploma
of the Imperial College) in meteorology, and I was delighted to take up the challenge.
To start with, there were just a few meteorological stations where non-qualified parttime observers made observations, mainly for climatological purposes as I mentioned
before. So I took it upon myself to build up a proper synoptic network of reporting
stations. This was a valuable experience; I travelled throughout the country, and
threw myself into the physical work with enthusiasm - it involved digging, painting and all those jobs, and even the erection of landmarks for the azimuth needed
for pilot balloon ascents. I was determined to show that we could stand on our own
feet. We gradually formed a climatological division, and a very modest workshop.
This was all located at Alrnaza, and we were terribly cramped. I shared an office
with seven others, and to get to my chair I had first to crawl under my desk. Another
real problem was the great need to augment our team of qualified forecasters;
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because of the war we could not send university graduates abroad for training in
meteorology as I and my four colleagues had done. Therefore the only thing to do
seemed to be to arrange a course for meteorologists here in Egypt. So I went to see
the Dean of the Faculty of Science at Cairo University, Professor A. M. Musharafa
(he was a well-known applied mathematician who had collaborated with Einstein),
and persuaded him to set up a postgraduate course in meteorology in 1943. As a
lecturer we had Dr Aziz Milad Feressa, who had been able to take a Ph.D. with
Professor Brunt at London. Feressa was then lecturing in physics at the University
of Cairo. I was able to give some lectures based on my experience in synoptic meteorology. At about this time, I was concerned because there was talk of having a B.Sc.
course in meteorology at the new University of Alexandria. I was able to prevent
this, because it is my conviction that you need first a solid base in physics and
mathematics. This is why, as everybody knows, I favour meteorology coming at the
postgraduate stage. It was a time of very hard work, but it was immensely satisfying,
and was crowned when we convinced the authorities to create the Meteorological
Department in 1947. The new Department embraced all of us, the aeronautical
meteorology team of the Civil Aviation Department and the meteorological unit of
the Physical Department.

In 1962 Professor P. A. Sheppard (centre, left) and Professor B. Bolin (centre,
right) visited Cairo to advise on the projected Meteorological Institute for
Research and Training

H. T. - Was the Meteorological Service still under the Civil Aviation Division?

M. F. T. - No. The Civil Aviation Division, to which we used to belong, became a
Department. The Meteorological Department, when established in 1947, was brought
within the Ministry of National Defence (which at certain points of time was called
the Ministry of War), and I must say that we received excellent support from the
Ministry at all times. We were able to bring some of the world's leading meteorologists to lecture at Cairo University and in the Service. This was very fortunate,
because in the years following the Second World War we needed to recruit between
10 and 20 meteorologists a year. Now, of course, we have attained a full complement, and moreover can provide experts to help other countries build up their
Meteorological and Hydrological Services. The intake nowadays is usually less than
five a year.
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H T. - You were appointed Director of the Meteorological Department in 1953.
What was the situation then, and how did it evolve?
M. F. T. - To start with, all our efforts went into providing a service for civil aviation. I was determined not to diversify our activities until we had earned credibility
in that field. Then we gradually branched out into agrometeorological and hydrological research and into other sectors of applied meteorology, setting up a new
branch to support the military services. I was careful to assess the costs, in manhours, equipment and so forth, entailed in providing these new services, and to
charge for them accordingly. I am convinced that this is the most effective arrangement; to have a single central Meteorological Service to fulfil a variety of requirements (including those of the armed forces) rather than a number of small specialized services spread through different governmental departments. At any rate,
this is the system which grew up in Egypt, with the result that in 1971 the Department was transformed to become the Egyptian Meteorological Authority, and I
was appointed Chairman of the Board of Directors. The chairman has direct access
to the Minister, and much more autonomy as regards finance and adminstration. The
Board consists essentially of senior representatives (under-secretaries of state) of
user groups.

Dr A. Nyberg, then President
of WMO, laid the foundation
stone of the Meteorological
Institute for Research and
Training in November 1965.
Here Mr Taha and Dr Nyberg
look with satisfaction at the
architect's model of the
Institute

H. T. - One very important achievement during your period at the helm was the
establishment of the Regional Meteorological Training Centre at Cairo. We featured
this in the WMO Bulletin a year ago.* Perhaps you would like to say something
about how it developed?
M. F. T. - If you look back at the minutes of the last session of the IMO Regional
Commission for Africa in 1947, you will see that I made a plea for an international
meteorological research institute in Africa. The truth was I had been highly impressed by Professor Rossby's institute in Stockholm. Well, I was not then accustomed to international conferences, and knew nothing about the procedures I should
have followed, such as submitting a draft resolution or something like that. My
proposal was politely set aside and forgotten. You must remember that in those days
almost all the African countries were still represented by Europeans. But about ten
years later, once I was sure that the Egyptian Meteorological Department was

* WMO Bulletin 33 (2) pp.

127-131.
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fulfilling its obligations to the user groups properly; I felt I could perhaps start to
turn this old dream of mine into reality and set up here in Cairo a research group to
work chiefly in applied fields of meteorology. The Minister of National Defence had
always been patient with me and was favourably disposed towards our work, and
one day just after Ramadan I went to pay my respects to him. I spoke of my idea
of a research institute. He seemed interested, and so I went on to explain that WMO
and UNDP would help. He asked me how much we would need to put up ourselves,
and as I had done my sums I could tell him without hesitation: 300 000 Egyptian
pounds. There was a pause, then he said 'All right. We'll do it like that', and two
days later I found that this amount had been added to my budget. I lost no time
in seeking advice from experts; Professor P. A. Sheppard came from the United
Kingdom, Professor B. Bolin from Sweden, and several others. When the plans
had been drawn up and building was about to begin, I prevailed on Dr Nyberg,
then President of WMO, to come to lay the foundation stone of the Meteorological
Institute for Research and Training. That was a happy moment for me.
H. T. - What year was this?
M F. T. - That was in November 1965. The Institute was occupied and started to
function after a couple of years under the able direction ofmycolleague M. H. Gidamy.
Nowadays we have some 40 full-time research workers and we issue a reputable
quarterly scientific journal. Candidates for M.Sc. and Ph.D. must register at the
University of Cairo, but they do all their work here. The article in the April 1984
issue of the WMO Bulletin will tell you about the extensive training programmes we
have been able to offer for Egyptians and for nationals of other Arab and African
countries.
H. T. - Did you have a computer in 1965?

M F. T. - No, but as soon as it was clear that the Institute was going to be a success,
I knew we must have one without delay. Therefore a computer was requested from
the UNDP. At first this was strongly opposed by the New York office of the UNDP
because they suspected that it would be used for military purposes. The UNDP
Resident Representative in Cairo at that time was a good and understanding friend
of mine, and he advised me to write some notes explaining about our set-up; that we
were a totally civilian institution even if we did provide services for the armed
forces. Luckily this did the trick, and we received an IBM 370/145 computer, if I
remember rightly, in 1973. The same basic unit, with some modernized components,
is still being used today.

H. T. - Anyone present during sessions of Congress or the Executive Committee
when you spoke on the subject of education-and training in meteorology could be
in no doubt about this being very close to your heart.
M F. T. - I think this really dates back to the Second World War. When our neighbour Syria was liberated from the French Vichy regime and became independent,
they needed meteorological facilities, especially at the international airport of
Damascus. None of the Syrians at that time had been given any training, and even
the instruments had been taken away. Towards the end of 1948 I was sent on a
governmental mission with Major S. A. Mohanna, an aide-de-camp to King Farouk,
to see what could be done, and it was then that I realized how important it was for
the people to be able to stand on their own feet in every domain. Later on I was to
see the same thing in numerous African countries as they in turn gained their independence.

236

H. T. - The idea for an African regional office in WMO originally came from you.
Are you satisfied with the result?
M. F. T. - When I attended Congress for the first time in 1955 -it was the Second

WMO Congress - Mr A. A. Wahab (Sudan) and I were the only Africans representing
their country. In all other cases the representatives were from British, French,
Portuguese or Spanish colonizing powers. I was elected to the Executive Committee,
but could not help feeling rather ill at ease among all the Europeans and others of
European origin occupying seats that by right should have been fllled by Africans.
Anyway, meteorology in Africa was then in a very poor state, and I was convinced
of the need for WMO to give more attention to the Region. It seemed that the
best way to do this was through a regional office. To answer your question, I must
admit that, although it has brought quite a lot to the continent, it did not come up
to my hopes and expectations.
H. T. - I think I see now why you are regarded in the meteorological community
of Region I as the 'Father of African meteorology'.
M. F. T. - They are very kind, and the gesture touches me deeply. In fact it is with
great pride that I see the young Meteorological Services in Africa tackling so successfully the numerous problems that beset them. If I have been able to help from my
store of experience, then I am more than happy.
H. T - I should like to hear some of your recollections of the IMO conferences
that you attended in its last years- the late 1940s.

M. F. T. -You will remember that back in 1946 I was in the small meteorological
section within the Department for Civil Aviation. The section was called the Aviation
Meteorological Service. When the invitation came to attend the Extraordinary
Conference of Directors of Meteorological Services in London, I attended in my
capacity as head of that service. So, after a hazardous journey on a DC-3 aircraft
which took 12 hours, with several stops on the way, there I was sitting among the
gods of meteorology. During the meetings I listened intently, but never opened my
mouth once. Outside the meetings I was like a parrot. Never~heless, I was able to
get to know some of these famous people: Fedorov, Gold, Angstrom, Hesselberg
and Reichelderfer -all sadly passed on now. With Sir Nelson Johnson, the DirectorGeneral of the British Meteorological Office and President of the Conference, I was
really too timid to be able to form a close contact, even though he had visited our
service in Cairo during the war.
H. T - I believe you were at the conference in Washington, D.C. the following
year when the WMO Convention was signed?
M. F. T. - The delegation which went to North America consisted of Hassan Fahmy
(Deputy Director of the Department), M. H. Gidamy, Major Mohanna and myself.
We went first to Toronto to attend the final meetings of the IMO technical commissions before going to Washington for the Conference of Directors. This time I took
an active part in the discussions; I knew what I was talking about. One thing that I
was not happy about was the fact that those who had drafted the Convention were
seemingly anxious to limit changes between the IMO and WMO to little more than
the change in name. I felt then, as I feel now, that an intergovernmental institution
cannot delegate the supervision of its affairs to a committee or council of individuals
elected in a personal capacity, as is the case with the WMO Executive Council, which
meets for only two or three weeks each year. There must he some full-time organ
for that purpose, and I feel sure this will come about eventually, even if it seems
rather revolutionary today.
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H. T. - Were you involved at all in ICAO activities?

M F. T. - Before ICAO formally came into being, there was the Provisional International Civil Aviation Organization, and I attended a PICAO regional meeting for
the Middle East here in Cairo; I think it was in 1946. Since we were the hosts, I
was elected chairman of the committee on meteorology, in spite of my lack of
experience. I went to another similar regional meeting in Istanbul about four years
later. Apart from that, I have not been very closely involved in activities of ICAO.
I do wish WMO would have a similar system whereby the Governing Council meets
all the year round, members of the Council being Members of the Organization and
elected as such, rather than as individuals elected in a personal capacity.

Mr Taha was President at the time of the
marking the centenary of IMO and WMO.
Federal Minister for Science and Research,
Secretary-General, Dr

celebrations in Vienna and Geneva
Here he is seen with the Austrian
H. E. Dr Hertha Firnberg, and the
D. A. Davies

H. T. - You have already mentioned that in 1955 you were elected to the WMO
Executive Committee (on the strength of your personal attributes, whether you
like it or not); in 1959 you were elected Second Vice-President, and from 1971
to 1979 you served as President of the Organization. What can you say about the
growth of WMO's activities in that period?

M. F. T. - There is no doubt that this is due to the profound interest of Members
of the Organization in meteorology and their conviction of the value to all humanity
of mutual co-operation at the international level. This period of 24 years you refer
to coincides almost exactly with the term of office of my very good friend Sir
Arthur Davies as Secretary-General. Words cannot express what he gave to the
Organization and its Membership. Therefore, there is no doubt in my mind that
great credit for WMO's blossoming out must go to Sir Arthur. I may have criticized
the Executive Council's structure just now, but I do not impugn in any way the very
active role it and the other constituent bodies of the Organization played in the
fruitful growth of activities, nor the special spirit of friendship and co-operation
which has so often helped us get over difficult hurdles. That is something we must
safeguard at all costs. For me, this period was one of great personal happiness; the
contacts I forged and the friends I made have been of enormous benefit to me.
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Just attending international meetings taught me a wealth of things about how to
fulfil my own function, even at the national level. I also learnt that even if two
people have fundamentally differing views they can still be good friends and respect
each other.

Participants in the centenary celebrations in Geneva. Standing in front are Dr Davies (SecretaryGeneral), Dr P. Koteswaram (Third Vice-President), Mr J. Bessemoulin (Second Vice-President)
and Mr Taha (President). The First Vice-President, Dr W. J. Gil}bs, is between Mr Bcssemoulin
and Mr Taha
(Photo: WMO/Bianco)

H. T. - Could you please tell readers something about the Permanent Meteorological
Committee of the League of Arab States?
M. F. T. - Well, I was responsible for its creation. Back in the early 1950s I
succeeded in having a subcommittee on meteorology established; it was a subcommittee of the Standing Committee on Communications. I built it on the philosophy of WMO, the members are the heads of Meteorological Services in the Arab
countries, of which there are currently about eighteen. Biannual meetings are held at
which we review what has been done in the WMO constituent bodies and adopt
resolutions and recommendations aimed at implementing national programmes to
best advantage. From a subcommittee it became a permanent committee in 1970,
having the same status as other permanent committees in the League. One of the
things we achieved was to convince the authorities of all the Arab League States of
the merit of having a central Meteorological Service rather than several units in
different governmental departments. I was honoured to be designated president of
that permanent committee from 1971 to 1977.

H. T. - You are, or have been, a member or president of several national committees.
Which gave you the greatest satisfaction?

M. F. T. - Without any doubt it was the honour and privilege of having been entrusted with running the Egyptian Meteorological Service for so many years. For me,
this surpasses even the honour of having served as president of the National Committee for Geodesy and Geophysics.
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H. T. - And which of your awards and distinctions mean the most to you?

M. F. T. - There are three. At the national level, I was very proud to receive from
the hands of the late President Anwar El-Saadat the Order of Science and Arts
(First Class). I was among 25 scientists who received this distinction at an impressive
public ceremony. It was the first time this Order had been conferred. Then, at the
regional level, I treasure greatly the honourable citation signed by the chief delegates
from African countries which was presented to me at the last Congress in 1983.
Finally, at the global level, I was immensely proud to have been awarded the IMO
Prize. I don't think I can say more than that.
H. T. - Your Meteorological Service was one of the first to incorporate a special
unit to deal with international affairs. What was the origin of that innovation?

M F. T. - When I took over the Meteorological Department, I was determined to
avoid a bureaucratic structure in which no action would be taken on urgent matters
until a report had come to me through devious channels. So I appointed two or
three officers who were directly responsible to me in respect of different activities.
Now, in what field are we more dependent on international collaboration than
meteorology? Therefore, one of these officers was given responsibility for international affairs, and I saw to it that only staff of the highest quality were attached to
this unit. In this way I was kept fully informed about events in the international
arena, and could decide promptly on appropriate national action.
H. T. - Could you name some of the great meteorologists who have made a lasting
impression on you?

M. F. T. - Some names I may have mentioned already - Fedorov, Reichelderfer,
Van Mieghem, Rossby, Petterssen, Bolin, Sheppard, Sutton - and I have very great
respect for Professor Izrael of the USSR. But I would like to mention one other,
and that is Professor Hesselberg of Norway. Back in 1955 at Second Congress, I
happened to be staying with my wife at the same Geneva hotel as Professor and
Mrs Hesselberg. He was among the gods as far as I was concerned, but I found him
extremely approachable. When I considered standing as a candidate for election
to the Executive Committee, I timidly asked him for his advice. To my gratification,
he encouraged me wholeheartedly, and in fact it was thanks to Professor Hesselberg
that I was then launched into international meteorology.
H. T. - How do you spend your time nowadays, Mr Taha?
M. F. T. - I often come to the Meteorological Authority to visit these people I like
to think of as my sons. In the case of some of the older ones, we have spent more
time here together than we have in our own homes. I cannot repeat too often that I
owe them tremendous gratitude for my own success and the achievements of the
Service. I am still doing some work in meteorology; here is a vocabulary in Arabic
which I have almost finished. It has taken me seven years to compile. I drew on WMO
publications such as the 1966 International meteorological vocabulary, the International cloud atlas, the Technical Regulations, and so on.

H. T. - Perhaps you would tell readers the story about the
in the royal palace gardens?

r~,Jdiosonde

which fell

M. F. T. - For a time during the Second World War, the Americans had an airbase

with a forecasting office at Cairo (Payne ), and they made radiosonde ascents from
there. I had read about these instruments but had never seen one. Well, one day
Major Mohanna, King Farouk's aide-de-camp, came to me in some consternation
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to say that this thing with a parachute had come down in one of the King's palace
gardens in the Nile delta. At first they feared it was a time-bomb and experts were
brought in; it was only then that they found what it really was. Major Mohanna came
to me and said that His Majesty wanted to know all about this peculiar type of
instrument. Therefore I went to the American base and asked to see one of these
radiosondes, took it to pieces and found out how it worked, and reported back
to Major Mohanna who duly reported back to the King. I do not know whether it
was because of this incident in particular, but Major Mohanna was always extremely
co-operative with us in the Meteorological Service after that, and gave us valuable
support. I must also pay tribute to the successive ministers who invariably had the
acuity to see the benefits meteorology could bring to the country and its people,
and gave us the resources we needed to burgeon out into a useful and efficient
Service.

H. T. - Finally, Mr Taha, your advice please to a young person who would like
to take up meteorology as a career.
M. F. T. - All I can say is this. Believe in meteorology and be faithful to the science.
Put your whole heart into it, rather than treat it simply as a means of earning a
living. You will be rewarded.
H. T. - Mr Taha, thank you very much for all these interesting comments and

reminiscences. Your many present and former colleagues the world over will, I
have no doubt, derive a special pleasure in reading this interview. I hope you will
continue to enjoy a long and active retirement.
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Or W.J. Gibbs
The journey by air from Geneva to Melbourne is long and fatiguing, and to
help pass the time the traveller is advised to take plenty to read. During the stop in
Singapore, I browsed among the paperbacks in a bookstall and a certain title caught
my eye: The World's Greatest Cranks and Crackpots by Margaret Nicholas*. It was
filled with stories about people with eccentric habits and extravagent whims, and
Chapter One was called 'Strange Scientists'. The book promised to enliven the
remainder of the flight so I bought it. Quite apart from his great interest in meteorology (he is said to have 'discovered' the anticyclone), Sir Francis Galto.n (18221911) was eminently suited for inclusion in Chapter One. He travelled widely and
was anxious to pass on the fruits of his experience to others. For example, his
remedy for intestinal disorders when in remote foreign parts was to drink a charge
of gunpowder in a tumbler of warm soapy water. Fortunately I felt perfectly well,

Dr W. J. Gibbs
(Photo: H. Taba)

and anyway I hesitated to ask the cabin crew for a shot of gunpowder, not being
sure what their reaction would be. Galton 's principal passion was the study of
heredity and genes, and he strongly advocated selective breeding of the human
race. He considered his point was vindicated in the famous book The Origin of
Species by his cousin, Sir Charles Darwin. One important discovery from his research
on thousands of volunteers was the individuality of finger and thumb prints, and he
wrote a book on it which is still an authoritative text.
Once again the personality whose interview is published below hardly needs
any introduction to readers of the WMO Bulletin. Member of the Executive Committee
from 1963 to 1978, and First Vice-President of WMO from 1967 to 1975,
Dr W. J. ('Bill') Gibbs can be qualified neither as a crank nor a crackpot. After
obtaining a B.Sc. from the University of Sydney, Dr Gibbs joined the Australian
Bureau of Meteorology in 1939. During the Second World War he served in the Royal
Australian Air Force, first in Papua New Guinea, and later at the headquarters of the
Allied forces in the Pacific at Brisbane. He was awarded an M.Sc. from Sydney

*

Exeter Books, New York (1984)
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University for a thesis on tropical meteorology. After obtaining a Master's degree in
meteorology from the Massachusetts Institute of Technology in the USA in 1952,
Bill Gibbs became responsible for research activities in the Bureau of Meteorology,
and was appointed Assistant Director in 1958. He became Director following the
sudden death of L. J. Dwyer in 1962, and saw the Bureau through a period of
remarkable development. He has written numerous scientific papers on diverse
subjects, and also a short history of meteorology in his country*.
From this booklet we learn that Sir Thomas Brisbane, Governor of New
South Wales, set up an observatory at his own expense at Parramatta (about 30 km
west of Sydney) and that systematic weather observations were carried out there
from 1822 to 1827. In their capacity as Government Astronomers in the various
Australian colonies, such people as the Reverend W. Scott, Georg van Neumayer,
W. E. Cook, R. L. J. Ellery, Charles Todd, H. C. Russell and Clement Wragge established observatories and instituted weather reporting throughout the inhabited parts
of the continent. Sir Charles Todd of South Australia was also Superintendent ·of
Telegraphs, and had established overland connections by wire with neighbouring
colonies by 1858, and in 1872 completed the remarkable achievement of connecting
Adelaide with Darwin, some 2600 km to the north, by overland telegraph. He made
it the duty of all his telegraphic operators to make and transmit weather observations,
on the basis of which he himself prepared weather charts and issued bulletins.
Likewise, from 1877 Russell had his daily weather maps printed in the Sydney
Morning Herald. It was he, with Todd, who was instrumental in initiating conferences
of the government astronomers of the Australian colonies and the Inspector of
Meteorological Stations in New Zealand, which led to much greater co-operation.
The Commonwealth Bureau of Meteorology was created in 1908, following the
federation of the former colonies in 1901.
Dr Gibbs has participated in innumerable international meetings related to
meteorology, starting with the final sessions of the !MO technical commissions in
Toronto in 1947 and the subsequent Conference of Directors in Washington, D. C.
He was elected member of Sigma Xi in the USA in 1952, received an honorary
D.Sc. from the University of Melbourne in 1965, and was made an 0/ficer of the
Order of the British Empire in 1968. In 1962 he presided over the geography section
of the Australian and New Zealand Association for the Advancement of Science, and
in 1972 over the applied mathematics section. Dr Gibbs was awarded the twentyseventh !MO Prize in 1982.
This interview was held in Dr Gibbs' residence in Melbourne on Monday
10 December 1984. We are most grateful for his willingness to contribute to the
series of interviews which has become such an appreciated feature of the WMO
Bulletin.

H. T. - Dr Gibbs, please would you start by telling us something about your family
background.
W. J. G. - My ancestors came from the British Isles, a fact which no doubt still
exerts an influence on my outlook and character. My paternal great-great-grandparents arrived in Australia in 1835, about fifty years after the first immigrants had
settled there, and they became farmers or storekeepers in what we call the 'backblocks' - small isolated rural communities where living conditions were extremely

* The Origins of Australian Meteorology. By W. 1. GIBBS. Australian Government
Publishing Service. Canberra (197 5)
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basic. I sometimes think of my life as being made up of seven stages. Not, I hasten
to add, the seven ages of man depicted by Shakespeare in As you like it, these are
much too unflattering at the two extremities. My first stage commences with my
birth at Bondi, near Sydney, on 17 October 1916. My father never saw me because
he had left on a troopship bound for Europe to fight in the First World War, and
he was killed at Ypres (Belgium) just before my first birthday. He and my mother
were then both 23. It was a poignant moment for me when, on the occasion of the
G ARP Planning Conference in Brussels, I visited Ypres and stood before a memorial
and saw my father's name engraved thereon with many many others. They were
the names of young men killed in battle whose bodies had never been identified.

H. T. - I believe that terrible war took more than eight and a half million lives.
What effect did the loss of your father have on your childhood?

W. J. G. - My mother and I lived with either my maternal or paternal grandparents
whilst I was a small boy, and, although they were not well off, they more than made
up for this by their warmth and affection. I had a happy childhood. A wealthy
landowner called Sir Samuel McCaughey, who died in 1919, endowed a fund to
support the education of children whose fathers had been killed in the First World
War, and this helped me to get to Sydney University. I am proud to say that one of
the early graduates of that university was Henry Chamberlain Russell, the first
Australian-born Government Astronomer and Meteorologist in the colony of New
South Wales.

H. T. - As was normal in those days, I suppose there was no university course
available in meteorology?

W. J. G. - That is right. Meteorology was not a subject to interest the mathematicians and physicists of the day. It came up as an incidental subdiscipline of geography, which was how I first came into contact with it at an academic level. I
found meteorology had an immense appeal, and, after I had graduated, I tried very
hard to find employment in it. But my first job was in the research laboratories of
Amalgamated Wireless of Australia. It was in 1939 that I was taken on by the Bureau
of Meteorology in its Sydney office. Later I was sent to follow a training course at
the headquarters in Melbourne. It was only the third such course; previously
meteorologists had had to learn everything as they went along, and many had not
had a university education. We were about 30 graduates on this course, and we had a
great variety of lecturers, most of them drawn from the Bureau staff, but one, Fritz
Loewe, had been appointed to the newly-formed Department of Meteorology at the
University of Melbourne. He had worked with the famous German meteorologist
A. L. Wegener, and accompanied him on the expedition to the Greenland ice-cap in
1930 on which Wegener lost his life. Loewe himself suffered the loss of several
frost-bitten toes which were amputated by another member of the expedition using a
penknife and tin-snips. Loewe himself was a quaint romantic figure, and although his
strong Teutonic accent made him very difficult to understand at first, we found him
to be a really remarkable character and a fountain of knowledge.

H. T. - What meteorological text-books did you have?
W. J. G. - I can remember only two, both now regarded as classics. There was
Physical and Dynamical Meteorology by David Brunt*. I must confess that the
treatment of the equations of motion in cartesian coordinates caused me difficulty,

* The Macmillan Co. and Cambridge University Press (1934)
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which I overcame some years later when introduced to the same equations in vectorial form. The other book was Weather Analysis and Forecasting by Sverre
Petterssen*, newly published, from which we learnt about fronts.
H. T. - The Second World War had broken out in Europe by this time, and Australia
aligned herself again with the Allies. Were meteorologists enlisted into the armed
forces?

W. J. G. - Members of our training class were invited to volunteer to serve in the
Royal Australian Air Force, and we all became officers in that service. Thus began
the second stage in my life. We were posted to airfields where it was intended to have
one or more squadrons of aircraft. My orders were to go to Port Moresby in Papua
New Guinea, which in those days was still administered by Australia. I went to the
Director of Meteorology, Mr H. N. Warren, to ask if I might be permitted a stopover
in Sydney in order to get married. At first he said I ought to take life more seriously
than to want to get married when there was a war on, but in the end he relented and
gave me one day's leave. So in September 1940 I married my wife Audrey, who
was a trainee nurse, and, after a 24-hour honeymoon, left for New Guinea.

H. T. - Judging by the fact that your only text-books were those of Brunt and
Petterssen, I imagine your training in Melbourne must have been oriented towards
middle-latitude atmospheric features. Now that you found yourself in the tropics,
things must have been rather different?

W. J. G. - Very different. The winds were certainly not geostrophic; there were
features which resembled fronts, but the atmosphere was obviously more barotropic
than baroclinic, so that the frontal theory as we had learnt it was not relevant. So
one had to develop one's own empirical theories based on surface observations and
a few upper-wind reports from pilot balloons. I soon found that the behaviour of
the atmosphere was largely governed by the diurnal cycle, and that mountains had
a predominating influence.
H. T. - What were living conditions like in Port Moresby?

W. J. H. - I am afraid it was redolent of nineteenth century colonialism. The local
inhabitants were regarded as second-class citizens. We were comfortable enough
on the whole, and at that time the war seemed very far away; in fact my wife came
to join me in December 1940. However things changed abruptly a year later when
the war spread to the Pacific; my wife and baby daughter were hurriedly evacuated
along with the other civilians. The small army and air force garrison experienced
air raids with heavy bombing over the next eight months, and I learnt a great deal
about life and weather forecasting in the tropics. I was then transferred to Brisbane
where headquarters had been established for the South-West Pacific under General
Douglas MacArthur of the USA. Another RAAF meteorological officer and I had
been chosen to provide daily briefings on the weather situation over an area covering
South-East Asia (including Malaysia and the Philippines) eastwards to the 180-degree
meridian. When you consider what little data we had - pitifully few surface observations and scarcely any upper-air reports, because radiosondes were only introduced
in the region in 1943 -you may have an idea of the problems we were up against.
We encoded our synoptic analyses for transmission to the meteorologists at the
various outposts held by the Allied forces. I was anxious to have an exchange of
views with them about how the tropical atmosphere behaved, so, with the approval
of the senior RAAF meteorological officer, started up a 'Tropical Weather Research

* McGraw-Hill (1940)
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Bulletin' which was disseminated widely and attracted contributions both from
headquarters and from outstations. The articles dealt mainly with synoptic analysis
and forecasting in tropical regions. At the end of the war, we were commended for
our daily analysis statements and the TWRBs by British and American commanders.

H. T. - What happened to you after the war?
W. J. G. - I entered the third stage of my life. One of the first things that happened
was that I was sent with a military mission to Japan to find out what progress they
had achieved in meteorology. That was a very interesting experience, but I have
an indelible impression of the utter devastation there; not just the results of the
atom bomb at Hiroshima, but also at Tokyo itself from incendiary bombing. Having
lost my father in the First World War, I had always regarded armed conflict as being
an unrewarding pursuit, and as I roamed the ruined Japanese cities I shared the
feelings about warfare expressed by Lewis Fry Richardson. Incidentally, 1was delighted
to learn that Oliver Ashford has written a biography of Richardson *, and I look
forward to reading it. To come back to my story, I was attached to the Central
Analysis and Weather Development Section of the Bureau of Meteorology in
Melbourne, where the work proved to be much the same as we had been doing at
Brisbane, except that we gave much more attention to the weather in southern parts
of Australia. Now that we had a few radiosonde stations, we could construct
rudimentary upper-air analyses. A difficulty experienced by Australian meteorologists is that which arises from the latitudinal situation of the continent. Our
latitudes are considerably lower than those of the countries of the northern hemisphere where the science of meteorology had been developed, so that it is not possible
simply to transpose the results from the higher northern hemisphere latitudes to our
situation. Compounding our difficulties was the almost complete absence of
observations over the vast oceans to the south of the Australian continent, which, in
fact, correspond to those northern hemisphere latitudes which saw the burgeoning of
meteorological knowledge.

Toronto, 1947- Dr Gibbs (right) in conversation with Professor J. Van Meighcm during the
final session of the !MO Commission for Aerology

(Photo: Canada Pictures)
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H. T. - Had you any involvement in IMO in its final years?
W. J. G. - It happened that in 194 7 I received an invitation to join the University
of New England at Armidale in New South Wales. When I told my boss, Mr Warren,
he made a counter-offer that I could not resist. He was going to the winding-up

* See WMO Bulletin

34 (2) p. 174 (Ed.).
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meetings of the IMO technical commissions in Toronto followed by the Conference
of Directors in Washington, D. C., and he suggested that I accompany him as his
adviser. For me this was the experience of a lifetime; there in the flesh were those
meteorological demigods I had heard and read about: Petterssen (he was president
of the Aerological Commission), Gold (president of the Commission for Synoptic
Weather Information), Tannehill (president of the Commission on Projection for
Meteorological Charts), Reichelderfer (president of the Regional Commission for
North and Central America), Bergeron, Bleeker, Hesselberg, Palmen, Sutcliffe,
Vaisala, Van Mieghem, and the President of IMO himself, Sir Nelson Johnson. I met
countless others, such as Cartwright, Godson, McTaggart-Cowan, Nyberg and Wexler,
many of whom became good friends. My director, H. N. Warren, was president
of the Regional Commission for the South-West Pacific and also chairman of the
committee which drafted the Convention for WMO, so he played an important
role at Washington. I cannot recall who were the representatives of the USSR at
Toronto and Washington, but I believe that Academician Fedorov already had represented his country at the Extraordinary Conference of Directors in London back
in February 1946. The very last IMO meeting I attended was that of Regional
Commission V at Wellington (New Zealand) in 1948. Back home after these momentous gatherings, I realized that we were on the brink of a new era in meteorology.

H T. - Were you able to do something about acquiring meteorological data from
the Southern Ocean?
W. J. G. - In 1948 we opened up weather stations on Heard Island (roughly 4000 km
from the south-western tip of the continent) and Macquarie Island (some 1600 km
SSE of Tasmania). At last we could get a glimpse of the Southern Ocean circulation
features. Another very useful thing was that Mr Warren got hold of some old naval
radars and adapted them for upper-wind measurement purposes. Previously it had
been very difficult to follow a balloon to high levels because of cloud and strong
winds. Now we could confirm the existence of a jet stream in the upper troposphere, and I believe we in Australia may have been among the first to detect the
subtropical jet which virtually girdles the Earth in the southern hemisphere at around
latitude 30°S.

H. T. - What progress was made in research during the immediate post-war years?

W. J. G. - The end of the war meant that more time could be given to writing
research papers which were distributed freely, and the flow of journals soon became
a flood. If I were to single out one paper of this period which constitutes a milestone,
it would have to be Sutcliffe's 1947 article A contribution to the problem of development1. In some ways it was as significant as Richardson's 1922 work 2 demonstrating
how to use Vilhelm Bjerknes's 1904 equations 3 to compute the future state of the
atmosphere by numerical methods. For us in Australia, the new sources of data
stimulated greater interest in the behaviour of the southern hemisphere circulation.
At first we had produced constant-height upper-air analyses, mapping the pressure
pattern at those heights, then we progressed to constant-pressure-level topography
mapping. But in order to represent lower-latitude features such as the subtropical
jet stream, we had to adopt the streamline and isotach technique. To sum up, the

' Quarterly Journal of the Royal Meteorological Society 73 pp. 370-383
Weather Prediction by Numerical Process. Cambridge University Press (1922)
3
Meteorologische Zeitung 21 pp. 1-7
2

248

period 1945-1951 was one of reconstruction -of personal careers, of institutions
and of scientific thinking.

H. T - I understand that you went for further training in the United States of
America.

W. J. G. - This was the fourth stage of my life. I learnt of the existence of the
Commonwealth Fund of New York which offered fellowships to public servants
in Commonwealth countries to study in the USA. Being very conscious of my
limited formal training in meteorology, I applied for a fellowship, and was lucky
enough to be awarded one. In principle, the recipient may choose his place of study
in consultation with the administrators of the Fund, and my preference was for
the University of Chicago. However, for some reason which I now forget, I was
prevailed upon to go to the Massachusetts Institute of Technology instead. There
were some most interesting people on the staff there: H. G. Houghton, who was in
charge, gave me a wonderful insight into such fields as thermodynamics and cloud
physics, J. M. Austin presented a useful course on synoptic meteorology, E. N. Lorenz
and V. Starr were both highly stimulating, and H. C. Willett showed us how infinitely

Canberra, 1969 - The WMO Bureau is received at Government House. Left
to right: Dr A. Nyberg, President ofWMO; Academician E. K. Fedorov, Second
Vice-President; Dr Gibbs, First Vice-President; Lord Casey, Governor-General
of Australia; Mr N. A. Akingbehin, Third Vice-President; Dr D. A. Davies,
Secretary-General

complex was the domain of long-range forecasting. But of them all, it was Heinz
Lettau whom I remember with greatest affection for his humility in greatness and his
consideration for his students. It was he who introduced me to a quotation from the
work of the eighteenth century French scientist Jean Le Rond d'Alembert, a
quotation which has remained with me ever since because of its particular pertinence to meteorology. Freely translated it is this: 'If it happens that a problem we
wish to examine is too complicated to permit all the elements to enter into the
analytical relation we wish to set up, we separate the more inconvenient elements
and sub~titute others which are less troublesome, but also less real. Then we are
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surprised to find that, notwithstanding our painstaking efforts, the result is contradicted by nature'. When I started the course at the MIT, I had been afraid that, at
my advanced age of 35, my brain might no longer be up to it. So I was very relieved
to get good grades and to receive a Master's degree at the end of three semesters.

H. T. - Did you manage to contact any other groups during your stay in the USA?
W. J. G. - One of the conditions attached to the fellowship was six weeks' obligatory
travel in the USA, after which the recipient was expected to write up his or her
impressions. That permitted me to visit several centres of activity. In New York
I talked to Bernhard Haurwitz, and was surprised when he complimented me on
the published results based on observations from Heard and Macquarie Islands. I
had imagined he would be too wrapped up in theory to have time to look at these
more functional aspects, but it seems he liked to have data readily available against
which to check theories. In Chicago I met Horace Byers and Dave Fultz, and saw
Fultz's fascinating spinning dish-pan experiment which closely resembled that
proposed by Richardson almost 30 years earlier. I cannot remember where Rossby
was at the time, but I always regretted never having met this giant among meteorologists. At the University of California at Los Angeles I met Jack Bjerknes and
Clarence Palmer; Palmer was a New Zealander who had done a lot to advance the
theory of tropical meteorology. At the headquarters of the U. S. Weather Bureau
in Washington I found some of the people I had met at the IMO conferences in 1947.
In particular I got to know Namias, Tannehill and Wexler much better. Of all the
meteorologists I ever met, I think Harry Wexler must have been the most lovable
- he had unbounded enthusiasm and great understanding combined with considerable modesty and humility.

H. T. - When you returned to Australia in 19 52, what sort of work were you engaged
upon?

W. J. G. - It was back to the Central Analysis and Weather Development Section at
Melbourne to begin what I regard as the fifth stage in my life. The Bureau of Meteorology did not have any full-time research posts at that time, but many of us nevertheless found time, often in off-duty hours, to investigate atmospheric processes
in the upper air and over the Southern Ocean. At about this time I served on two
working groups of WMO's Commission for Aerology. There were three of us on the
Working Group on the Jet Stream - Roy Berggren, Chester Newton and myself
- and we drafted a report which was published as a Technical Note*, everything
being done by correspondance. I am less sure who were the other members on the
Working Group on Climatic Atlases of the Free Atmosphere; there was J. K. Bannon
and F. Steinhauser, and the chairman was Professor Van Mieghem. We had a very
full routine at Melbourne, preparing analysis and prognosis charts by hand and then
encoding them in five-figure groups for transmission, although we were relieved of
the latter chore when facsimile arrived. In 1958 I was appointed Assistant Director
in charge of research, but the lack of full-time research posts and the need to develop
improved techniques in providing forecasts and other services left little time for
more fundamental research work. We were, however, able to make some considerable
advances in technology. We found that our ten-centimetre windfinding radar could
also be used for tracking tropical cyclones and pinpointing thunderstorms, and I
believe we were among the first to use radar for this purpose. In fact, after an aircraft
had crashed at Sydney because of turbulence in a thunderstorm, we developed a

*
(195 8)
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Observational characteristics of the jet stream. Technical Note No. 19, WMO-No. 71

radar system expressly to permit pilots to avoid storms, and in that we may well
have been ahead of the Americans. Another field in which we eventually had great
success was automatic weather stations; we now have an extremely useful network
of AWSs. But, as you can guess, the greatest boon of all were the meteorological
satellites. Soon after TIROS-I had been launched in April 1960, Harry Wexler
sent me a large batch of satellite photographs covering our region. Thereupon George
Rutherford and I sat down and reconstructed our synoptic analyses over the Southern
Ocean in the light of the circulation features revealed by the cloud patterns. These
pictures were immensely useful in confirming certain synoptic processes which we
had previously only suspected, and we immediately realized the tremendous value of
satellite information to fill the huge Southern Ocean data-deficient areas.

Geneva, 19 75 - On the
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Bourke

H T. - The International Geophysical Year in 1957/58 must have had a special
importance to you in the southern hemisphere. Would you like to say something
about it?

W. J. G. - I was quite heavily involved in preparations for the IGY during the early
and middle 1950s. It led to a greatly increased number of expeditions to Antarctica;
in particular the Americans had their operation 'High Jump' some time in advance,
with quite a concentration of ship reports in the sub-Antarctic seas. The USSR
launched Sputnik-] in October 1957, ushering in the era of the artificial satellite. I
attended an IGY conference in Moscow in 19 58 and also the initial meeting of the
ICSU Scientific Committee on Antarctic Research (SCAR), then the following year I
participated in the first of four sessions of the Executive Committee Panel of
Experts on Artificial Satellites. The other panel members were Academician Bugaev,
G. D. Robinson and Harry Wexler. I recall Wexler enthusing over the possibilities
offered by satellites in obtaining a global picture of the world's weather even before
TIROS-I was laup.ched. He and Bugaev went on to formulate plans for the World
Weather Watch. At the request of ICSU, the Bureau of Meteorology and the
Australian Academy of Science jointly established an International Antarctic
Analysis Centre in Melbourne in 1957 under the able leadership of Henry Phillpot.
This continued to function until the Melbourne World Meteorological Centre became
operational.
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H. T. - You were appointed Director of Meteorology in 1962. What were your
primary concerns on taking office?

W. J. G. - In what I consider the sixth stage in my life I was privileged to have the
opportunity to continue the development of our national services in meteorology.
We had made substantial progress in the study of tropical cyclones, droughts, weather
conditions which favoured bushfires, and flood forecasting. Needless to say, we
were also very anxious to pursue the further development of our services to aviation,
still our major client. I was particularly keen to maintain our effort in placing climatological data on punched cards; climatology was at last being recognized as an
important factor in long-term planning. The Commonwealth Scientific and Industrial
Research Organization (CSIRO) had been involved in quite an extensive investigation into evaporation control and the possibilities of rainmaking. Unfortunately,
the press published stories which claimed that rainfall had been increased by as •·
much as 30 per cent in experiments. Subsequently we had assisted in carrying out a
verification of the experiments, and I am afraid that the results did not support,
these claims. As I said earlier, we had made very good progress in technological
services under the direction of my predecessor, Len Dwyer, but when he died
suddenly and I was made Director, it was clear that we had not enough staff to make
the best use of them. I learnt then that it was not so easy to obtain from the
Government all the resources we needed, even though the economic climate of the
1950s and 1960s was favourable. One problem lay in the fact that, whereas the area
of our continent is not far short of that of the USA (excluding Alaska and Hawaii),
our population is not even one tenth. This means that we have to maintain an
observing network out of all proportion to the size of the population. Nevertheless,
thanks to the pronounced shift of public interest towards meteorology, I was able
to increase the manpower of the Bureau from less than 900 in 1962 to almost
2000 in 1973. Since then increased automation and government economy measures
have dictated a reduction in staff numbers.

A keen fisherman, Dr Gibbs displays a catch in

Exmouth Gulf, Western Australia

H. T. - With such a substantial increase in personnel, I suppose you could afford to
undertake more research?
W. J. G. - I had great difficulty convincing the authorities of the need to increase
the Bureau's role in research. I began initiatives to establish some posts for fulltime basic (as opposed to applied) research in 1963, but it was only in 1969 that
approval was given for a joint venture with the CSIRO for a meteorological research
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centre. It is never easy for the director of a Meteorological Service to strike a balance
in the allocation of resources between operational activities, the exploitation of
technology and research. I was extremely lucky to have such a brilliant and experienced
team in the Bureau, and great credit is due to each and every member for our achievements.

H. T. -You have not yet mentioned the acquisition of a computer.
W. J. G. - This, of course, was a crucial element in our scientific and technological
progress. It was a great leap forward in 1968 when we acquired two IBM 360/65
computers to replace our Hollerith punched-card machines. Before the computers
arrived, Uwe Radok and Dick Jenssen had done a lot of work developing NWP
programs at the University of Melbourne, even though the computer facilities there
could not do justice to it. Therefore, when the computer was installed, Ross Maine
and others very quickly had systems running. By this time, the WWW efforts were
already bearing fruit, and the quantity of observational data from satellites was
growing daily. The international co-operation which permitted such a world-wide
harvest of data was specially appreciated in Australia because of our geographic
isolation. For our part, we were engaged in a number of programmes to support
meteorology in developing countries, in particular those in South-East Asia and the
South-West Pacific.

H. T. - You played an important part in launching WMO's World Climate Programme.
Please tell readers something about this.

W. J. G. - The primary reason for instituting the WCP was widespread anxiety that
the world's climate was undergoing a rather abrupt change. In the early 1970s,
scientific and popular journals pointed to a world-wide cooling trend, the more
sensational reports suggesting a return to an ice age. Paradoxically, the most widely
accepted prognosis today is of a global warming due to increasing amounts of carbon
dioxide in the atmosphere. The Executive Committee set up a panel of experts in
1974 to prepare a report for Seventh Congress the following year, the United Nations
General Assembly called on WMO to study climatic changes, and Congress told the
Executive Committee to take the necessary action. This devolved on the panel, of
which I had been designated chairman in 1975, composed of W. Baier, B. Bolin,
H. Flohn, J. Murray Mitchell Jr, and Yu. Sedunov. We concluded that there was no
imminent danger of a climatic change, but pointed out that, because of the inherent
inter-annual variability, it would be impossible to detect a change unless this were
very pronounced. The magnitude of inter-annual variability and its possible random
nature present special difficulties which can best be illustrated by a gambling analogy.
A random process will generate a time series quite like that found in meteorology.
For example, if you let the numbers on a die represent total annual rainfall in the
range from one (very dry) to six (very wet), when you roll the die a large number
of times you will almost certainly have successions of years of relatively 'wet' or
'dry' conditions. So even though there is definite evidence that the atmosphere's
carbon dioxide content is increasing, I maintain there is still no consequence detectable in temperature and precipitation records. However, the impact of a climatic
change would be so far-reaching that the panel agreed on the need to get down to
monitoring climatic variations very carefully, in addition to inputs from outside
the atmosphere which could influence the climate system. The panel also attached
great importance to the study of inter-annual variability and its impacts, particularly on world agriculture and food production. The Executive Committee responded
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immediately, and, as you know, the World Climate Conference was held in February
1979 and the WCP was launched by Eighth Congress the same year.

H. T. - You served as a member of the WMO Executive Committee from 1963 to
1978 and you were elected First Vice-President by Fifth Congress Congress in
1967, a position you held for two terms, that is, up to 1975. What people or things
stand out in your memory concerning your association with the Organization?

W. J. G. - Perhaps more than anything I was struck by the will of meteorologists
the world over to co-operate for the common good. Of course, this is not entirely
surprising because international collaboration is a sine qua non for real-time weather
forecasting, but certainly that spirit of mutual helpfulness made all the numerous
meetings I attended a pleasant experience. As for individuals, probably nobody
has done more to bridge the gap between operational meteorologists and atmospheric scientists - not always an easy job - than Bob White. His persuasive powers,
vis-d-vis both own Government and his colleagues in Congress and the Executive
Committee, were highly effective. Going back to my early days on the Committee,

Melbourne, 1975- During
a meeting on co-operation
in respect of the forthcoming
Japanese Geostationary
Meteorological Satellite,
Dr Gibbs demonstates the
theory of boomerang-throwing
to his guests, Mr A. Takano
and Mr E. Terauchi

there was Dr White's predecessor, Dr F. W. Reichelderfer, who seemed so much larger
than life; there was Sir Graham Sutton, to whom the Committee turned for his wise
advice whenever there was an impasse in the discussions; there was Academician
Fedorov, in fact there was a host of other sagacious and well-informed people. I have
many happy memories of WMO Bureau meetings, perhaps none more so than those
which took place in the Soviet Union. I remember that on another occasion of a visit
to the USSR, Professor Budyko asked me whether I would prefer to see his automatic
weather stations or admire the historic and architectural sights of Leningrad. I chose
the latter, so he donned the black beret he had worn as a student during the Spanish
Civil War and took me on the most wonderful tour of that beautiful city built by the
remarkable Russian, Peter the Great. Of course, when talking of memories ofWMO, I
must pay tribute to Arthur Davies, who, as Secretary-General for a quarter of a
century, impressed me greatly for the continuity and stability he gave to WMO
affairs, his first-rate documentation and procedural advice, and the example he set to
the rest of the Secretariat in regarding himself as the servant of each permanent
representative, even the most humble.
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H. T. - And how do you see WMO as an organization?

W. J. G. - The world has changed a lot since 1947, and changes in WMO have
reflected this. In IMO, procedures were rather formal and the senior figures somewhat authoritarian. The end of colonialism meant that there were more and more
national representatives, which is as it should be. WMO has always had to work on a
shoestring budget, and this, together with a very effective structure where the
Secretary-General is responsible to a governing body, has resulted in an extremely
efficient organization. The World Weather Watch and the World Climate Programme
are a triumph for WMO which begot them, and GARP and the World Climate Research
Programme reflect no less credit for being run jointly with ICSU. Having seen the
last years of the IMO and the first 30 years of WMO, I am optimistic regarding
future international collaboration in meteorology. The World Weather Watch and the
World Climate Programme, with the underpinning of a research programme akin to
GARP, hold promise for the future.
H. T. - What have been your chief activities since retiring from the Bureau of Meteorology in 1978?

W. J. G. - At the start of this seventh stage in my life I was involved in the World
Climate Conference which, as you know, took place early in 1979. In 1980 and 1981
I had the good fortune to be invited to spend some time in the World Climate Programme Office of the WMO Secretariat to work on developing details of the implementation plan for the WCP. It was a most satisfying interlude in my association
with WMO. During this period I became intensely interested in the work of the
'Club of Rome' and in a study called 'Global 2000' undertaken in the USA. I believe
firmly that this sort of forward thinking is highly relevant and urgent. Actually
I am now in the process of persuading the Australian Academy of Technological
Sciences to solicit the help of other learned societies in jointly fostering a project
on national drought strategy. So the transition into my seventh stage has been
gradual. I am still physically active; I play golf, walk in the bush and enjoy gardening and bird-watching. But I shall never escape from my fascination with the atmosphere and its ways.
H. T. - So to my final question. What is your advice to a young person who would
like to take up meteorology as a career?

W. J. G. - I believe meteorologists have always been scientists, even if in the past
the self-styled 'atmospheric scientists' tended to look down on the 'synopticians'.
The distinction has virtually disappeared nowadays because it is generally recognized that, to do the job properly, any person working in meteorology needs to have
a sound basic knowledge of mathematics and physics. The operational meteorologist
requires something that purely academic training cannot give, namely the ability
to make judgements quickly, an attribute more often looked for in an engineer.
What is essential is that the person has an absorbing interest in the atmosphere, be
committed to understanding how it works, and dedicated to applying that knowledge
to the benefit of mankind. Without the capacity to grasp the mathematics and
physics involved, I fear he or she would be wasting their time. But again, someone
with a thorough understanding of mathematics and physics may not necessarily
make a good meteorologist. One other thing to reflect on is that there are three
important branches in the profession today: research, which involves search for the
solution of problems which present a challenge to the most brilliant of intellects;
training, which must be of the highest quality to ensure the status of the profession;
and meteorological practice, either making forecasts or providing advice, which
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may be of a climatological nature. Whichever he or she chooses, I should be very
surprised if any young person with ability and dedication does not find it a very
satisfying career.

H. T. - Dr Gibbs, thank you very much. It was good to meet you again, and I hope
you will continue to enjoy your active retirement for many long years to come.
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Professor K.H. Hinkelmann

Offenbach is located on the River Main a short distance upstream from
Frankfurt and near the centre of the Federal Republic of Germany. Its name was
first mentioned in a document dated AD 977, although in those days the neighbouring community of Biirgel was more important, being where the Frankish Kaiser
Heinrich If held the imperial parliament in 1018. For more than three centuries
the village belonged to the hereditary Counts of Jsenburg, but the Congress of
Vienna stripped the last reigning prince of his title to the lands for having supported
Napoleon, and thus it was that in 1816 Offenbach became part of the Grand Duchy
of Hesse. The nineteenth century saw the start of the town's rise to fame as it developed into an industrial centre, becoming known the world over for its leather
goods. In 1956, the Council of Europe awarded the first Europa Prize to Offenbach
and its sister-town of Puteaux-sur-Seine (France).

Professor K. H. Hinkelmann
(Photo: I. Friedrich, Mainz)

The headquarters of the Deutscher Wetterdienst has been located at Offenbach
since 1957. There are hand-written accounts of exceptional weather events dating
back to the sixth century, and with the introduction of the printing press, weather
records came to be included in calendars and ephemerides. The first regular weather
journals were kept in the sixteenth and seventeenth centuries, and a synoptic approach
was introduced by Landgrave Hermann of Hesse; indeed, in 1635 he published
weather observations made in the provinces of Hesse and Pomerania on a daily
basis~ In 1679, Professor Reyher of Kiel began systematic observations uslng the
newly-invented instruments to measure the atmospheric pressure and temperature,
and continued this work for 35 years. Incidentally, he is said to be the author of the
first handbook on meteorological instruments which appeared in 1668:
The Meteorological Society of Mannheim was established in 1780 on the
initiative of Elector Karl Theodor of the Palatinate, and the story is continued in
earlier articles (WMO Bulletin 27 (3) pp. 179-182; 29 (4) pp. 235-238; 30 (2)
pp. 104-106}.

257

On 10 June 1985, Dr H. Taba visited the small town of Obertshausen, a few
kilometres ESE of Offenbach, in order to interview Professor Karl Heinz Hinkelmann,
a truly outstanding scientist in the field of numerical weather prediction. As a student
at university, he already realized that there was a need to introduce more objective
and mathematical methods into weather forecasting, and so he and his fellow-student,
E. Lingelbach, determined to orient their studies in that direction. They took their
inspiration from the ideas of L. F. Richardson and Vi/helm Bjerknes.
However, the Second World War was in progress, and scientists had to work
largely in ignorance of research results in other countries. The major limiting factor
in putting theory to practical test was the capability of performing the complex
calculations that Hinkelmann 's methods involved. Whereas scientists in the USA,
USSR, United Kingdom and Scandinavia were working more or less exclusively
with barotropic models and using geostrophic approximations and a divergence
equation to filter undesirable effects from the computations, Hinkelmann was
convinced that the best approach lay through the primitive equations. He met
C-G. Rossby and, like many another young meteorologist, fell under the spell of
this outstanding man. For his part, Rossby saw in Hinkelmann an upcoming scientist
of great promise and many original ideas.
At last, in the late 1950s things began to improve, and Hinkelmann's group
was able to gain access to some of the early electronic computers. Ht'nkelmann
brought numerical weather prediction in the Deutscher Wetterdienst from theoretical research, through experimentation, up to a highly satisfactory routine operation. That achieved, he felt he could relinquish his post in the Meteorological Service
and devote his efforts to university work. He therefore accepted a professorship in
theoretical meteorology at the University of Mainz in 1968.
Dr W. Edelmann was a long-time disciple and colleague ofProfessor Hinkelmann
in the Deutscher Wetterdienst. Here are some recollections as conveyed to Dr Taba
by Dr Edelmann:
'With Hinkelmann, research in the Federal Republic of Germany took a new
direction. In the USA an early programmable computer had permitted the
first predictions based on a filtered barotropic model, but even while that
was going on, Hinkelmann saw that a good forecast using numerical methods
must take into account a three-dimensional baroclinic atmosphere. That was
the problem be tackled from the very beginning, and it demanded great faith
and not a little optimism in view of the astronomical demands that this
concept would make on computer facilities.
Whilst !was studying at the Free University in Berlin in the early 1950s, thanks to
the recommendation of Professor Scherhag I was able to join Hinkelmann 's
small research group at Bad Kissingen for the winter semester 1952/53. I
remember my first impressions: the narrow room under the sloping roof, the
dense clouds of cigarette smoke and overflowing ashtray, a blackboard completely covered with hieroglyphs and chalk-dust everywhere, and the unmistakable voice of Hinkelmann retaining some of its Saxon overtones. In 1954 I
came to join the group full time, and worked alongside Hollmann, Reiser (now
President of the Deutscher Wetterdienst) and Wippermann.
For the historical record, I think it is worth recalling how the first trial threedimensional 24-hour forecast field was made. The initial analyses - geopotentials at three levels '- had been prepared manually by the synoptic division.
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Then the vorticity and even the Jacobians of the quasi-geostropic model
had to be evaluated by graphical addition and subtraction and more elaborate
methods, producing a whole lot of maps; that took sevenil days and was not
very precise. Then a square grid was placed over the Jacobian maps and
values interpolated for each grid point. The grid for the three levels was then
enlarged and reproduced on a huge piece of white paper. Our young lady
assistants transferred the Jacobians to this grid in very small writing, because
much space was needed for our main work, namely the solution of a threedimensional elliptic equation for tendency by relaxation and many many iterations.
One girl read out the figures to the other who sat at a noisy and slow mechanical
calculator. So it went on through each grid point and each iteration. After a
couple of hours, the girls would change places; after a couple of days they
had done an iteration for the whole field, and after several weeks we had figures
we assumed to be the solution to the elliptic equation. The tendency was
converted back to a map and graphically added to the initial field, giving us
a forecast for 12 hours. Then the entire operation had to be repeated to give a
24-hour prediction. The result did not look totally unreasonable. We never
dreamt that ,less than 30 years later all this computation would be performed
much better in a matter of minutes.
Hinkelmann is not only an excellent scientist, he is also a first-rate teacher
and a splendid organizer. We were so captivated by our scientific problems that it
seemed perfectly natural that we discuss them in all sorts of places.
Hinkelmann 's formulas were very likely to be found scribbled on table covers
in restaurants or in blank spaces on the page of a newpaper. Not surprisingly,
he frequently left personal items like cigarettes or umbrellas in ca[es or
tramcars. He has that most valuable talent of being able to reduce a problem to
its essential elements, so that the solution (or source of error) becomes
manifest. Finally, Hinkelmann has a great sense of humour; apart from his
rich collection of jokes, he can also say outrageous things with a perfectly
straight face, leaving his audience in a state of doubt or even shock, before
relaxing the tension with a broad grin. '

H.. T. - Professor Hinkelmann, please will you tell readers first about your background and education.

K. H. - I was born in 1915 in a small village called Geringswalde. It is now within
the German Democratic Republic about 45 km south-east of Leipzig. It was famous
for chair-making, and my father had his own factory. I went to primary school
in Geringswalde and secondary school in nearby, Rochlitz where I found my special
interest was in mathematics, physics and chemistry. When I left school at the age
of 19 it was very hard to find a job; there were lots of unemployed people then.
So there seemed to be nothing to do except join the army, and it was quite dreadful.
I was a private soldier from 1934 to 1936 and then at last I was made a corporal.
From 193 7 to 1941 I was attached to the administration. Then in 1941 I was able to
go to technical college in Dresden for four semesters where I mainly studied mathematics and theoretical and experimental physics. After that I went to the University
of Leipzig and joined the Meteorological Institute which was still under the direction
of Professor Ludwig Weickmann who, some ten years earlier, had been working
with the Scandinavians Tor Bergeron, Jack Bjerknes and Erik Palmen on the then
new concept of three-dimensional analysis.
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H. T. - What method of forecasting was favoured at that time?
K. H. - It was really an extrapolation of the analysed fields based on what observations we had, using linear manual operations for the purpose. Now I and some of the
other students, who included Ernst Lingelbach, felt convinced that we should apply
theoretical physics to this problem as was already done in astronomy and astrophysics. Obviously this would be far more complicated because we should have to
deal with non-linear differential equations. At any rate I suggested to Professor
Weickrnann that some of the lecture time devoted to meteorology should be given to
theoretical physics; I was a good student and Weickmann had taken to me, so I did
not feel that was too presumptuous.

H. T. - This was a completely new approach, was it?
K. H. - You must remember that the Second World War was going on and that
meteorologists in Germany had no way of knowing what was being done in other
countries, but certainly as far as we in Germany were concerned it was a new
concept. Vilhelm Bjerknes had introduced the use of linear equations at Leipzig
when he was director of the meteorology and geophysics department, and this had
been carried on ever since. But with this method you miss crucial processes such as
cyclogenesis, frontogenesis and occlusion because no account is taken of interaction between the various wave motions. Perhaps we owed our inspiration to
Charles Babbage and L. F. Richardson. Richardson had the right idea, and if he had
not run into numerical instability he would have had much more encouragement and
acknowledgment. Of course, we had only the vaguest notions about the feasibility
of computers, so that our constraint was the same as Richardson's, namely doing
all the complex calculations in a reasonably short time. A few years after the war
we were in contact with the mathematician Professor A. Walther, who had known
John Aitken, and with the engineer K. Zuse who built the first programmable
computer. Both of them advised us to acquaint ourselves with the use of high-speed
computers and helped us to do so.

H. T. - Were you in the military service up to the end of the war?
K. H. - Yes. I gained a diploma from the University and then was sent to a few
operational meteorological centres to gain experience. But by now it was 1944 or
1945, and things had become terribly difficult in Germany; there was no fuel left
for the aircraft and meteorologists were of little military value. By this time I found
myself drafted to a parachute unit, but the advance of the Allied Forces was so
rapid that I never had to jump.

H. T. - Could you get a job in meteorology when the war was over?
K. H. - To start with I worked in a small shop as electrician, repairing radios and
wiring apartments. I maintained a climatological station in my garden, and had my
first scientific paper published: it was on how to measure the density of the air
from a falling object. This topic had become rather important because of the interest
in rockets.

H. T. - When did you become a full-time meteorologist?
K. H. - That was in 1949. Professor Weickmann had been appointeg director of
the weather service run by Germans in the American-occupied zone at Bad Kissingen,
and he asked me to join the research department there under Professor Hermann
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Flohn. You may remember from your interview with Professor Flohn* that immediately after the war there were separate services in the American-, British- and
French-occupied zones; it was only in 1952 that the Deutscher Wetterdienst - the
national Meteorological Service of the Federal Republic of Germany -was created.
H. T. - You would be able to get hold of research papers from all over the world

now that the war was over. Which works impressed you most?

K. H. - I was extremely interested to read of the work being done in the USA,
largely under the leadership of Jule Charney. I was most impressed that, in his papers
on the scale of atmospheric motions and numerical prediction oflarge-scale motions,
Charney pointed to the reasons for baroclinic instability. With him in the forefront
at that time were Arnt Eliassen and R. Fj ~rtoft from Norway and Norman Phillips,
greatly helped by John von Neumann and Carl-Gustav Rossby. I was also able to
read about the first numerical integrations of the barotropic vorticity equation.

Members of Professor
Hinkelmann's NWP research
group at Bad Kissingen in
1953 engaged in preparing
a trial.24-hour forecast based
on a baroclinic model which
involved a laborious iterative
relaxation procedure without
the aid of a computer.
Dr H. Reiser, now Permanent
Representative of the Federal
Republic of Germany with
WMO, is in the centre

You know, there was a highly-gifted countryman of mine- Horst Philipps- who
had formulated an equation for the ageostrophic wind component, and I found that,
by applying the divergence factor to this wind, it gave the vorticity equation as
stated by Charney and his colleagues. So I was very pleased that physics was now
really being brought into meteorology. My main interest at this time was the problem
of 'noise'; that is, the effect of short-period oscillations obscuring a longer-term
tendency. I had a paper on this published in about 1951.
H. T. - In this paper you show that a trend in meteorological elements can be

computed with sufficient accuracy by a numerical integration of the primitive
equations.

K. H. - To integrate all the wave-values, including 'noise' which travels at about
the speed of sound, would require time steps of a few seconds which would be quite
impractical, even with the super-efficient computers of today. So we had to suppress
at least the vertically-propagating noise signals by replacing prognostic equations
by the hydrostatic and implicit Richardson equations. I still consider the elimination
or dampening of noise to be the crucial problem in numerical weather analysis and
prediction. Later on I found there exists an ordered hierarchy of diagnostic equations
which, if applied to initial data, can guarantee that noise amplitudes are reduced in

* WMO

Bulletin 32 (3) pp. 185-197
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unfiltered systems. In filtered systems, they can replace prognostic equations and
by going to increasingly higher orders they ensure that the synoptically important
Rossby waves are conserved.

H. T. - Were your views shared by your colleagues in the Weather Service?
K. H. - I regarded myself at the time I joined the Deutscher Wetterdienst as being
in the rising younger generation of meteorologists. The pre-war generation was
mostly immersed in what I might call phenomenology, and they regarded our
numerical approach with great suspicion. However, there were two notable
exceptions, namely Professor Weickmann and Professor Flohn who both encouraged
me wholeheartedly. In 1951 there was a symposium arranged at Bad Kissingen by the
Meteorological Society of the Federal Republic of Germany, and one of the main
speakers was Professor Rossby. I presented a paper on our work on simple barotropic
and baroclinic equations. On Weickmann's recommendation, Professor Rossby
invited me to go to his Meteorological Institute in the University of Stockholm for a
few months, and, needless to say, I was very happy to accept. You will appreciate
that there was very little money to support research in the Federal Republic of
Germany in those days.

H. T. - I seem to remember that in Stockholm you were in favour of baroclinic
equations, whilst Rossby was more for barotropic equations. How did he react to
your ideas?
K. H. - My impression was that Rossby was coming to the conclusion that he had
exhausted all the possibilities of barotropic models, but he was right in insisting
that before going on to baroclinic models we must have thoroughly mastered the use
of barotropic equations. You see, we in Europe had not yet had experience in using
computers because there were so few of them. In fact there was only one at Princeton
where they had built the ENIAC under von Neumann's supervision. Over there they
were also thinking seriously about baroclinic models at this time; I had very valuable
discussions with Arnt Eliassen and I read papers by Charney and by Eady on how to
operate a baroclinic model. But at the 500-hPa level the barotropic model produced
pretty good results, and it was to be a very long time before we developed a baroclinic model which could do as well, let alone better.

H. T. - What was your work when you got back to the Federal Republic of Germany?
K. H. - Professor Weickmann succeeded in obtaining a contract with the Geophysics
Research Directorate of the U.S. Air Force* which gave us the means to set up a
small numerical weather prediction unit within the research department and the
welcome opportunity of working in close co-operation with Phil Thompson and his
staff. Amongst others in my group there was W. Edelmann, Giinther Hollmann,
Heinz Reiser and Friedrich Wippermann. Our work was basically analytical research,
with a baroclinic model as the main objective, integration having to be done by
manual operations. The group took courses in programming and software manipulation, and in fact we had access to a small primitive Remington machine using
mercury tubes for internal memory. We had to think about what would be the
best relaxation method and eventually chose eigenvalues for block relaxation. We
realized that the Remington calculator was hopeless for our purpose, and therefore
used some of our GRD funds to buy time on an IBM 704 computer installed in

* WMO Bulletin
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Paris - it cost one Deutschmark per second - and did our first baroclinic computations with it. But that was far too expensive for our limited means, so we managed
to get access to a computer of the General Electric Company at Lynn, near Boston
in the USA. A bit later, George Cressman arranged for us to use the computer at the
National Bureau of Standards in Washington, D. C.

H. T. - All this work you were doing was research, not actual forecasting?
K. H. - It was research, in which we used actual data and integrated our baroclinic
model in short time steps to predict over periods of up to a few days, but the forecasts were not in real time. I knew that we must have our own computer in the
Federal Republic of Germany if we were to advance reasonably quickly, but I had
a lot of difficulty in convincing our authorities that we should spend so much on
what they regarded as the newfangled unproven concept of NWP.

Professor Hinkelmann,
accompanied by Dr Edelmann
(second from left) and Dr
Reiser (right), visited the USA
in 1958 to study progress
in the development of electronic computers
(Photo: IBM, Poughkeepsie)

H. T. - During this period I believe you went a stage further and introduced the
primitive equations in place of quasi-geostrophic approximations?
K. H. - That is true. I felt. the time had come to attempt numerical integration
using the primitive equations for several reasons. For one thing, I was certain from
my studies that noise amplitudes could be kept reasonably small by appropriate data
initialization. Then the primitive equations promised to simulate atmospheric
dynamics and energetics more realistically, and, moreover, they should also work in
the tropics where the geostrophic approximation is invalid. Finally, the extra
computer time required because of time steps in minutes rather than hours would, to
some extent, be offset by much simpler solution operations and avoiding timeconsuming relaxations and iterations. On my first attempt, using idealized initial
data, I got a most encouraging result which reproduced new developments,
occlusions, and even the kinks of isobars along a front.*

H. T. - Was any work along these lines going on in the USA at this time?
K. H. - I remember that soon after we had done that first run with the primitive
equations I went to see Professor Smagorinsky in Washington, D. C. After seeing our

* This work was reported in The Atmosphere and the Sea in Motion - The Rossby
Memorial Volume, edited by B. Bolin (Rockcfcllcr Institute Press, New York (1959): pp. 486-500
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results, he said that we had done a fine job, but added that his group had also had
good results with primitive equations and intended to use them exclusively from
that time on. So in fact our independent research efforts had both led to the same
conclusion. I consider that the change from quasi-geostrophic models to primitive
equations was a very important step in simulating atmospheric processes.

H. T. - You had done all that work without having your own computer which
makes the achievement even more meritorious. When was it that the Deutscher
Wetterdienst eventually acquired one?

K. H. - The then President of the Deutscher Wetterdienst, Dr Georg Bell, hesitated
a long time about this, but thanks largely to the support of Dr E. Siissenberger
(then in the Ministry of Transport) and his assistant Ernst Lingelbach, we purchased
and installed a CDC 3400/3800 computer unit in 1965/66. We started using barotropic models and then went on to baroclinic models with several levels, but we
always used primitive equations. I saw the transition of NWP through from a research
to an operational activity in the Service. Then we went on to develop a computerized symbol-, chart- and TEMP-plotting facility, as well as objective isolinedrawing techniques from the plotted data. Here again, once it had been proved fit
for operational use, this activity passed to the synoptic division.

On a visit to Cairo in 1968,
Professor Hinkelmann met
Mr M. H. Gidamy, director of
the Meteorological institute
for Research and Training
(Photo: Al-AhramjF. Karam)

H. T. - I understand that when Professor Flohn went to take up his appointment
at the University of Bonn in 1961, you succeeded him as chief of the research
department. How long did you stay in that post?

K. H. - Until I left the national Weather Service to go to the University of Mainz
in 1968. My decision to take up academic life was based on several reasons. I felt
that numerical weather prediction was now working satisfactorily in the Deutscher
Wetterdienst, and that further progress would depend upon looking closely into the
physics - work that could better be done in a university environment. Another
reason was that I enjoy lecturing, and I think I am quite good at it. Moreover, the
upper age limit for a professor to join a university was 55, and I was already 53.

H. T. - Was there already a meteorological department at the University of Mainz?
K. H. - There was a geophysics department, but the authorities realized that more
theoretical physics needed to be injected into the meteorology because of the new
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interest in numerical modelling. That was why they offered me a chair of theoretical meteorology. I gave lectures and I also did research work. Atmospheric physics
was my main subject, and for that I tried to separate different sub-disciplines such
as convection, cloud physics, turbulence, the general circulation and thermodynamics. On average I had between ten and twelve students in each lecture, and I
saw to it that during their first four semesters they concentrated on mathematics
and physics, because only that way were they able to understand theoretical meteorology. I was very satisfied at the progress they made. My primary interest was the
thermodynamics of irreversible processes and extending the linear Onsager theory
to turbulent systems so that parameterized turbulent fluxes might be included in
models.
H. T. - Looking back over your career, which European meteorologists have left
the greatest impression on you?

K. H. - One of them would have to be Rossby because he was so full of ideas and
gave to physical meteorology such a revolutionary impetus. Another is J acques
van Mieghem because of his comprehensive, meticulously exact and logical analysis
of all problems in theoretical meteorology.
H. T. - How do you see numerical weather prediction developing in the future?
K. H. - I feel that national Meteorological Services should concentrate their efforts
more on their zones of responsibility and leave the larger-scale circulation to centres
like the ECMWF and WMCs. They can do this by nesting their zones with higher
resolution within the global-scale products they receive, and then zoom down to
mesoscale or even small-scale non-hydrostatic noise-filtered models. Here they
should take in more and more physics; fields such as radiation, convection, turbulence, the boundary layer and atmospheric chemistry. Being of an irreversible nature,
these are difficult to reproduce in larger-scale models. Of course, these smallerscale models will require the storage and incorporation of various terrestrial parameters (for example topography, albedo, surface roughness or conductivity) in order
to compute surface/air mass, energy and momentum exchanges. However, that
would enable the Services to make detailed and realistic analyses and forecasts over
limited areas, and to predict the evolution of an eventual hazardous emission
(pollution or radioactivity, for instance) under any meteorological conditions.
Universities should devote their efforts to formulating the physics of atmospheric
processes in terms of adequate but simplified equations which could be handled
by the operational models of Meteorological Services. Much progress in this domain
has been made by our departments. Then again, interest is now shifting to climate
modelling. As I expect you know, in my country, Professor Klaus Hasselmann at
the Max Planck Institute in Hamburg is active in this field. Even on this scale we still
depend on physics as the main tool.

H. T. - How do you pass your time these days, Professor Hinkelmann?

K. H. - I have little contact with meteorology following my serious illness in 1980.
At my age one learns more slowly and forgets much more rapidly. I work in the
garden and do the shopping, and I enjoy reading a good book. I still read some
scientific works; I recently turned to Einstein's theory of relativity, and learnt
that the metric form plays the fundamental role there as well as in atmospheric
physics.
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H. T. - What would be your advice to a young person contemplating meteorology
as a career?

K. H. - I should first warn him or her that there are more candidates than vacant
posts in meteorology. If this person is convinced that he or she wants to be a meteorologist, my advice would be to study mathematics and physics very very thoroughly.
This would not be wasted even if there were no meteorologist posts available at the
end of the course. Such a background will be immensely helpful in other fields
of natural sciences. However, if this person enters the profession of meteorology,
he or she should choose a domain in which to specialize, and try to become a real
expert in it.

H. T. - Professor Hinkelmann, it has been very pleasant meeting you again, and this
interview has been most instructive. Thank you very much for having given it,
and I wish you many more years of congenial retirement.
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Or Joanne Simpson

On 17 December 1903, near Kitty Hawk in North Carolina (USA), Orville
Wnght made the first powered flight in a machine he had built with his brother
Wilbur. The 12 hp motor took him off the ground for twelve seconds during which
he covered almost 40 metres. From that modest beginning, progress in aeronautics
was rapid; less than six years later Louis Bleriot flew across the English Channel.
In 1914 the first scheduled air service was inaugurated in America, and the following year saw the creation of the National Advisory Committee for Aeronautics
(NACA). With the continued development of flying machines, manned vehicles
penetrated the stratosphere and beyond, and in 1958 NACA was superseded by the
now well-known National Aeronautics and Space Administration (NASA).

Dr J. Simpson

Although there have been many
structural changes in NASA since its
inception, its overall purpose is still
aerospace research and development for
the benefit of all. Located some 16 km
north-east of Washington, D. C. and
adjacent to the Baltimore to Washington
Parkway, there is a modern complex of
29 buildings in 1100 acres (445 ha) of
rolling Maryland countryside. This is the
Goddard Space Flight Center, named
after the USA 's rocket pioneer. Its
fundamental mission is the expansion
of knowledge about the Earth, its
environment, the solar system and the
universe, this being pursued through
research and the application of modern
technology in developing instruments,
sensors and information systems, through
planning and executing space flight
projects for scientific research, and
through tracking manned and unmanned
Earth-orbiting satellites using a worldwide telecommunication system.

The NASA infrastructure includes a Mesoscale Atmospheric Processes Research
Programme comprising four main elements: Special observations and the analysis
of mesoscale systems; the development of quantitative algorithms for using remotesensed observations; the development of new observing systems; numerical modelling.
The Severe Storms Branch of the Goddard Laboratory for Atmospheres is an important unit for discharging the programme; in it special talents are brought to bear
upon, inter alia, storm-scale cloud-top studies, techniques for estimating precipitation from satellite data, soil moisture estimation, three-dimensional modelling
(ranging from mesoscale down to the scale of single storms), advanced infra-red
and microwave storm observations from high-flying aircraft, and the interpretation

267

and validation of data from space. Fifteen scientists (eleven with Ph.D. degrees)
work in the Severe Storms Branch, together with one meteorological technician,
two resident research associates, a number of summer faculty visitors, plus in-house
support personnel under contract, computer operators and so forth. The head
of the Branch is Dr Joanne Simpson.
Dr Simpson was born Joanne Gerould in 1923. She obtained a BS in 1943,
an MS in 1945 and a Ph.D. in 1949, all from the University of Chicago where she
was a student of the legendary Professor Carl-Gustav Rossby, as well as other luminaries such as Professor Herbert Riehl. She gave courses in physics and meteorology
at the Illinois Institute of Technology from 1945 to 1951, and then went to the
Woods Hole Oceanographic Institution where, with the help of a grant from the
Office of Naval Research, she studied cumulus clouds, especially those over the
Caribbean, and made an investigation of clouds forming over Nantucket Island.
Thanks to the award of a Guggenheim Fellowship in 1954, Dr Simpson was able
to visit Imperial College (London) to work with the British team of Ludlam, Mason
and Scorer, also engaged in studies of cloud physics and dynamics, as well as
Professor Rossby's International Meteorological Institute in Stockholm which is
where our roving interviewer, Dr H. Taba, first made her acquaintance.
After ten years at Woods Hole, she accepted a professorship in meteorology
at the University of California at Los Angeles, but in 1965 came back east to join
the Weather Bureau in Washington, D. C. Two years later, she and her husband,
also a senior member of the Weather Bureau staff, moved to Florida where Joanne
became director of the Experimental Meteorology Laboratory at Coral Gables, at
the same time serving as adjunct professor of atmospheric sciences at the University
of Miami. In 19 74, Dr Simpson moved north to Charlottesville where she was appointed professor of environmental sciences at the University of Virginia. From there
she moved to her present post in 1979.
Her accomplishments soon won for Joanne Simpson election to the honorary
societies Phi Beta Kappa and Sigma Xi, and in 1968 she was made a Fellow of the
American Meteorological Society, after having gained the Society's Meisinger Award
in 1962. The Los Angeles Times named her 1963's Woman a/the Year. She won the
U.S. Department of Commerce Silver Medal in 1967 and Gold Medal in 1972,
and three years later the University of Chicago Alumni Association bestowed on her
its Professional Achievement Award. In I 982 she won the NASA Exceptional Scientific Achievement Medal and also the coveted Carl-Gustav Rossby Research Medal
oftheAMS.
Behind this impressive list of Dr Simpson 's honours, which is far from complete, lies much more than a remarkably brilliant scientific intellect. Forty years
ago, for a woman to aspire to penetrate the esoteric higher echelons of the meteorological profession was regarded by many as tantamount to sedition, and obstacles
to her advancement were legion. She clearly implies that for a female to have a
professional life as well as a family to raise called for great resilience and purposefulness in the face of contemporary prejudices, and many women were simply
put off from entering the contest. Even today the odds are often loaded against
the female scientist, but nonetheless, when Dr Simpson accepted the Rossby
Research Medal, she was able to observe that:
' . . . The facts show that the place of women in meteorology is not even a
burning issue any more. Women have demonstrated their success as distinguished contributors of seminal research to the journals and as effective sus268

tained performers in responsible jobs. . . . Women meteorologists can now
stand on their own, without defensiveness, and soon, I hope, without the
prefix "woman" before meteorologist.'
Dr Taba says that when he met Joanne Simpson for the interview on 23 July
1985, it was immediately apparent that her rise to scientific eminence had in no
way denaturalized the friendly, helpful and modest disposition he had found when
she was a visiting scientist in Stockholm in 1955. She continues to lead a very full
life, in fact she had just returned from a trekking holiday with her husband,
Dr Robert H. Simpson, in the Himalayas. She vibrates with energy and enthusiasm,
especially when it comes to pushing back the frontiers of our knowledge in meteorology, and fortunately has no intention of retiring from the professional life she
loves for a long time to come.
We are most grateful to Dr Simpson for this interview, and wish her continued
health and strength to pursue her chosen path of pioneer, research exponent, mentor,
wife, mother and grandmother for many more years.
H. T. - Or Simpson, there are so few ladies who have achieved prominence in meteorology that I am particularly interested to learn what it was that led you to choose
the profession. But perhaps you would start by saying a few words about your
parents and childhood.

S. - Let me say first how honoured I feel to be included among your fine series
of interviews. Well, I was born near Boston (Massachusetts) on 23 March 1923*,
and my parents, Russell and Virginia Gerould, were both journalists. My mother
was an early campaigner for women's rights and the birth control movement; in
those days for a wife and mother to have a profession was just about unheard of, and
her life was fraught with frustrations, but she showed me it could be done. My
father had a wide range of interests, but what appealed to him most were outdoor
pursuits, so that I had an early initiation into sports such as tennis, skiing, sailing
and hiking. He was also very keen on aircraft, and as aviation correspondent for his
newspaper he often went to airfields and had rides in the various early types of
aeroplane. Sometimes he took me along with him; I remember going up in a Curtiss
Robin and a Ford trimotor when I was about six years old. My parents sent me to a
very good girls' school - Buckingham School - in Cambridge (Massachusetts) from
kindergarten until I was ready to go to university; the classes were small, and the
teachers were excellent, stimulating our interest in lots of subjects. My graduation
from that school in June 1940 was overshadowed by the outbreak of the Second
World War in Europe.

J.

H. T. - You went then to the University of Chicago. What made you choose that
instead of one of the east coast colleges?

J. S. - It was having read about Robert Hutchins who became president of the
University at the early age of 30. His philosophy was that education should aim at
preparing people to lead a full life as well as to earn a living, and that classroom
lectures should be made lively and interesting so that students would attend them
because they wanted to rather than because they had to. All students were required
* On this day 27 years later the WMO Convention came into effect, and it has been
celebrated ever since as World Meteorological Day. (Ed.)
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to take introductory courses in the physical, biological and social sciences as well
as in the humanities, and there were the very best professors there to give these
courses, including several Nobel Prizewinners. In physics we had Enrico Fermi and
several other distinguished scientists, and they made the lectures really exciting
events.

H. T. - Had you developed an interest in meteorology before Carl-Gustav Rossby
came to Chicago in 1941?

J. S. - My contact with meteorology was through aviation and dated back to my
last years at school. You will not be surprised that I had a strong interest in aeronautics, and during the summer vacations I acted as assistant to the director of
aviation of the state of Massachusetts. His name was Cracker Snow, a really remarkable man. I venerated him most for placing such confidence in me, a teenage girl,
to do a good job on my own, and of course that had the effect of making me determined to be worthy of this trust. He was an excellent pilot, and started teaching me
to fly. When he went off to perform some splendid war service and I went to
Chicago, I wanted to continue flying lessons and obtain a private pilot's licence.
That meant that I had to do a bit of meteorology, and I found it so interesting
that I asked the instructor whether there were any further courses I could follow.
The instructor happened to be a graduate student in the University's department of
meteorology which had just been started with Professor Rossby as head; his advice
to me was to go and see Rossby. So I did that a few days later, and, like many
other young people, I found myself entrained into his orbit within ten minutes,
and signing on for his A-course in meteorology which was mainly for military aviation cadets and a few naval officers. The idea was that I should graduate from the
course and then train young air force personnel who were going to be forecasters at
air force bases all over the world. In this way I would complete my university training, which was my parents' chief wish, and usefully help the war effort, which
was my own prime concern. I spent the summer of 1942 doing a crash course in
integral and differential calculus and bringing my physics up to the required level.

H. T. - How many students were following this meteorology course?
J. S. - I think it was something like 180 cadets, 20 naval officers and 15 civilians,
of which seven were women. I am proud to say that all seven of us were at the top
of the class when we graduated, but I am the only one who stayed in meteorology
after the war. The fact was, when the war was over and the men came home and were
demobilized, it was generally expected of women that they go back to being housewives and mothers. When I started the course it was not my intention to make a
lifelong career in meteorology; I really did not know what I wanted to do eventually. But there were such good and stimulating lecturers- Rossby himself, Helmut
Landsberg and Victor Starr to name only three - that I soon developed an allabsorbing interest in the work. I got my Bachelor's degree in May 1943 and then
went to New York University to teach the next two 'war courses' as they were
known. I returned to Chicago the following year, still teaching war courses but
making use of the synoptic meteorology laboratory there.

H. T. - So this brings us to the end of the war. You said that women were no longer
expected to have a profession. Did things become difficult for you?
J. S. - I was by now thoroughly fascinated by meteorology, and I thought I would
like to go back to graduate school and get a Master's degree and perhaps a Ph.D.
Just like my mother, I met with all sorts of opposition. I do not wish to dwell on
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these difficulties; I am a stubborn kind of person, and I think that my perseverence,
and that of other like-minded women at the time, has made things much easier for
young women in s·ucceeding generations. I did go to graduate school, and among
the lecturers was that pioneer in tropical meteorology, Professor Herbert Riehl,
recently arrived from Puerto Rico where he had established, with George Cressman,
a university department of tropical meteorology. Well, at about this time the report
was published of the Wyman-Woodcock expedition* in which they had used an old
Catalina flying boat to study cumulus over the Caribbean, making numerous temperature and humidity measurements both within and outside the clouds. When they
had brought their data back to the Woods Hole Oceanographic Institution, that
great oceanographer, Henry Stommel, saw that the old theory of convection consisting of bubbles of rising air which did not interact with their environment was
incorrect, that outside air was indeed entrained into the clouds. The expedition

Woods Hole, 195 7 - A DC-3 aircraft was
fitted with a special nose boom instrument
to measure motions inside cumulus clouds
and in the turbulent air beneath the cloud

had originated as a naval exercise to study smokescreen tactics, but Alfred
Woodcock, who later became a close colleague of mine, developed a great interest
in the cumulus clouds, observing herring gulls soaring and deducing the air currents
over that particular piece of ocean from the pattern of their flight. All of this work
served as material for a series of brilliant lectures by Professor Riehl, and I still
remember sitting in class one day with Werner Baum, H. L. Kuo, Seymour Hess
and several others who are now well-known meteorologists, and suddenly realizing
that here was a problem I wanted to work on: When I mentioned my choice of
subject to Professor Rossby, he inadvertently revealed a tiny flaw in his otherwise
consummate grasp of meteorology. He said 'That's fine. An excellent problem
for a little girl to work on because it is not very important and few people are
interested in it, so you should be able to stand out if you work hard'. He failed to
foresee that the time would come when hundreds of people would gather enthusiastically to discuss just a small field of cloud physics and cloud dynamics.

H. T. - Could you do your research on cumulus clouds at Chicago?
J. S. - By a fortunate coincidence, my mother knew Professor Bernhard Haurwitz,

and through her I made his acquaintance. He said he had a project going on at

* WOODCOCK,

A. H. and WYMAN, J. Convective motion in air over the sea. Annals of

the New York Academy of Sciences 48 (8) pp. 749-776
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Woods Hole to make further use of the Wyman-Woodcock data, and he invited me
to come to do a summer job there. That was a major turning point in my life. Rossby
left to return to Stockholm, but now I could work with Haurwitz, one of the best
theoreticians in the field, and with Stommel and Woodcock. Woods Hole was a very
informal institution in those days, and I found the atmosphere most congenial.
I had a rather original idea about why cumulus clouds might move at a different
speed and even in a different direction to the winds, and figured out an oversimplified mathematical approach to explain it. To my delight, the paper was published in
a journal, and, when I got back to Chicago, Professor Riehl agreed to be my supervisor for a Ph.D. thesis which would deal largely with the interaction of cumuli and
their environment, but also with relationships between cumuli and tropical waves.
I got my Ph.D. in 1949, but for several more years I went back to Woods Hole
each summer.

H. T. - I believe you made a study of the formation of clouds over Nantucket
Island?

J. S. - I felt I would like to work in a natural laboratory, and the clouds generated
by diurnal heating of flat lands and islands around Woods Hole offered an excellent
opportunity, particularly Nantucket Island, which happens to be where my whaler
ancestors came from. I worked out a theory to explain why there is a big cloud over
the island and smaller streets of cloud downwind. To check this, we put instruments
into a small aircraft and plotted temperature and wind fields. I succeeded in obtaining a grant of US $5000 from the Office of Naval Research, thanks to the support
of Earl Droessler and Max Eaton, and I was able to get the help of a bright young
graduate student, Melvin Stern. He had the idea of transforming the equations so as
to represent the heated island as a mountain of a certain height and shape, and
to treat the air flow accordingly. I shoud have said that before getting my Ph.D., I
had done some teaching at the Illinois Institute of Technology - physics and a
course I called 'Meteorology for engineers' to tailor it to the Institute's principal domain - and later the Institute promoted me to assistant professor, giving
me a little time to devote to research. Nevertheless, when in 1951 I had the chance
of working full time at Woods Hole, it was too good to miss. Luckily this did not
put an end to my work with Professor Riehl at Chicago; in fact I think our most
exciting and fruitful joint research into tropical meteorology, hurricanes and trade
winds was done during the ten years I was at Woods Hole.

H. T. - Please tell readers about your spell as visiting scientist at Imperial College
in London and the International Meteorological Institute in Stockholm.
J. S. - At Imperial College there was a group of young people of my age doing

exciting work on cumulus and thermals, and their results led them back to the
'bubble' theory, namely that cumulus clouds do not interact with their environment.
We had quite a controversy about this in the scientific journals. Thanks to a
Guggenheim Fellowship, I was able to go over there in 1954. Professor P. A. Sheppard
was head of the department of meteorology, and in the group I worked with were
Frank Ludlam, John Mason and Richard Scorer. We had an excellent relationship.
Working from laboratory experiments, theory and observations by glider pilots,
we evolved a model of a cumulus cloud which was essentially the bubble theory
with entrainment into the tops of the thermal or the cumulus. Scorer and I also
wanted to model the formation of the buoyant bubble-like entity, but we would
have to do all the calculations using a slide-rule, which would take months for each
time-step. By a stroke of luck, Rossby happened to pay a visit to Imperial College
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just then and took quite an interest in our work. Seeing our difficulties, he offered
us some free time on his new electronic computer at Stockholm. So in the spring
of 1955 I went over there, and, with the help of two bright young men in the Institute, Klaus Rooth and Georg Witt, got the mOdel on the machine. Rossby could only
let us use the computer at night. Once we had learnt to initiate the thermal leading
to a cumulus at one or two hundred metres above the ground instead of at the
surface, we got pretty good results, even though we lacked the sophistication of
water vapour changing phase. Latterly we could only use the computer from
3 a.m., and the first night we found all our papers had been locked away. I could not
prolong my stay in Stockholm, so the only thing to do was to get a locksmith to
break open the drawers and then mend the lock afterwards. I was afraid Rossby
might be furious at such goings-on, but fortunately he treated it as rather a joke.
Georg Wift and I wrote a detailed description of our experimental work as a contribution to the volume that was to be presented to Rossby for his sixtieth birthday,
but, as you know, to everybody's grief he died in 1957 and it had to be his memorial
volume instead.*

After taking the oath as a
staff member of the U. S.
Weather Bureau in January
1965, Dr Simpson is with
her husband, Dr Robert
Simpson (left), her son Steven
Malkus, and the Chief of the
Weather Bureau, Dr Robert M.
White
(Photo: NOAA)

H. T. - From Stockholm you went back to Imperial College for a short time, and
then returned to Woods Hole. You said you were there for ten years in all, so where
did you go in 1961?
J. S. - I was offered a professorship in meteorology by the University of California

at Los Angeles. That was a tremendous honour because some famous people were
already working there, such as Jakob Bjerknes, Ji:irgen Holmboe and Morris Neiburger.
It was very interesting to work with them, and there were extremely good students
too. I greatly enjoyed my stay in California, but I met Bob White at Woods Hole
soon after he had been appointed chief of the Weather Bureau, and, when he found
out that I had just been working with my model on the effects of silver iodide
seeding on cloud dynamics, he asked me to come to work in the Weather Bureau
where they were starting up a new programme in cloud physics and weather modification. This sounded exciting, and it also fitted in very well on the personal plane
because, my previous marriage having broken up, I wanted to marry Bob Simpson

* The Atmosphere and the Sea in Motion - The Rossby Memorial Volume;

edited by

B. BOLIN. Rockefeller Institute Press, New York (1959)
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who was deputy director of research at the Weather Bureau. So I came back east
and joined the Weather Bureau. (which became the Environmental Science Services
Administration and later NOAA) and Bob and I were married in January 1965.
In 1967 we moved to Florida where f was made director of the Experimental
Meteorological Laboratory at Coral Gables, and also adjunct professor of atmospheric sciences at the University of Miami. Our experimentation was on both
numerical models and on cumulus clouds themselves; my chief interest was in testing
our numerical theory against nature, but some of the younger people were very keen
on seeing whether precipitation could be modified by artificial intervention. I stayed
at Coral Gables until 1974.
H. T. - That was when you went to the University of Virginia at Charlottesville?

J. S. - Yes, I had an endowed chair called the William W. Corcoran Professorship
of Environmental Sciences. But it did not work out as well as I had hoped, and
when Dave Atlas invited me to head his severe storms group at NASA, I readily
accepted. Dave has such broad knowledge and enthusiasm that I would put him in
the same class as Rossby. I found an exciting laboratory with highly competent
and interesting colleagues. Also I found in NASA a community where being a
woman made no difference to the way you were treated. There are lots of other
scientists who are women, and in fact there is another female head of branch in the
Laboratory for Atmospheres - Eugenia Kalnay, who was a student of Jule Charney.

Dr Simpson flying in one of the research
aircraft taking part in the GARP Atlantic
Tropical Experiment in 1974

H. T. - Please tell us about the work you are doing here.
J. S. - It is a challenging job; we are at the forefront of the quest to find out more

about the mechanisms which govern the formation and development of cumulus
clouds. We have highly sophisticated means of processing and displaying new kinds
of data of the type that can only be obtained through remote sensing by satellites
or high-flying aircraft, as well as our conventional in-situ measurements. In my
group there are about 20 Government-employed people and another 25 on contract
from outside. Our budget for last year was of the order of three million dollars.
My job is to hire the best people, give them plenty of opportunity to work, help
them with their work and professional advancement, and see that their working
environment is pleasant. At the same time, I endeavour to remain a creative scientist
myself, with the help and collaboration of some of the younger people here. In my
graduate student days, I never dreamt I would see three-dimensional models of
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cumulus clouds in my lifetime, but we have them, and are now studying why vigorous cumulus sometimes beget vorticular circulations. We are also linking these dyna·
mical and microphysical models with improved radiative models, because these
help us interpret the remote-sensed data from satellite radiometers. So I am really
trying to do two full-time jobs at once - administrator and scientist. For me, the
years at NASA have been the best, and I have no wish to retire. But, as Rossby used
to say, after six or seven years one should go on and do something else. I certainly
want to maintain my links with NASA and continue with scientific work in meteorology, but my husband and I are both attracted by the idea of contributing to
meteorological activities in Third World countries, perhaps connected with field pro·
jects focused on clouds, rainfall and/or tropical storms.
H. T. - You have already worked on some projects outside the USA, I believe?
J. S. - One of the attractive things about meteorology is that it is a truly universal
subject, because the weather knows no national boundaries, and people the world
over are working on the common problem of understanding the atmosphere's behaviour and forecasting it. So a meteorologist has colleagues everywhere. As well as
attending international conferences, I have had the privilege of participating in
multinational field programmes. One was the GARP Atlantic Tropical Experiment
in 197 4, when I often flew as airborne mission scientist, deciding on the pattern
that should be flown by the different instrumented aircraft to investigate a parti·
cular cloud cluster or clusters. Incidentally, I have been working on GATE data and
publishing papers ever since then; it was a very fruitful project. I also took part in the
winter MONEX project in early 1979 and got to learn about the monsoon in the
vicinity of Malaysia. On both these programmes I met such a lot of interesting people
from different countries. About ten years ago I went on an F AO-sponsored project
to Oman because the auth-orities there were desperately anxious to know about
the possibilities of increasing the rainfall. As you know, rain only occurs there in
winter in association with the remains of disturbances coming from the eastern
Mediterranean; it is scanty and unreliable. All I could do was to show them how
to understand their rainfall regime better, and try to convince them that there was
little use in seeding just any cloud which came along in the hope of enhancing
precipitation. It was an unforgettable experience for me to visit that country, to see
the way the wealth from newly-exploited oilfields was revolutionizing the ancient
feudalistic and nomadic way of life of those people.

H. T. - Which among the meteorologists you have met made the greatest impression
on you?
J. S. - Carl-Gustav Rossby for a start; he was like a father to me in the profession,
whether he was criticizing my attitude or commending my efforts. Victor Starr
taught me how to set about a problem, about the need to be meticulous and to
keep a systematic and careful record of my work. Herbert Riehl was not only my
Ph.D. supervisor, but also became a close friend and colleague. Bernhard Haurwitz
taught me a lot when we were working together at Woods Hole. Jerry Namias is a
good friend too, he has such a tremendous power of observation and is full of new
ideas. Alfred Woodcock had no formal training in meteorology, but sharp eyes for
observing how seagulls fly and how Portuguese men-of-war jellyfish drift, and the
ability to deduce facts about the medium in which they move. Dave Atlas created
the Laboratory for Atmospheres here at the Goddard Space Flight Center, and,
although no longer director, remains a creative scientist whom I admire greatly.
Helmut Landsberg was one of my very first professors, and has also become a close
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personal friend. Then I must not leave out my husband Bob Simpson, because he
made a mark on my professional life as well as in everything else. But all these people
are either my age or older. I want to mention also two of the younger generation
whom I like to think of as 'sons' in the professions, as evoked by Mr Taha in his
interview with you. Both of them have received the Meisinger Award of the
American Meteorological Society. Roger Pielke is one; he came to work with me as a
graduate student in Miami. He insisted on creating for his Ph.D. a three-dimensional
time-dependent model of the airflow over the Florida peninsula, in spite of my
suggestion that he tackle something less ambitious. When I moved up to Virginia,
he came along too as assistant professor. The other young scientist is Louis Uccellini,
who is the initiator and leader of my mesoscale group here. He worked out how lowlevel jetstreams could interact with higher-level jetstreams to contribute to the
rapid development of very severe thunderstorm systems.

H T. - Tell me which of the awards that you won give you the greatest personal
satisfaction.
J. S. - Of course there are two sorts of award: you may be chosen to receive a

token of recognition for your achievements, or you may be invited to do something
special (like deliver a lecture before a distinguished audience). In the first category
there are three r should like to mention. When I received the Meisinger Award in
1962 for my work on cumulus clouds, I felt that at long last I was accepted into
the community of meteorologists in spite of being a woman. Dave Atlas was the
chairman of that awards ceremony, and he paid me a compliment I have never
forgotten when he said ' ... I have read some of her papers and I wish I had written
them myself. Coming from such a brilliant man, that was praise indeed! You will
not be surprised to know that the Carl-Gustav Rossby Research Medal has a double
honour for me: the feelings evoked by that illustrious name, and the fact that it is
the AMS's highest award. If only Professor Rossby could have lived to see me win
it! I was glad that at least his widow Harriet (now Mrs Alfred H. Woodcock) knew
about it. Finally, because NASA means so much to me now, I was particularly
happy when I received NASA's Exceptional Scientific Achievement Medal.

In January 1983, Dr Simpson was awarded
the American Meteorological Society's
highest honour, the Cari-Gustav Rossby
Research Medal. She is seen here with
Dr Richard Hallgren, President of the
AMS (Centre) and Dr David Atlas
(Photo: A MS)

H. T. - What about the other kind of distinction you mentioned, like giving a
prestigious lecture?
J. S. - There is a large community of meteorologists in Seattle, and a television

station there chooses each year someone of repute in the science to come and give
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one or two lectures at the University of Washington, to speak at a gathering of
professional meteorologists from Seattle and from across the Canadian border in
British Columbia, to give a seminar to the local AMS chapter, and to be interviewed
on the regular weather television programme. I had the honour of being selected
as the distinguished meteorologist recently. But what perhaps gave me even more
pleasure on that occasion was to be invited to a dinner given by women meteorologists in Seattle; there must have been 40 or 50 present, and we talked for a couple
of hours about being a female meteorologist. They were mostly young and had not
known all the prejudices that I had met with, but they agreed that some problems
still exist. I was so very proud to see all these women doing so well in the profession
of meteorology; following the trail that I, and to some extent my mother before
me, had been instrumental in pioneering.

H. T. - Professional and amateur meteorologists the world over regard the American
Meteorological Society as an important forum in the science. Please would you
tell readers something about your activities in the Society?
J. S. - My contacts with the AMS have always been a source of great satisfaction,

particularly in the more recent part of my career. Through the Society I have met a
number of people from the private sector whom I might never have known otherwise. I was elected to the Council for the first time in the mid-1970s, and found
it a most stimulating experience. I served for two years on the five-member Executive
Committee. At the present time I am the Commissioner for Scientific and Technological Activities, which involves appointing persons to the committees dealing with
various sub-disciplines such as mesoscale meteorology, tropical meteorology, mountain meteorology, agricultural meteorology - there are 29 committees altogether.
The primary function of the committees is to plan conferences, workshops and other
events relating to their field. It has been my endeavour to create good communication between meteorologists through well-presented exposes and lively discussions.
I greatly enjoy working in the fine AMS headquarters in Boston with Ken Spengler
and Evelyn Mazur.

H. T. - Finally, Dr Simpson, what is your advice to a young person- man or woman contemplating meteorology as a profession?

J. S. - I have been most interested in the replies given by your previous interviewees
to this question, and I agree with all of them. One thing I should like to underline
is the importance of being outdoors and close to nature as much as possible, to
watch the evolution of the sky and the sea. I do not believe you can get very far in
modelling a thunderstorm if you have never taken the time to watch the real thing
develop around you. So I agreee with Professor Landsberg that you need to be
someone who loves to be out of doors. Another piece of advice is not to fear controversy and criticism, provided this is never allowed to degenerate to personal attacks.
Rossby used to say that a wrong idea was often more beneficial to the science than
the right one, because it fueled controversy which is the motive power for progress
in meteorology. In the same way, if an atmospheric scientist has never had critical
remarks made about his or her work, then that title is a misnomer because the work
cannot have been in any way original or innovative. You have to analyse criticism,
decide whether it is valid, and, if so, how you can use it. Conversely, if you suspect
there is a flaw in someone else's work, do not be afraid to tell them about it; you
will be doing them a service. It took me quite a long time, but I have now matured
sufficiently to be able to say in all sincerity that I welcome criticism, and no longer
bristle defensively at it. These few comments apply equally to young men and to
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young women, but I must close with a warning to women that they are inevitably
going to face some problems in trying to juggle two careers in the family and to
achieve a balance between a creative role at the top of the profession and motherhood. But it is possible to do a good job at both. Actually, many more young people
of both sexes nowadays have to deal with this problem because of the large increase
in the number of professional and working women. Lots of young men are adjusting
very well to making sacrifices from time to time in favour of their wives' careers,
and they spend more time close to their children. I think this is a very positive
evolution.

Chicago, May 1985 -

Dr Simpson with
her exhibit on the theme of women as
professional scientists at the Museum
of Science and Industry

H. T. - Dr Simpson, thank you very much indeed for this very interesting and
lively interview. I feel sure that the increasing number of young women in meteorology will draw much inspiration and encouragement from your remarks.
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Mr F.A. A. Acquaah
The Republic of Ghana, bordering the Gulf of Guinea and extending from
0
approximately 5° to ll N, has an area of almost 240 000 km 2 and a population
of around 13 million. It shares a common boundary with Cote d'Ivoire to the west,
Burkina Faso to the north and Toga to the east. Ghana is mostly low-lying; nowhere
does the altitude reach 1000 m above sea-level.
The climate is governed by the interplay between a tropical continental air
mass (the harmattan) and a tropical maritime air mass (the monsoon). The harmattan is characterized by dry dusty air moving south-westwards from the Sahara,
whilst the monsoon brings moist but relatively cool air north-eastwards from the
South Atlantic. The boundary between these two air masses is the well-known

Mr F. A. A. Acquaah

Jntertropical Convergence Zone (ITCZ). The ITCZ migrates north and south following the movement of the sun and brings seasonal rainfall of line-squall type. Its
most northerly excursion is in August when it usually reaches latitude 21°N or
thereabouts, retreating to around 7°N in January. Rainfall is abundant when the
dominant regime is monsoonal, but the harmattan regime is associated with a dry
season. Temperatures show a spatial and temporal uniformity, with little variation
from year to year. The mean daytime maximum (30-35°C) occurs in March, and the
mean night minimum (15-25°C} in August. Rainfall is markedly seasonal in character, with great variability in both monthly and annual totals. North of around latitude 8° 30'N there is a virtually rainless period from November to April and a
rainy season from May to October. The south, with its tropical hardwood forests
and cacao plantations, has two rainy seasons, the major one from April to July
and a lesser one from September to November, with a harmattan season from
December to February.
Ghana is relatively rich in animal life. The larger mammals include lion, leopard,
hyena, elephant, buffalo, wild boar, antelope, chimpanzee and many other species
of monkey. Among the snake population there is the python, cobra, horned and
puff adder and the green mamba. Crocodiles and alligators are found in the rivers and
lagoons, whereas the sea, rivers and inland lakes are all rich in fish, together with
edible turtles and several varieties of crustacea.
The country possesses a wide range of minerals, including gold, diamonds,
manganese and bauxite. Apart from the offshore oil deposits, Ghana depends heavily
upon the hydroelectric potential of its rivers as a source of power. With the building
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of the giant dam for hydroelectricity at Akosombo, some 116 km from the estuary
of the River Volta, a whole watercourse system was turned into a lake -reputedly
the largest man-made lake in the world.
The people of Ghana belong ethnically to one large group, although there
is a variety of tribal or sub-ethnic units. It is possible to distinguish by dialect at
least 75 different tribes, even if many of them are very small; the principal ones
are the Akan, Mole-Dagbani, Hausa, Ewe and Ga-Adangme. In addition to indigenous
religions of the various tribes, one encounters both Christianity and Islam.
The practice of meteorology in Ghana dates back to the latter part of the nineteenth century when the Gold Coast (as Ghana was then known) was one of the
territories constituting British West Africa* (the others were the Gambia, Nigeria and
Sierra Leone). Weather observations were carried out by various government departments and used to prepare meteorological statistics for annual publications. Tabulated observations for a number of stations were also sent to the Meteorological
Office in London and published in the Reseau mondial. The history of most of these
stations is very sketchy before 1938 (and sometimes even later due to the relevant
documents having been lost); little is known about sites and the exposure ofinstruments, and it seems that observers were often inadequately trained and supervised.
A conference of (British) Empire meteorologists took place at the Air Ministry
in London on 24 August 1929, ofwhich the Sub-Committee on West African Meteorology adopted the following declaration:
'In view of the urgent importance of full meteorological knowledge for the
development of aviation, in addition to the value of meteorology to agriculture
and medicine, it is recommended that Nigeria should have a full-time meteorological officer to be appointed on the advice of the Air Ministry.
'The Colonies of the Gold Coast, Sierra Leone and the Gambia are not yet
in a position to maintain separatf! local meteorological services.
'The Committee is, however, of opinion that these Colonies should be invited
to avail themselves of the services of the aforesaid Nigerian officer, who should
co-ordinate meteorological data in relation to aviation, agriculture, medicine,
etc., for all West African Colonies.'
Two points in particular are worth noting in this statement: first, the fact
that the value of agrometeorology and even human biometeorology was already
recognized; second, the need for a full-time meteorologist.
The British West African Meteorological Services (BWAMS) infrastructure
came into being on 21 June 1937 under the technical direction of Mr D. E. Smith
of the Survey Department in Lagos. Group Captain F Entwistle of the British Air
Ministry visited Lagos in December 1940 and made recommendations about the
reorganization of weather services, and the following March Mr Smith was appointed
Chief Meteorological Officer at the British West African air headquarters, then
located at Takoradi (Gold Coast), and forecasting services of the BWAMS were
united under the control of the Air Ministry.
After the war, Mr J. Durward visited British West Africa at the request of the
governments concerned, and submitted recommendatz'ons for the reorganization
of the weather services on a peacetime basis, On 1 October 1947, control of the

* Thanks are due to Mr S. Cornford of the United Kingdom Meteorological Office for
documentation on which the following historical notes are based.
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BWAMS passed from the Air Ministry to the individual governments. Then on
1 April1950, Mr J. R. Clackson was appointed director of both the BWAMS and the
Nigerian national Meteorological Service, and the headquarters of the former moved
from Accra to Lagos. The Gold Coast Meteorological Service under Mr H. 0. Walker
separated to become the Ghana Meteorological Services Department when the
country became independent in 1957.
Readers will be able to follow subsequent developments in the interview which
Dr H. Taba conducted with Mr F. A. A. Acquaah of Ghana. But first, a few words
about Mr Acquaah.
Born in 1920, Frank Acquaah was first appointed to the BWAMS in 1949.
He became Director of the Department of Meteorological Services at the end of
1960, and thereby Permanent Representative of Ghana with WMO. At the Fourth
World Meteorological Congress in 1963 he was elected member of the WMO
Executive Committee, and served on it without a break until his retirement in 1975.
He took a very active part in sessions of the Committee and contributed most effectively to the affairs of the Organization. It should be remembered that WMO was
then undergoing a remarkable expansion; new technical and scientific programmes
were launched, and ways and means had to be found to implement them.
At the sixteenth session of the Executive Committee in 1964 (the first that
Mr Acquaah attended as member), several very important technical and operational
problems were discussed. Among these were the WMO New Development Fund,
the role of the WMO Advisory Committee, planning the World Weather Watch,
technical co-operation, and, last but certainly not least, education and training
in meteorology. The minutes of the plenary meetings at that session show that
Mr Acquaah had this latter item particularly at heart.· Not infrequently he was able
to come up with a compromise formula when it seemed impossible to reach agreement on some proposal. Being African himself, and fully conversant with the situation there, he quickly saw that solutions to meteorological problems in Africa
depended upon the availability of properly trained staff Developing countries in
Africa, once they had gained independence, badly needed technical training, but
the desperate situation of most of their national economies meant that meteorology
could not be given high priority. So an external source of financial support for this
had to be found to help these young nations. The WMO Technical Co-operation
Programme, funded mainly by the United Nations Development Programme, was
probably the only available source to start with.
Indeed, education and training was a burning and controversial subject on the
Executive Committee's agenda, and in 1965 the Committee established its panel
of experts under the chairmanship of the late Professor J. Van Mieghem. It is in no
small measure due to the efforts of Mr Acquaah and of his friend and counterpart
in Nigeria, Mr N. A. Akingbehin, that the WMO Regional Meteorological Training
Centres in Africa have been so successful.
We are most grateful to Mr Acquaah for having agreed to receive Dr Taba
for the following interview which took place in Accra on Saturday 30 November
1985.

H. T. - As usual, my first question is about your family background and childhood.
Please would you say something about this.

F. A. - I was born on 3 February 1920 in the small town of Asamankese in the
Eastern Region of the Gold Coast (as Ghana was known in those days). My father
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was a minister in the Presbyterian Church, my mother a housewife who baked
bread to make a small supplementary income. I lived happily in a Christian family
with an elder brother and younger sisters, moving in the space of a few years to three
other towns - Asuboa, Nsaba and Kukurantumi. These are all in the same general
area, centred some 50 km north of Accra where cacao is the main cash crop. I lost
my dear father when I was still only 12 years old, and my mother and the girls then
went to our home town of Boso, just across the River Volta. My eldest brother was
a teacher in the Presbyterian Church, and I went to live with him in Larteh so as to
continue my primary education. I was lucky enough to pass the highly competitive
entrance examination and got a place at the Achimota secondary boarding school,
near Accra. This was certainly one of the best schools in the country. I passed the
University of Cambridge Senior School Certificate with distinction in 1939, and
gained a London matriculation certificate. This permitted me to start my university
education at Achimota College, which later became the University of Ghana, Legon.
I obtained an Intermediate B.Sc. certificate in engineering, but at that point had
to curtail my studies and get a job in order to provide some financial support for my
mother and for the education of my sisters. I became an assistant engineer (under
training) in the United African Company Ltd. (a subsidiary of the Unilever Group),
and was attached to the motor sales and service department at Kumasi, a large
town about 200 km from the coast.

H. T. - So you started out as a mechanical engineer. What led you to change your
profession to meteorology?
F A. - It is a rather long but quite interesting story. After s'erving some time at
Kumasi, I was transferred to Akuse on the lower reaches of the River Volta. Here
I made friends with two people who worked at the meteorological station. I sometimes visited them at weekends, and would go with them to the enclosure and watch
them read the instruments, then, back indoors, turn their attention to the barometer.
We talked about their work in general, and I found that my interest had been
aroused. Some months later I saw an announcement in the local daily newspaper
about a vacant post as assistant meteorologist. My educational background in mathematics and physics seemed to be suitable, but first I went and discussed the advertisement with my friends. They encouraged me to apply, and so I did. I was called
for an interview by the Government Scholarship Selection Board in Accra, and a few
weeks later received a letter signed by the Colonial Secretary, of which the substantive sentence read:

'I am directed by the Governor to inform you that, subject to your medical
fitness, you have been selected to undergo a course of training in weather
forecasting in the United Kingdom with a view to your subsequent appointment as an assistant meteorologist in the British West African Meteorological
Services.'
I was bemused, and rushed round to show the letter to my friends at the weather
station. They congratulated me; apparently there had been nine applicants but only
two had been chosen for the forecasting course. So I decided to accept, and became
one of the first two indigenous people from my country to have had the chance
to train abroad in meteorology.

H. T. - Was it normal to send people on a forecasting course who had not had
any experience of the fundamental operation of making meteorological observations?

F A. - My first reaction was that it seemed rather odd, to say the least. However,
when I reported to the meteorological headquarters in Accra I found that excellent
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arrangements had been made to break me in, so to speak. I followed an intensive
course for weather observers, including both theory and practical work, and also
learnt the rudiments of forecasting from two of the expatriate staff. Thus initiated,
I went off to the United Kingdom Meteorological Office training school, which
in those days was located in Kingsway in the heart of London. Two of the instructors
were P. J. Mea de and W. E. Smith; they were both very friendly and helped me
greatly. After the formal part of the course I was sent to an airfield in England to
gain practical experience in aeronautical meteorology and forecasting. On my return
home in 1949 I was duly appointed assistant meteorologist. I remember that three
years later, in late 1952, the junior staff of the entire Civil Service went on strike
for better working conditions. Needless to say, we still had to provide a round-theclock forecast service for aviation at Accra, and, for a period of about six weeks,
John Sissons, one of the expatriate forecasters, and I had to cover this all on our
own. It earned us a letter of commendation.

Lagos, February 1965 -The
opening of the Technical Conference on Meteorology in
Africa. Back row, left to
right: Mr A. Ramanisarivo,
president of the Regional
Association for Africa;
H. E. Mr Alhaji Waziri lbrahim,
Nigerian Minister of Economic
Development and Education;
Dr D. A. Davies, WMO
Secretary-General: Front row:
Mr A. K. Elamly, WMO;
Mr N. Veranneman, WMO;
Mr Acquaah; Mr N. A.
Akingbehin, conference
chairman
Photo: Primrose, Lagos

H. T. - What was the state of meteorology in West Africa at that time?
F. A. - Shortly before the Second World War, the then British West African governments (the Gambia, Gold Coast, Nigeria and Sierra Leone) set up the British West
African Meteorological Services, conceived at first as a modest and temporary institution, supported by the British Colonial Government and the Met. Office. The
main function was to support civil aviation, and each country had a main synoptic
station making hourly observations, either throughout the 24 hours or from dawn
to dusk. But there were also a few other stations manned by voluntary observers or
by staff of other government departments; climatological, agricultural or rainfall
stations. Summaries of their observations were published in official government
journals. With the outbreak of war, weather services assumed a critical importance;
the BW AMS was considerably strengthened and placed under the operational control
of the British Air Ministry. Among the pioneers of the early post-war years I should
like to mention J. R. Clackson, the first director of the BWAMS; H. 0. Walker, chief
meteorologist in the Gold Coast; P.C. Bartrum, senior meteorologist in Sierra Leone
and later Nigeria; and N. A. Akingbehin, who had served as a Flying Officer in the
Royal Air Force during the war, and who later became the first director of the
Nigerian Department of Meteorological Services and member of the WMO Executive
Committee from 1963 until his retirement in 1970.
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H T. - What about meteorology in Ghana itself before and after independence?
F. A. - From the records, it seems that systematic weather observations started in
the Gold Coast in 1886, the principal object being to explore and assess the climatological resources of the country. Three climatological stations were thus established
along the coast by the government of the day, and their operation was entrusted
to the Medical Department. Shortly after the First World War, this responsibility
was taken over by the Department of Agriculture, and there was a considerable
expansion of the network. In due course the Meteorological Service came under the
Air Service Department. As I said earlier, the Second World War gave it a strong
impetus; at the end of the war there was a forecast office and a synoptic station at
Accra airport, ten climatological stations, three agrometeorological stations and over
70 rainfall stations throughout the country. But full-time staff were few; one or two
expatriate meteorologists and a handful of indigenous observers and assistants.
Equipment was also of diverse types and quality, and very limited in quantity.
Nevertheless, by the time that Ghana gained independence on 6 March 19 57, about
one hundred indigenous staff members were employed; there were 14 synoptic
stations with a full range of standard equipment operating 24 hours a day. There
were 45 climatological, 20 agrometeorological and over 300 rainfall stations.
Regional offices had been established at Ho, Kumasi and Tamale.

Mr Acquaah, photographed during the fifth session of the
Regional Association for Africa (Geneva, October 1969)
Photo: WMOjBianco

H. T. - In November 1960 you were appointed Director of the Meteorological ·

Services Department of Ghana. What was the situation when you took over?
F. A. - Until independence, almost all the top positions in the Civil Service had
been held by expatriates, usually British. Naturally the Ghanaian Government
was anxious to place its own nationals in these posts as soon as it was convinced
that they were suitably qualified. So I became the first Ghanaian to be head of the
Meteorological Service. I must pay tribute to my British predecessor, the late Harry
Owen Walker, for his indefatiguable zeal, his love for the science and his good handling
of public relations. Others who had helped to build up the original Meteorological
Service were A. D. Swan (senior meteorologist), E. L. Mukammal (meteorologist),
L. Humphrey (senior assistant meteorologist), and A. L. Djabatey, J. Sissons and
A. J. Willis (assistant meteorologists). Mr Djabatey was himself a Ghanaian, and
we were also joined in 1956/57 by two young graduates from the University College
of the Gold Coast, N. A. Gbeckor-Kove and S. E. Tandoh. Thanks to the efforts of
these and other devoted staff members, Ghana had a small but well-balanced national
Meteorological Service when I took over. However, with the fundamental political,
socio-economic and technological developments in progress at that time, the
demands made upon the Meteorological Services Department were expanding and
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diversifying rapidly. Clearly our staff resources were totally inadequate at all levels
to meet the new challenges. There was an urgent need to recruit and train additional
staff, especially those who would form a professional and technical cadre. Accordingly, an intensive training programme was started. Technical assistants received all
their instruction at the Department's training school, which also gave refresher
courses. Professional and scientific staff were given part of their tuition at our
training school and part overseas. The Government's scholarship schemes, supplemented by fellowships provided through the UNDP, VCP, Commonwealth and
bilaterial arrangements, permitted Ghanaians to study in, among other countries,
Canada, East Africa, Israel, Nigeria, the United Kingdom and the USA. In this
way the number of professional and technical staff grew over a period of ten years
from 168 to over 340. As regards accommodation, two buildings had been provided
by the airport manager at Accra for the Department's headquarters, clirnatological
sections, training school and stores. However, this soon proved to be inadequate,
and plans were drawn up for a new complex to house the headquarters, ancillary
services, a central forecasting office and library. We occupied our new premises in
Legon early in 1967.

Staff of the Ghanaian Meteorological Department headquarters at Legon reading
in the library during the
lunch break
Photo: F. A. A. Acquaah

H. T. - What were your involvements with WMO?

F A. - My first real contact with WMO had been when I attended the second session
of the Commission for Instruments and Methods of Observation at Paris in 1957. I
must admit to having been timid at first, but with encouragement from the chief
delegate (Harry Walker) and others at the session, I was soon able to enter into active
participation. I even made a short speech at the closing meeting which was loudly
applauded, much to my gratification. Following my appointment as head of the
Meteorological Service, I attended the third session in Addis Ababa of the Regional
Association for Africa in 1962 and was elected vice-president of the Association, and
the following year went to Geneva for the Fourth World Meteorological Congress
and was elected to the Executive Committee. In 1968 I became a member of the
Executive Committee Panel of Experts on the Structure and Functioning of WMO.
Then on the retirement of my friend from Nigeria, Mr N. A. Akingbehin, I was
elected Third Vice-President of WMO in 1970.

H. T. - I should be interested in your reflections on the Executive Committee
during the ten years you served on it.
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F. A. - The founders of the International Meteorological Organization were all
directors of national Meteorological Services, and their primary purpose in getting
together in this way was to serve the science of meteorology, mainly through international collaboration in creating a better observational network for the collection
and dissemination of weather information, primarily as a means of safeguarding
shipping against hazardous weather. The Membership was small, and it was relatively
easy to reach a consensus on matters of policy and programmes. In time the fields of
application of meteorological knowledge diversified, and also the Membership grew.
In the outside world political polarization intensified, and even in WMO conflicts of
interest qecame inevitable. What struck me most was that in spite of these evolutions,
there reigned in the Executive Committee a spirit of friendship and an indomitable
will to be co-operative, to reach decisions which could be seen to be in the interest of
the Organization as a whole. I know others have done it before, but I cannot help
mentioning some of the great names of the time: Dr F. W. Reichelderfer, Sir Graham
Sutton, Academician E. K. Fedorov, Mr M. F. Taha (the doyen of African meteorology), Professor J. Van Mieghem, Alf Nyberg, 'Bob' White, 'Bill' Gibbs, Mansour
Seck and Oia - that was the affectionate nickname I gave to Mr Akingbehin; it is a
word in Nigerian dialect meaning 'great man'. Finally, of course, there was Dr D. A.
Davies, whose unflagging friendliness and devotion to duty as Secretary-General for
so many years were largely responsible for the immense achievements of WMO. I
remember that during one of the sessions we had a long and animated discussion on
the merit of balancing the two top posts of the WMO Secretariat - the SecretaryGeneral and the Deputy Secretary-General - between nationals of a developed and a
developing country. I was therefore particularly pleased when I learnt of the
appointment of Professor Obasi from Nigeria as Secretary-General and of Mr Smith
from Canada as Deputy Secretary-General. I wish them both every success in their
highly responsible offices.
H. T. - Please would you say something about WMO programmes from the point
of view of a developing country.
F. A. - I am sure you will not be surprised if I single out for mention the Voluntary
Co-operation Programme and the Education and Training Programme. I am convinced that the developing countries derive very great advantage from them. You see,
if the developing countries are to have their full share of the tremendous benefits
that modern meteorology and hydrology can bring, it is absolutely essential that
there are no weak links in the infrastructure through which the benefits are realized.
In other words, each member of the staff of the national Meteorological and Hydrometeorological Services must have an adequate educational background and thorough
training in the field in which he or she carries out his or her duties. With enough
well-trained staff who have the necessary standard of equipment and facilities at
their disposal, we shall have a Meteorological Service that will be profitable to the
nation and a valuable asset to the world community. These two WMO programmes
are specific means by which we in the developing countries hope to attain this
much-desired level of competence. I should like to take the opportunity of
expressing my grateful appreciation to all the Members of WMO which are helping
to make the dream come true, whether by contributing funds, experts and equipment, or accepting the responsibilities and obligations attached to the effective
implementation of the programmes. Before leaving this topic, may I again recall a
few names of individuals who have helped to advance the cause: Professor Van
Mieghem, Professor E. A. Bernard, Mr Taha, Dr White·, and, of course, yourself
in your former capacity as Director of the Education and Training Department and
Dr Sebastian as Director of the Technical Co-operation Department in the WMO
Secretariat.
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H. T. - I recall that when I visited Ghana in 1965, you took me to the site of the
Akosombo dam. Please would you tell readers something about the dam, and especially about the contribution that the Meteorological Service made to this monumental project.
F. A. - Indeed, we in the Meteorological Services Department were involved from
the very early stages. I designated a man to serve as liaison between our Department
and the Hydrology Division of the Public Works Department. In order to obtain
the most reliable data possible during the design and construction stages, a delegation from the Met. Services Department visited Cote d'Ivoire, Burkina Faso and
To go (which all have part of their territory within the catchment of the River Volta)
in order to obtain historical climatological data and to arrange for the acquisition
and transmission to Accra of real-time data (especially rainfall data) for use during
the construction. The River Volta proper is that part below the confluence of the

Akosombo dam and power station nearing completion in October 1964

Black and White Volta rivers, about 450 km upstream from its mouth in eastern
Ghana. However, the course of the Black Volta can be followed for another 1200 km
to its source in Burkina Faso. As well as the> White Volta, there are several other
large tributaries such as the Afram and the Oti. The dam is located at a point where
the river gorge is at its narrowest, and is of a rock-filled type with a height of 120 m
and a length of approximately 700 m. In collaboration with hydrologists, the
expected level of the river at the dam site was calculated daily and passed to the
contractor, an Italian firm, lmpregilo, which used the information to regulate the
spillway. Incidentally, the two spillways are designed so that each can discharge
floodwaters with a lOO-year return period.

H. T. - What was the primary purpose of building the dam?
F. A. - A geological survey early in the century revealed large deposits of bauxite,
which is the basis for manufacturing aluminium. Already then the idea was put
forward of building a dam across the River Volta to provide hydroelectric power for
a smelting plant, but the two world wars prevented the realization· of this. After
Ghana became independent, the Government resolved to go ahead with the project,
and entered into an agreement whereby the International Bank for Reconstruction
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and Development and the Governments of the United Kingdom and the USA put up
most of the funds required, the balance being met by the Ghanaian Government
itself. The main customer for the power thus produced was the Volta Aluminium
Company (VALCO) which built a processing plant at Tema, on the coast about
30 km east of Accra. An agreement with VALCO was signed on 22 January 1962, and
such was the energy put into the construction work that the dam was completed by
the end of 1964, well ahead of schedule. That was in spite of the early 1960s being a
very rainy period, with floods which interrupted the work on several occasions.
However, the effects of the floods were minimized thanks to the forecasts provided
jointly by the Hydrology Division and my Department. On 8 February 1965 the
symbolic last load of rock was tipped into place and the sluice-gates opened to allow
the water to flow through the turbines. Quite apart from the generating capacity
of 792 000 kW (ultimately expected to rise to one million kW), the dam has created
a new geographical feature - Lake Volta - the largest man-made lake in the world.
New possibilities have opened up for navigation and transportation through a
network of harbours on the shores of the lake, as well as for additional freshwater
fisheries. Pilot irrigation projects have also become feasible in northern parts of the
country. So as you can see, this was by far the most important project achieved
during my term as head of the Meteorological Services Department.

Mr Acquaah relaxes with his wife after the interview
Photo: H. Taba

H. T. - How do you see the future of meteorology in Africa?

F. A. - As I see them, the main challenges to meteorology in Africa can be grouped
under three headings: recruitment and training of personnel; establishment of appropriate institutions; provision of information and data for development purposes.
The first I have dealt with already. The object of the second is to ensure that acquired resources in terms of manpower and funds are efficiently utilized, and for this
there must be a thorough-going internal co-ordination of activities within the national
meteorological or hydrometeorological institutional infrastructure, which should
then be transferred to governmental level; periodic meetings will be necessary to
exchange information and ideas for the formulation of policies and programmes.
Going on to the third group, in Africa we have witnessed some colossal errors of
judgment in economic development projects in the past which have cost the community
dearly, and which might well have been avoided had the governmental agency concerned been provided with relevant meteorological, climatological or hydrological
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data and information. The existence of an effective national Meteorological or Hydrometeorological Service should ensure that decisions about development policies
and projects are taken in the light of current knowledge in these domains. Therefore,
I would venture to urge governments, and especially those of developing countries,
to see that their national Services receive adequate financial support. As I have
already said, it is a very sound investment.
H T. -What have been your activities since you retired in September 1975?

F. A. - After I retired I took the job of General Manager in Accra for Mars Ltd.,
the British confectionery company. They depend particularly on the production
of cacao, and my chief function is to assess the yield of crops which interest the
company, and to report on general weather conditions in the country. Apart from
this, I work on my small farm and do some gardening. From time to time I visit
the Meteorological Services Department.
H T. - Finally, what is your advice to aspirants in the profession of meteorology?

F. A. - My advice is simply to believe in the science and its universal nature, to
take a real interest in what you do, and to work hard. It may not be very rewarding
from the financial point of view, but immensely enriching in other respects.
H T. - Mr Acquaah, thank you very much irideed for your frank answers to my
questions; this will make one more interesting interview in the series. I wish you
many long years of happy and active retirement.
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Professor J.C.I. Dooge

Ireland is an ancient nation, but one with a relatively short history of political
independence. The independent Republic of Ireland, with an area of rather more than
70 000 km2, constitutes about four-fifths of the whole island of Ireland, separated from
Great Britain by the Irish Sea. The terrain is composed of a broad and undulating central
limestone plain surrounded by coastal highlands of varying geological structure, and was
periodically under the Pleistocene ice sheets. The central lowlands lie for the most part
between 60 and 130 m above sea-level, but there are many small hills rising above this.
Together with the bays and inlets that characterize the western seaboard and a multiplicity of inland lakes, the scenery is varied and attractive. Large areas ofpeat bog is another
typical feature of the landscape; in the past peat was virtually the only source of domestic·
fuel for the rural population, and even now some four million tonnes are extracted each
year for electric power stations and for horticultural purposes.

Professor J. C. I. Dooge as President of the Institution of
Engineers of Ireland
(All photos provided by Professor Dooge)

The climate of Ireland is a westerly maritime type. The territory is swept by mild
and moist south- westerly winds and also comes under the influence of the Gulf Stream.
Since no place is more than 110 km from the coast, temperatures are everywhere fairly
uniform; the mean in winter is between 4' and !C and between 14' and 16'C in summer.
The average annual rainfall ranges from 760 mm in the east to more than 1525 mm in
the west; snow is infrequent except over high ground. Most species of indigenous wildlife
came from northern Europe during the time that the British Isles were linked by land to
the continent. There are no snakes in Ireland, however. A seventeenth century accretion to
the lore about Saint Patrick, the fifth century Christian apostle, alleges that he was
responsible for banishing snakes from I reland as well as for overthrowing the celtic gods.
According to tradition, the Celts, who occupied most of Europe before the Romans, constituted the fifth great invasion of the island. Subsequently there were invasions by Norsemen, Danes, Normans, English and Scots, but JlO racial or ethnic distinctions exist in the
Republic today. Due to the ravages of the Great Famine which arose from potato blight,
the island of Ireland's population fell from eight million in 1841 to four million in 1851.
During the succeeding century, the rate of emigration remained sufficient to offset the
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high natural rate of increase, and only in recent years has the population begun to rise.
The present number of inhabitants of the Irish Republic is about 3.2 million. Agriculture
is still the mainstay of the national economy; here the climate is a great asset, producing
as it does abundant vegetable crops and rich grasslands.
The vernacular name of Dublin, the capital of Ireland, is Baile Atha Cliath, meaning 'the town of the hurdle-ford'. No doubt in very early times there was a ford where it
was possible to cross the River Liffey which divides the city in two. That name proved too
difficult for the Scandinavian invaders who preferred the simpler Dubh Linn, meaning
'black pool'. The Republic's Constitution states that Irish is the first official language and
English the second; all official documents are printed in both.
The Irish parliament consists of the President (head of state), elected by direct vote
of the people for a seven-year term, the Seanad (Senate) and the Dail (House ofDeputies).
The 166 members of the Dail are elected by adult suffrage at least once every five years.
The Seanad consists of60 members, of whom 43 are elected to represent various economic,
vocational and cultural interests, six are elected by the Irish universities and 11 nominated by the Prime Minister. The Government consists of fifteen members; the Prime
Minister, Deputy Prime Minister and the Minister for Finance must be from the Dail,
and not more than two ministers may be from the Seanad (in fact only three times in
more than 50 years have any members of the Cabinet been from the Seanad).
The seat ofparliament is Leinster House, a truly impressive building which is visited
regularly by heads of state and celebrities who admire the rich ornamentation. The principal reason that Dr H. Tabafound himself in the magnificent precincts was that he had
come to interview Senator lames Dooge on behalf of the WMO Bulletin. They met outside the chamber of the Seanad, and almost immediately, at 2.25 p.m. precisely, the bells
rang for members to take their places for the afternoon session, Dr Taba being shown to
the visitors' gallery. The Clerk of the Senate announced the entry of the Chairman,
whereupon everyone stood up, and remained standing whilst the Clerk read a prayer.
Dr Taba was rather surprised to find that when a senator wished to make an intervention
he did not ask for the floor but simply stood up and started speaking. At first everything
went smoothly, but when a point of lively controversy arose the situation appeared to
become somewhat chaotic, especially since the listening senators vociferate freely their
approval or disapproval of what is being said. After a while, Dr Taba went to visit the
Chamber of Deputies (the Dail) where the Minister for Social Welfare was in the process
of answering questions. She seemed very calm and spoke well.
After these brief visits to the two houses of parliament, the interview took place in
Professor Dooge's room in Leinster House. But first, for the benefit of readers who are not
acquainted with this eminent scientist and statesman, here is a condensed curriculum
vitae.
lames Clement Ignatius Dooge was born on 30 July 1922 in England, though of
Irish parents. In 1942 he graduated in sdence and civil engineering from University College Dublin, and ten years later obtained a Master's degree in engineering from the
National University of Ireland. He then went to the United States of America and
obtained an MS in fluid mechanics ana hydraulics from the University of Iowa (the topic
he chose for his thesis was 'Synthetic unit hydrographs based on triangular inflow'). Subsequent honours and awards included honorary membership of the Hungarian Hydrological Society, membership of the Royal Irish Academy, honorary fellowship of the Institution of Engineers of Ireland, an honorary doctorate in agricultural sciences from the
University of Wageningen (Netherlands), an honorary doctorate in technology from the
University of Lund (Sweden), foreign corresponding membership of Accademia P<ltavina
(Padua, Italy), honorary membership of the Irish Meteorological Society, an honorary
doctorate from the University ofBirmingham, foreign membership ofthe Polish Academy
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of Science, the IAHS International Prize in hydrology and the Bowie Medal of the American Geophysical Union. From 1958 to 1970 Dr Dooge was professor of civil engineering
at University College, Cork (in southern Ireland), and from 1970 to 1984 professor of civil
engineering at University College, Dublin. In 1984 he took early retirement from the
latter post and was appointed consultant hydrologist to the Department of Engineering
Hydrology at University College, Galway (in the west of Ireland), which operates a successful programme of postgraduate courses and research for students from developing
countries. Professor Dooge has published more than sixty scientific papers in hydrology,
hydraulic engineering and the history of engineering. He is, or has been, a member of
some thirty committees and societies at home and abroad, and occasional external
examiner for no less that fifteen universities throughout the world.
Professor Dooge's public and political career is no less impressive. Elected to the
Dublin County Council in 1948, he became a member of the Irish Senate in 1961, and
was re-elected in 1965. In 1967 he took part in an all-party committee to review the Irish
Constitution. He was Chairman of the Senate in 1973. In 1981 the Prime Minister
appointed him Minister for Foreign Affairs, but the following year circumstances changed
and he found himself Leader of the Opposition for a while. In 1984 he was appointed
chairman of an ad hoc committee of personal representatives of the EEC heads of governments on institutional affairs and a possible move towards European union. The
report of that committee provided the major input to the process which resulted in the
recent amendment to the Treaty of Rome.
Dr Taba says that Professor Dooge is amicable, generous and modest. He is an
articulate and entertaining speaker; to some his style may belie the fact that he is a very
hard worker. He has contributed tremendously to progress in the hydrological programmes of WMO, Unesco and ICSU, and his association with UNEP in connection
with the World Climate Impact Studies Programme is highly esteemed. We are particularly grateful to Professor Dooge for setting aside some of his precious time to accord the
following interview, which took place on Wednesday 26 February 1986.

H. T. - Professor Dooge, my first question is a personal one. Please will you tell us
about your family background, education and early professional life?
J.C.I.D. -My father was a ship's engineer. Both he and my mother were Irish, but
because Father's vessel was based at Liverpool, my parents were living at Birkenhead at
the time I was born in 1922. I had some early schooling at Liverpool, but much of my
secondary 'education was at Dun Laoghaire, just south of Dublin. I took mathematical
sciences and engineering at University College, Dublin, and graduated in 1942. I was
employed for a while as clerk ofworks on the construction of a sewage treatment plant,
and then I had three years in the Irish Office of Public Works, engaged on hydrometric
surveys, designing river-improvement schemes, and so forth. In 1946 I joined the Electricity Supply Board, which is a national authority in Ireland, and worked on hydrology
and hydraulics in its Civil Works Department. In 1952 I obtained a Master's degree in
engineering from the National University of Ireland, my thesis being on unsteady flow
in open channels.

H. T. -

What led you to go to the United States of America in 1954?

J.C.I.D. - The University of Iowa at that time was probably the leading centre for
hydraulic research in the USA, and I was given leave of absence to go there to take some
advanced courses, do some research work and also some teaching. I obtained the MS
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degree. In 1956 I returned to Ireland, and two years later accepted appointment at University College, Cork, as professor and head of the Department of Civil Engineering. I
stayed there until 1970 when I took up the corresponding post at University College,
Dublin. When the opportunity came in 1984 to work for two days a week at University
College, Galway, I decided to retire from my post at Dublin, even though I still continue
supervising a few research students. The courses in engineering hydrology at Galway are
specially designed for postgraduate students from developing countries. About one day
a week I spend on a research contract concerning the role of soil moisture in climate
modelling. The remainder of my time is devoted to my political work, to writing and to
work in connection with international co-operation in hydrological matters.

Professor and Mrs Dooge photographed during a social event

H. T. -

How does one become a hydrologist?

I think I had better start by trying to define hydrology. It relates to the
occurrence and movement of water on the Earth's surface, below the surface and in the
atmosphere above it; essentially the study of water in its natural state. Traditionally a
hydrologist has a background in civil engineering. Both in Cork and Dublin I was
responsible for university departments concerned with structural and foundation engineering, soil mechanics and hydraulic engineering, covering the two aspects of water
quantity and water quality. Hydraulics, on the other hand, is the study of water (or other
liquids) when conveyed in artificial pipes or channels. Civil engineers specializing in
hydraulics have got to know something about hydrology, and it may happen that they
develop such an interest in it that hydrology comes to dominate their work in water
engineering. Such was the case with me. It is very unusual to be able to study hydrology
at an undergraduate level. The few exceptions that come to mind are the University of
Tucson in the USA and Leningrad and Odessa in the USSR.
J. C.I.D. -

H. T. -

So there is no degree leading to hydrology given by Irish universities?

J.C.I.D. - No first-level degree. The nearest thing is the M.Sc. degree at University
College, Galway, which involves eighteen months' study; nine or ten months of courses
with a written examination and minor dissertation at the end. ·

H. T. -

What is your definition of operational hydrology?

J.C.l.D. - I believe that operational hydrology comprises the collection, transmission
and storage of hydrological data and their processing for use in a variety of applications.
In my view, one of the most important applications of operational hydrology is the
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real-time forecasting of water level or streamflow. Here I must explain the important
distinction in hydrology between 'forecast' and 'prediction': a forecast is based on actual
real-time hydrometric, precipitation and soil-moisture data, whereas a prediction is
based on statistics and is used chiefly for design purposes. One can predict the probability of a hydrological event of given magnitude; the return period of a flood of suchand-such a level or a drought of such-and-such a duration.
H. T. -

What is the structure of a typical Hydrological Service?

J. C.!. D. -

Services vary so much from one country to the next that one cannot talk
about a typical structure. It may be a division within a water resources department or
within the Meteorological Service, or it may be an entity of comparable stature to the
Meteorological Service where the two are either merged in a Hydrometeorological Service or else completely separate units. Since a hydrologist is concerned with the presence
and movement of water in the atmosphere, he has to know about evaporation and
condensation, precipitation and the behaviour of water vapour. Thus there is quite a
substantial field of common interest between meteorologists and hydrologists, although
each looks at it from a different angle because of the different problems they have to
solve. By and large I am in favour of very close links between the respective national
institutions responsible for meteorology and hydrology.
H. T. -

Do you consider yourself as primarily a hydrologist or as a civil engineer?

J.C.I.D. -When I was in charge of the university departments of civil engineering up
until 1984, I suppose it was only natural to consider myself a civil engineer. But with my
present functions I think it is truer to say that I am now more of a hydrologist.
H. T. - Please tell readers something about your work on behalf of international organizations, both governmental and non-governmental.

J.C.I.D.- My international contacts date back some 25 years to when it was becoming
clear to me and a small number of other like-minded people that hydrology, just like
meteorology, was about to undergo a fundamental change, with a strengthening of
mathematics and the introduction of numerical modelling. A small group of us interested in this new development, made possible by the increasing accessibility and capability of computers, met to exchange views. Shortly afterwards I was able to discuss with
the late Professor Kalinin of the University of Moscow the question of co-operation
between scientists in eastern and western Europe and in America. The outcome was that
in 1967 the IAHS established the Committee on Mathematical Models in Hydrology,
which also had the full backing of the Water Sciences Division ofUnesco. I was made
chairman of the committee, Professor Kalinin was vice-chairman and Dave Dawdy of
the U.S. Geological Survey was secretary. To look into different aspects, the committee
set up working groups on parametric hydrology, stochastic hydrology and water
resources systems, and in 1971 we were able to organize, under the auspices of IAHS
and WMO, a highly successful symposium in Warsaw on mathematical modellip.g in
hydrology.

H. T. - How did this work of co-operation develop?
J.C.I.D. -The four-year General Assembly ofiAHS took place in Moscow immediately afterwards, and our committee became the International Commission on Water
Resources Systems which, of course, still exists today. I was president of the commission for its first four years, after which I stepped down, feeling that the presidency
should rotate. I also wanted to get back to my own work. However, I then found myself
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elected president ofiAHS itself for the next four years (1975-1979), which meant that I
still remained in the IAHS Bureau as past president for the term after that (19791983).
H. T. - I believe that at one time you were concerned with international science in an
even broader context?

J. C.I.D. -At its eighteenth General Assembly in 1980 I was elected Secretary General
ofiCSU, but because of my work with the Irish Government I could only serve for one
two-year term. Nevertheless, I am still on the ICSU General Committee, and recently I
took over from Professor Malone as the person responsible for liaison between WMO
and ICSU. The long period during which I was at the centre of IAHS activities resulted
in my being drawn into membership of the Unesco and WMO groups dealing with their
respective International Hydrological Programme and Operational Hydrology Programme, as well as an FAO group on the influence of mankind on the hydrological
cycle, and some groups of UNDRO. In January 1977 I was invited to a meeting in
WMO of which the sole purpose was to decide whether or not to recommend a global
conference on climate; I remember it because it was the only time I have taken part in a
meeting arranged by an organization of the United Nations system when we did not
have piles of documents to sift through. As you know, it was agreed to go ahead with the
World Climate Conference.
H. T. -

That was how you first became involved in the World Climate Programme?

J.C.I.D.- Yes. I was a member of the organizing committee for the conference (it took
place in February 1979), and when the WCP got going I became chairman of the UNEP
Scientific Advisory Committee (SAC) on the World Climate Impact Studies Programme, an office I still hold. Under the World Climate Research Programme, I am
chairman of the steering committee concerning land surface processes; at the moment
we are focusing mainly on the Hydrologic Atmospheric Pilot Experiment (HAPEX)*.

H. T. -You alluded a moment ago to the transformation that computers have brought to
hydrology. Would you care to enlarge upon that theme?
Most certainly, because that, together with technological advances in respect
of automatic hydrological data acquisition and processing, have revolutionized the
science of hydrology. It is now firmly based on sound mathematical principles, and with
individual models for major river systems we are able to render forecast and prediction
services of an accuracy and reliability that could scarcely have been imagined 25 years
ago. Our whole way of thinking has changed; the presentations at hydrological symposia
today are vastly different from those I attended as a young man. If you ask where the
modem applications in hydrology have brought greatest benefit, I think I should have to
point to the relationship between storm rainfall and flood runoff. But it is not only that
we can handle such large amounts of input data and produce good forecasts and predictions rapidly, we have also been able to get a deeper insight into the processes involved,
understand the limitations better, and so assess the confidence to be placed in a hydrological model's output product. The wider the margin of doubt, the more the hydraulic
design engineer has to provide for costly safety margins which may be superfluous. So
we have now the means to increase our efficiency all round.
J. C.!. D. -

H. T. - What do you think the World Climate Programme is bringing to hydrologists?

* See
296

WMO Bulletin 35 (2) p. 171.

J.C.I.D. -That is not an easy question to answer. It is certainly opening our eyes to a
lot of new problems. Up to now the design of water resource schemes and hydraulic
structures has been based on the available climatological data on the implicit assumption that these will be valid throughout the lifetime of the constructions. But, as we saw
from the Villach conference*, that may well not be the case. So we have to taclde the
question of adapting hydraulic design to cater for a probable climatic change over the
next hundred years. The 'greenhouse' gases seem likely to produce warmer average conditions over the Earth's surface, especially at higher latitudes, and so that trend has to be
translated in terms of surface runoff. Here is a problem that we are only just beginning
to think about. We know that, over a long term, runoff is the difference between precipitation and evaporation. But these two latter parameters may not change in the same
proportion, in which case a magnifying factor is introduced into the inherent error in
estimating the runoff trend. So we have a long way to go.

Geneva, 1979- At the World Climate Conference. Nearest the camera, from
left: Professor J. C. Schaake; Professor P. S. Eagleson; Professor I. RodriguezIturbe; Professor Dooge

H. T. - Please tell readers about your work in UNEP's Scientific Advisory Committee
for the World Climate Impact Studies Programme.

J. C. I. D. -What the SAC did first of all was to draw up a list of suitable studies for the
WCIP and suggest how UNEP could most effectively give its support to these projects.
As a matter offact, there is a meeting of the SAC in Warsaw next month at which one of
the main items on the agenda centres on national programmes of climate impact
studies; how these may be co-ordinated in UNEP's general programme and how UNEP
could stimulate more participation by countries. The SAC is also concerned that studies
on the political, economic and social consequences of climatic changes are lagging
behind those on the geophysical and biological aspects. To give some impetus in that
area, UNEP has funded studies by SCOPE and IIASA and is seeing to it that the results
are disseminated in both developed and developing countries. But, as you can probably
imagine, we are dealing with problem areas which are rather less clearly defined than

*See WMO Bulletin 35 (2) pp. 130-134.
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those of the World Climate Research Programme. The Villach conference left little
doubt about the impending climatic warming, and we must now follow this up to try to
perceive what the consequences will be for decision~making.
H.T.- What about

y~ur

involvement in the World Climate Research Programme?

The WCRP is a joint WMO/ICSU undertaking, so as the member of the
ICSU -General Committee responsible for liaison with WMO I am naturally involved; I
shall attend the session of the Joint Scientific Committee in Lisbon next month. Moreover, as I mentioned earlier, I am chairman of the JSC's steering committee on land
surface processes.

J. C. I. D. -

H.T. -Until recently you were president of the ICSU Committee on Water Research.

Could you say a few words about that body ?
J. C.I.D. -CO WAR is interesting in that it is a meeting point between the scientific and
the engineering communities in the realm of water resources. An equal number of members are appointed by ICSU and by the Union of International Technical Associations.
COWAR was set up in 1976, and whereas there is no doubt about the need for such a
body, it has so far met with only limited success. I feel that this is because it has been
going too deeply into various programmes rather than trying to foster mutual understanding and a common language between the scientists and the engineers. Certainly
you may need to have something like a programme to serve as a basis for discussion,
but that need not extend to planning and implementation aspects.

Hamburg, 1983- Professor Dooge receives the International Prize in Hydrology from the outgoing President,
Dr M. F. Meier, at the General Assembly ofiAHS

H. T. -

What is the role of hydrology in the global context?

J.C.I.D.- Hydrology is the science of water, and therefore its global significance must

be measured by man's need for water. A human being could survive on only four or five
litres of water a day, but to remain in good health an individual probably needs ten to
twenty times as much. WHO has estimated that there are over one thousand million
people, or a quarter of the world's population, who do not have ready access to a sufficient supply of water of adequate quality. Next, there is the need of water to irrigate
crops to feed the increasing population, and here the demand is enormous because it
may well take 1000 kg of water to produce one kilogramme of cereal (perhaps 2000 kg in
the case of rice). Then we come to the needs of industry which are also very great. So to
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provide water of the right quantity and quality when and where it is needed is going to
cost the community simply colossal sums of money, and the role of hydrology is to see
that these investments are made in projects which are efficient, economic and safe.
H. T. -

What can individual countries do in this quest for adequate water resources?

1. C. I. D. -The most important thing is to make sure that hydrological requirements are
properly integrated in the development plans of developing countries, because they cannot be stuck on afterwards.

H. T. - Now I should like to turn to your career as a politician. How did you first
become involved in politics?

J. C. I. D. - When I was in my mid-twenties, Ireland was going through a period of
political change. I discussed matters with my wife, and she agreed that I should offer my
services to one of the political parties, and almost immediately I found myself involved
in the 1948 general election campaign. After that I was made party secretary for my
local constituency, and later in 1948 I was elected to the Dublin County Council. I was
still only 27 when I was elected chairman of the County Council. At the time I was
working for the Electricity Supply Board from 9.0 a.m. to 5.30 p.m., attending council or
committee meetings between 6.0 p.m. and 9.0 p.m., and then working on my M.Sc.
research project until about 2.0 a.m. I was re-elected chairman of the County Council
in 1953, but I always placed my career as an engineer before any political one, and that
was one of the reasons that I decided to go to the USA in 1954. It meant that I had to
drop out of public life for a while. After my return home, by the time the next local
government elections came round I was residing in Cork, so that the question of standing for the Dublin County Council did not arise.

As Irish Minister for Foreign Affairs, His Excellency Professor
Dooge addresses the General
Assembly of the United Nations

in 1981
H. T. -

But evidently that did not prevent you from being elected to the Senate.

J.C.I.D.- In 1961 the Institution of Engineers asked me ifl would agree to be their
nominee as candidate for election to the Senate. It was a complicated process involving
proportional representation, but the outcome was that I won the last vacant seat by an
extremely narrow margin. In 1965 I was re-elected and made Deputy Chairman, and
again re-elected in 1969. My return to Dublin in 1970 permitted me to start playing an
active role in policy-formulation for my party, and when in 1973 the party came to
power, I served as Chairman ofthe Senate unti11977. Because of my scientific commitments I decided not to stand for the Senate at the elections in 1977 although I did
maintain my ties with my party's policy-makers; in fact I was a member of the 1981
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election strategy committee. The result of that election was that no party had a clear
majority, and a coalition government was formed. I was offered, and accepted, the position of Minister for Foreign Affairs, and this was the only time that I had to seek leave
of absence from my university. I had the experience of being a member of the Cabinet,
of dealing with problems of the European Economic Community and addressing the
United Nations General Assembly. My period in office was very busy, especially as it
coincided with a time of particular difficulties in Anglo-Irish relations.
H. T. -

How long were you Minister for Foreign Affairs?

Less than a year, because the government was defeated in a vote on the
budget and a new general election was called. My party lost that one, but we were back
in power eight months later. I came under considerable pressure to stand for election to
the House of Deputies, the assumption being that if I got in I would be made Foreign
Minister again. However, that would have meant definitively turning my back on scientific and academic work, something I was not disposed to do. But I did stand again for
election to the Senate, and when my party was returned to power I became Government
Leader in the Senate. All this takes up a lot of time, and it is my intention not to seek
re-election for another term. Instead I want to devote myself to international scientific
affairs, my work in Galway and doing some research. I should like to be able to spend
some more time with my wife and family, but even though I have retired from University College, Dublin, I am under no illusions about having time on my hands.

J.C.I.D. -

H. T. - You have been invited to give one of the scientific lectures at the thirty-eighth
session of the Executive Council in June 1986. Have you decided what to talk about?
I was told that my subject was to be 'The influence of climate on water
resources' and so I shall try to talk about that, but the accent will probably be on the
significance of hydrology and the problems that hydrologists will have to face.

J.C.I.D. -

H. T. -

How do you manage to get through such a prodigious amount of work?

J.C.l.D.- I think to a large extent this is a matter ofhabit. Ifyou are used to working at

high pressure and for long hours, it does not tire you as much as if you only do this
spasmodically. Also, my work in politics is so completely different from my academic
work that to change from one to the other is as good as a rest. Moreover, I have the
precious gift of being able to switch instantaneously from one subject to another,
although I must admit that now I am in my sixties I do not seem to have quite the same
flexibility that I once had.
H. T. -

What are the most unforgettable episodes of your eventful life ?

J.C.I.D.- In my political life, it was when I had the tragic task as Minister for Foreign

Affairs of trying to explain to the mothers and wives of young men dying on hunger
strike in Northern Ireland why the Irish Government could not do more to intercede on
their behalf. In my scientific life, it was when I met Gennadi Kalinin for the first time in
Leningrad, and we ate smoked sturgeon and drank beer and discussed the future of
numerical models in hydrology. Unfortunately he was killed some time ago in a car
accident, but I still keep in contact with some of his proteges.
H. T. - Professor Dooge, it has been a stimulating experience to meet you again and to
conduct this interview. Thank you for agreeing to receive me, and I wish you long years
of health and strength to keep up the astonishing momentum of your diverse activities, the
sum of which will certainly be to the benefit of the international scientific community.
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Professor H. Riehl
Many well-known meteorologists of today were at one time or another students of
Professor Herbert Riehl. To introduce this interview with the man widely regarded as the
father of tropical meteorology, we asked one of them, Dr Joanne Simpson (whose own
interview appeared in the January issue), to contribute a few words about him. We are
very grateful for her immediate response. These are some of her recollections.
It is rare that any area of tropical atmospheric processes can be discussed without
reference to Riehl's pioneering and significant work on that subject. Many of the recent
exciting developments from numerical models of tropical hurricanes, for example, have
actually been based upon, or have further explored, ideas that Riehl formulated from
extremely sparse data way back in the 1940s or 1950s. He often developed his ideas
further with the original set of pioneering aircraft data collected by the USA 's National
Hurricane Research Project, started by my husband, Robert Simpson, in the mid-1950s.

Professor Herbert Riehl

My husband and I were both Ph.D. students of Professor Riehl, and also became
long-time close friends and colleagues. My earliest association with Herbert Riehl
changed my entire life, and determined the course that my research has followed ever
since. I was immensely fortunate to be a student in his first graduate course on tropical
meteorology which was given at the University of Chicago in the spring quarter of 1947.
With me in that class were many others who went on to become important contributors to
our science, among them Werner Baum, Seymour Hess, H. L. Kuo, Noel LaSeur and
T. C. Yeh. When Herbert organized this course, he had just returned from the Institute of
Tropical Meteorology which Rossby had helped to establish at the University of Puerto
Rico in San Juan. This Institute was started because ofthe importance of tropical regions
and their weather to the Allies in the Second World War; it was recognized by astute
meteorologists that the famous Bergen school techniques of cyclone and frontal analysis
did not work very well in the tropics, so Rossby wished to develop a base of knowledge
upon which to develop forecasting methods applicable to low latitudes. Herbert Riehl was
with a group of brilliant young meteorologists which also included John Bel/amy and
George Cressman. Whilst in Puerto Rico, Herbert made several landmark discoveries
which were published in the University of Chicago's famous 'Miscellaneous Reports'. The
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most memorable was, and probably still is, the report entitled 'Easterly waves and the
polar front in the tropics', a work extending the earlier pioneer work of Gordon Dunn on
the wave-like tropical disturbances which are so significant in altering the cycles between
fair and disturbed weather in the tropics, and are frequently related not only to heavy
rainfall but also to the development of tropical cyclones.
The first few weeks of his course in tropical meteorology was devoted to an enthusiastic and in-depth discussion of convection as presented in the Wyman!Woodcock
report 1• Before Riehl had completed his discussion of tropical cumulus clouds, I had
decided, in a sudden flash of recognition, that this was certainly the topic on which I
wanted to work for my Ph.D. Despite the fact that small-scale processes (such as cumulus
clouds) were far from the main focus of activity of Rossby's department at Chicago in
those days, Herb Riehl was courageous enough to say that he would be my thesis supervisor. Thus began what will soon be four decades of productive collaboration, exciting
interchange and one of the very close friendships of my life.
I did my Ph.D. dissertation on the effect of wind shear upon tropical cumulus
clouds. Wind shear produces asymmetries in entrainment and relative motion of tropical
cumuli compared with the ambient wind, as a function of the updraught and the external
wind variation with height. This led us to think that perhaps we could make some kind of
a quantitative model on how tropical cumulus behaved. It also led us to wonder what
happened to the air and its properties as it moved through the cloud and passed out the
other side, and how the clouds affected their surroundings, both in the immediate vicinity
and further away.
Riehl had available a unique data set, obtained by the U.S. Navy during the war, on
the characteristics of the air along a trade wind trajectory over the tropical Pacific extending about 500 km upwind of Hawaii. Together with Noel LaSeur and T. C. Yeh, we did
an analysis of the heat, momentum and energy budgets along this trajectory, and
deduced the importance ofcumulus clouds in lifting and weakening the trade-wind inversion as the air moved downstream. The clouds did this by overshooting and leaving portions of cloudy air in the inversion zone at the top of the convective layer. We were also
able to show that the clouds were the main vertical transporters of heat, moisture and
momentum in the cloud layer itself This papefl, published in 1951, proved to be a landmark in a number of ways.
When the National Hurricane Research Project began to get multi-aircraft data
from within tropical storms during the late 1950s, Herbert Riehl and I again had the
opportunity to collaborate, this time on one of the most exciting challenges to a tropical
meteorologist, namely how does a hurricane work, and why do so few hurricanes develop
when there are so many tropical cloud clusters? Together, we evolved the 'hot tower'
hypothesis which concerns the role of giant cumulonimbus clouds in the hurricane core
accomplishing the transfer of warm moist sub-cloud air to great heights, thereby permitting the pressure fall in the hurricane core and playing a crucial 'firebox' role in maintaining the storm system. We were also able to evolve a simplified model of the hurricane
irif/ow layer that emphasized the importance of enhanced jluxes of heat and moisture
from the ocean to the atmosphere, which must exist in order for the storm to develop the
low-pressure centre. Our work culminated in a papef3 in a volume celebrating Erik
1 Convective motion in air over the sea. Annals of the New York Academy of Sciences 48 (8)
pp. 749-776.
2

The north-east trade of the Pacific Ocean. Quart. J. Roy. Meteor. Soc. 77 (334) pp. 598-626

(1951).
3
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On the heat balance in the equatorial trough zone. Geophysica 6 3/4, Helsinki (1958).

Palmen's sixtieth birthday in 1957, which has led both to exciting controversies and to
considerable enlightenment concerning how the Hadley cell circulation works, and how
the cumulus towers play a firebox role in this circulation and its export of energy to
higher latitudes. It is also interesting to note that Riehl was able to repeat these calculations with the much more sophisticated data available in the 1970s, including satellite
data and direct information on the ocean circulations which were not available before.
However, much of our theory has recently been confirmed at a still more sophisticated
level by an elegant theoretical and numerical modelling study by Professor Kerry Emanuel at MIT. In 1979, we again published a paper together entitled 'On the heat balance of
the equatorial trough revisited 4 which showed, on a much stronger basis, the role of the
hot towers and also the role of recirculation of air by means of cumulus downdraughts,
which we had introduced only as a rough hypothesis in our work of the 1950s.
In addition to his remarkable series of papers on tropical meteorology, Riehl was
also a pioneer in studying the sub-tropical and polar jet streams. One of Riehl's larger
contributions to atmospheric science is his beautiful series of books, the first of which was
published in 1954 under the title Tropical Meteorology 5, to which people still refer in
almost every area of tropical research. This was followed by a sequel entitled Climate and
Weather in the Tropics 6. In addition, Riehl has published an elementary textbook on
atmospheric circulations, and, together with my husband, The Hurricane and its
lmpact7. This was written for the research meteorologist, the practical forecaster and the
engineer interested in the causes of damage and destruction by tropical hurricanes.
Many of Riehl's other graduate students went on to do valuable work and to produce significant contributions in tropical meteorology themselves. Outstanding among
these are Professors W. M. Gray, C. L. Jordan, T. N. Krishnamurti and N. LaSeur.
Krishnamurti is leading a group at Florida State University concerned with large-scale
flows in the tropics, the Walker circulation and its relation to El Nifio events. He won the
Carl-Gustav Rossby Research Medal in 1984. Professor Gray is probably the most prolific
producer of excellent graduate students in tropical meteorology today. He and his students are carrying forward and modifying many of Riehl's early ideas on the genesis and
development of tropical storms and other important tropical atmospheric processes.
Perhaps Herbert Riehl's greatest achievement was the establishment of the Department of Atmospheric Science at Colorado State University in Fort Co/lins. He began it
essentially from scratch and developed it into one of the leading atmospheric science
departments in the USA. Thanks largely to Riehl's student, Bill Gray, this remains probably the most outstanding department for training young people in tropical meteorology
today. However, it also has many other strong disciplines.
Although my relationship with Herbert has undergone a few stormy passages with
heated arguments regarding how different parts of the tropical atmosphere work, we have
been close friends since 1947. A particularly warm memory concerns the courses in linguistics that he and I took together under ProfessorS. I. Hayakawa at the University of
Chicago. Many of his colleagues try to keep up with him as he scales the mountains of the
world, including quite recently some summits in the Himalayas.
We are most grateful to Professor Riehlfor the interview he gave to Dr H. Taba in
Boulder on 4 November 1983.
4

Contributions to Atmospheric Physics 54 (4) pp. 287-305, Wiesbaden (1980).

5

McGraw-Hill Publishing Co. Ltd., New York (1954).

6

Academic Press, London (1979).

7

Louisiana State University Press, Baton Rouge (1981).
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H. T. - Professor Riehl, please would you start by telling me about your childhood and
education?
H.R.- I was born at Munich in the German land of Bavaria in March 1915. Shortly
after that my father was killed in action in the First World War so that I grew up with
my mother and grandmother, until my mother remarried when I was ten years old.
Then we moved to Heidelberg and later to Berlin. Because my parents wished me to
become a banker or something respectable of that nature, I was sent to a Humanistisches Gymnasium-a college where the accent is on classics-in spite of my expressed
preference for an Oberrea!schule where one learns modern subjects. It was not until my
last two years in Berlin that I was able to cross over to join a class in higher mathematics. As it happened, the four or five of us who did this late transfer all came top of the
class, a fact attributed to our background in logic and languages. I graduated abitur
(qualifying for university) in March 1933, and the same year we emigrated to the United
States of America.
H.T.- Were you able to join a university straight away?

H.R.- I followed various courses in New York whilst working for my uncle's brokerage firm. Then, as it became apparent that war was coming, the United States Government started offering special university technical courses for those with the necessary
basic qualifications. I applied for a course in electrical engineering but was told that I
was too late; there were no more vacancies. However, they said that one place was still
available at New York University in a course on meteorology, whatever that was. The
head of the new and upcoming university department was Professor Athelstan Spilhaus,
and, after a talk with him, I decided to enroll. We were about 15 students in that one· year course in 1940/41. It led to my obtaining a Master's degree.
H. T. -

What was the next step?

H.R.- I went as replacement instructor to the University of Washington at Seattle for
one year. Then Professor Carl-Gustav Rossby arranged for me to be assistant instructor
at his Institute (soon to become Department) of Meteorology at the University of Chicago. Initially it was to be for six months, but as things turned out I stayed with the
University until 1960.
H. T. - When did you turn your attention to tropical meteorology, because of course that
is the subject in which your name is particularly famous?

H.R.- The United States Army Air Corps (as it was then known) called for a school in
tropical meteorology because all the training courses available in the early 1940s were
oriented to mid-latitude weather systems and the Bergen school concepts; little or nothing was known in the USA about weather processes in equatorial regions. Rossby
decided to take up this challenge, and arrangements were made for the University of
Chicago to establish and run an institute of tropical meteorology on the premises of the
University of Puerto Rico. It happened that I had started to take an interest in the
tropics quite early on in my association with Rossby's group, and so I was one of the
people assigned to the new institute. The others were Clarence Palmer from New Zealand, who was the first director; Gordon Dunn, an expert on hurricanes; Dave Fultz
and John Bellamy from the University of Chicago; and a Mr McDowell, not really a
meteorologist, who went down to see to the management side of things. In the course of
time we had a few military instructors who came and went. I was in Puerto Rico for a
total of about two years, and was director of the institute for the last year. After the war
there was no more funding, and the University of Chicago had to pull out of Puerto
Rico. Mr McDowell stayed on, but the rest of us went our various ways; I returned to
Chicago as an assistant professor.
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H. T. - Were you able to do much research on tropical meteorology when you were in
Puerto Rico ?
H.R.- It was not easy to do organized research in wartime; there was so much secrecy
that it was almost impossible to gather enough data. But the fact of being there and
experiencing the weather first hand taught us quite a lot. For instance, on my very first
evening in San Juan we went out for a stroll after dinner; it was a warm tropical night
with just some nice rounded cumulus along the shore. One of these harmless-looking
clouds passed overhead; suddenly there was a roar, and we were caught in a deluge of
rain and soaked to the skin. This amazed us because we had been taught that clouds
which did not reach the freezing level could not produce any precipitation, except perhaps a little drizzle, and yet here were these active shower clouds which could not possibly reach to levels colder than about +lO'C. That was one characteristic of tropical
weather that we learnt by experience. I also remember the line of constant showers lying
in the axis of the trade winds which blow from ESE to WNW over Puerto Rico. Convection was initiated by some feature in the east, and the cumulus were carried across
the island giving heavy rain in a band about three to four kilometres wide, with clear
blue sky on either side. This lasted some four hours, the total precipitation at a point
under the clouds measuring something like 180 mm. It was possible to see the rotation
of the cloud bank, which rather resembled a horizontal tornado in slow motion. As I
said, meteorological data were scanty and it was difficult to obtain a good three-dimensional description of weather systems. To begin with, we had radiosondes for upper-air
temperature and humidity soundings and pilot balloons for windfinding, then radar was
introduced with consequent improvements in upper-wind data, and finally the full
rawinsonde came in, although the war was over by the time we could benefit from this.
Even with the few upper-wind measurements we had, we were able to establish a wavelike structure associated with the low-pressure disturbances marching from east to west,
and Bellamy also investigated diurnal variations in the upper atmosphere by making
three-hourly soundings over a period of one month.
H. T.- When you returned to Chicago in 1946 with all this experience, was most of your
teaching in tropical meteorology?
H.R. - No. I was teaching in all branches except theoretical meteorology. I also
obtained my Ph.D. in 1947. It was at this time that Professor Palmen came over from
Finland to work with Rossby on the jet stream structure, and of course the rest of us
junior professors and instructors fell in step behind the leaders in this investigation. The
research papers on the jet stream put out at that time were all fundamentally correct;
progress in technology has permitted us to refine our theories, but none were proved
wrong. I arranged for some of the first flights into the jet stream in 1952 and 1953 which
gave us wind profiles through the jets and other details. But I was still able to devote
some time to studying the behaviour of cumulus clouds over tropical seas, the Caribbean in particular. It is often said that to study the meteorology of the tropics you must
live there. My view is that, with well-planned and well-executed expeditions in the
tropics, it is possible to work up very good results elsewhere, usually with much better
facilities than are available in situ. Having said that, I must add that I am extremely
pleased to see that nowadays more and more resources are being provided to support
research at institutions in tropical countries.
H. T. -

When did you write your first book on tropical meteorology?

H.R. - I started it in 1952 and it came out in 1954. Here again, I do not believe that
much of its theory is out of date, even though some of the content may have been
overtaken by events in observational technology. In many cases, modem observations
have borne out the basic theory.
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H. T. -

I suppose there was very little other literature on tropical meteorology at that

time?
H.R. - I had to go through at least 2000 reports which had been written in various
parts of the world, and I have several hundred references in that first book. The Dutch
had been quite active; a lot of work had been done in the Indonesian region, where the
Southern Oscillation was already recognized as a phenomenon. Then there were many
reports from India, and quite a lot of pre-war German material. I remember well the
controversy on the subject of typhoons between two ecclesiastical gentlemen in the
orient: Father C. E. Deppermann in Manila and Father E. Gherzi at the Xujiahui
Observatory in Shanghai (I met Father Gherzi after the war; a tall gaunt figure striding
around those enormous buildings).

Santo Domingo, February 1956 - A Caribbean Hurricane Seminar was held at Ciudad
Trujillo (now Santo Domingo) at which Professor Riehl was a lecturer. He is third from the
left in the front row. The then Secretary-General ofWMO, Mr D. A. Davies, is seventh from
the left; just behind and to the left of him is Professor Erik Palmen, and the tall gentleman to
the left of Professor Palmen is Father E. Gherzi. (This picture was first reproduced with a key
to identify each participant in the WMO Bulletin 5 (2) p. 43)

H. T. -

What was it that made you leave Chicago to go to Colorado State University

in 1960?
It was the desire to start something new. The proximity of the Rockies to Fort
Collins was also an attraction because I have always been very fond of mountains. But
another reason was that, after Rossby had gone back to Sweden, his department of
meteorology was combined with geology into a geophysical department. I felt that there
would not be the same future for me in meteorology in Chicago any more. Back in 1950
I had made the acquaintance ofDr Waiter Orr Roberts, a solar astronomer who was in
charge of what was then called the High Altitude Observatory of the University of
Colorado at Boulder. At his invitation I spent the summer of 1955 at the Observatory
(I think I was the first meteorologist to go there), and I gave a short course in meteorology. One of the rather bizarre things we tried to do was to forecast the motion of
disturbances on the surface of the sun, extrapolating on the basis of one day on the
surface of the sun being equal to 27 Earth days.

H.R. -

H.T. -The National Center for Atmospheric Research did not exist in those days, of

course. How did it come into being ?
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H.R. - The universities in the USA came to realize that, individually, their departments of meteorology would not be able to produce the arrays of observational data
required for future research in atmospheric sciences. So it was decided to get together
and pool material and intellectual resources in what is called the University Corporation for Atmospheric Research (UCAR); I believe this plan ripened in about 1958, and
NCAR came into being in 1960 at Boulder, with Dr Roberts as its first director.
H.T.- How did you establish contact with Colorado State University?
H.R. - Fort Collins is barely an hour's drive by car from Boulder, and during that
summer of 1955 I paid a visit to the CSU and met some of the civil engineers who were
interested in modelling atmospheric flow using their large wind tunnels. I went again
two years later, at which time they were modelling the flow over and downstream of
Longs Peak (4346 m) to see whether they could relate this to severe hailstorms over the
Great Plains. They were also keen to stimulate interest in the potential of cloud seeding,
and were doing some experimental work with ground burners in eastern Colorado. Now
some of my happiest memories are of working with Dave Fultz and the rotating dishpan
in the hydrodynamics laboratory at Chicago; it was a pity that funding for this dried up
with the advent of numerical modelling. Dave and I had published some results which
were highly relevant to what they were doing at CSU8. So one thing led to another, and
they asked me whether I would like to start up an institute of meteorology within the
department of civil engineering, which was a particularly strong one at CSU. As I said
earlier, I was ready for this sort of challenge, and so accepted.

Geneva, autumn 1959 - Professor Riehl
paid a visit to the WMO headquarters (then
still in its old home at Campagne Rigot) and
gave a talk to the staff of the Secretariat on
modern trends in meteorological research

H. T. er?

So you went to Fort Collins the same year that NCAR was created at Bould-

H.R.- I would rather have gone to the University of Colorado in Boulder, but I can
see now that it would not have been a good thing to have a university meteorological
department at the same place as a large national weather research centre. In any case,
the solar physicists at Boulder were against a meteorological department because they
8

See, for example, 'Jet stream and long waves in a steady rotating dishpan experiment'.

Quart. J. Roy. Meteor. Soc. 83 pp. 215-231 (1957); ibid. 84 pp. 389-417 (1958).
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feared it would become the tail that wagged the dog. On the other hand, at CSU the
question of interdisciplinary competition did not arise. I was able to build up the institute virtually from scratch. The first year we started out with five faculty members and
three students, and by the end of the year only one student was left, Jim Rasmussen by
name 9. But things quickly improved, and the institute in due course became a department in its own right. I believe that when I left the student/teacher ratio was about eight.
The course in meteorology is more general than in most other universities, and in deference to CSU's particular field of specialization I arranged some auxiliary courses for
civil engineers. It is true that, being the state university, we might have specialized more
in aspects related to local natural resources such as agrometeorology and mountain
meteorology, but we were unable to raise enough interest and support from the sectors
concerned. For instance, I had been very impressed by Vincent Schaefer's 'Skyfire' project in Montana, the aim of which was to reduce forest fires by suppressing cloudto-ground lightning strokes through seeding cumulonimbus, but forestry people in
Washington were not interested enough to support us.
H. T. -

Did you carry on your work in tropical meteorology at Fort Collins?

H.R. -Yes, and strangely enough I seemed to get my best ideas when walking on the

continental divide in the tundra-like environment so different from that of the tropics.
The CSU was, and still is, quite strong in tropical meteorology. I am proud to say that
graduates from the department are found in important positions in the USA and elsewhere throughout the world; it has made an excellent reputation for itself.
H. T. -

Why did you step down as department head in 1968?

On the whole, I do not think it is a good thing for someone to remain in the
same position of administrative authority for too long a period. It is considered enough
for a President of the USA to serve for two four-year terms in succession, and Rossby
himself set the example by moving on to seek new stimulation every few years. When I
joined CSU I had warned them that I would want to go once I felt my department was
running smoothly in top gear. After eight years I was satisfied that this was the case, so I
decided to make way for some younger man like Elmer Reiter, and I am glad I did.
However, I stayed on at CSU for five more years as a professor.
H.R. -

H. T. -

In 1972 you went back to Europe and took up a post at the Free University of
Berlin. What motivated this move, and what were your impressions ?
I had often wondered how it would be to go back to my native country for an
extended period. At Fort Collins I began to feel that even as a professor I was perhaps
outgrowing my usefulness. Then I heard of the sudden death of Professor R. Scherhag,
and was offered his post as director of the Institute for Meteorology and Geophysics at
the Free University of Berlin. I was very hesitant to take this step, bearing in mind the
American author Thomas Wolfe's warning against returning to reside in one's former
homeland, and in actual fact I should have preferred to go back to where my roots lay in
Munich (there was also a vacancy there), but the age limit in Munich was lower than in
Berlin and I had already passed it. So after much thought I decided to accept the Berlin
post, but it did not turn out to be a very wise move. The universities in the Federal
Republic of Germany were no longer ruled by the professors but by omnifarious councils, though the professors were still blamed for all the shortcomings. The Free University of Berlin carried this notion to an extreme, and I found myself in an impossible
position; I was supposed to tell the students what to do, but they were perfectly at
H.R. -

9
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liberty to tell me to go to hell, and frequently did so. After three years I came back to the
USA on a six-month sabbatical, and, without any prompting on my part, the people at
NCAR in Boulder asked whether I would not stay on with them to work in tropical
meteorology. That solved my problem admirably, and so I joined NCAR until their
tropical meteorology activities terminated in 1978.

H. T. -

Were you able to stay on in Boulder after that?

H.R.- Although the University of Colorado in Boulder has no meteorological department as such, there is what is called the Co-operative Institute for Research in Environmental Sciences (CIRES), through which NOAA can engage scientists to work at the
University on specific projects without the need to take them on the payroll of the
federal civil service. Through CIRES I was taken on to do some work on hurricanes and

Nairobi, February 1974- Participants in an international meeting on tropical meteorology
organized by the American Meteorological Society. Professor Riehl is fourth from the right
in the front row. Professor G. 0. P. Obasi, now Secretary-General of WMO, is fourth from
the right in the second row

on synoptic situations and atmospheric structures that would most favour successful
attempts at weather modification. It was at this time that field observations were starting in north-western Spain in the context of the Precipitation Enhancement Project, to
establish whether the atmospheric regime in spring was suitable for a meaningful cloudseeding experiment. I spent a very profitable time at Madrid and Valladolid during two
seasons of these investigations. I found some interesting relationships between lines of
cloud and the long synoptic waves in the westerlies: the cloud-lines kept moving backwards towards the waves, which was in agreement with the sense of the vertical wind
shear present. As you know, further PEP activities fell a victim of the recent world
financial difficulties, and my work terminated early in 1982. Since then I have been
mainly engaged in consultancy work for South American countries concerning weather
and climate in relation to water resources.

H. T. -

Have you done much research on the atmospheric water cycle?

H.R. - My activities in that field date back to the late 1950s. In association with
Professor Byers, I was engaged in estimating probable precipitation amounts in the
catchment of a river in the Venezuelan Andes, information that was required by a
Denver engineering firm in connection with building a dam for a reservoir. There have
been innumerable similar studies, but more recently, and especially since the very
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strong El Nifio!Southern Oscillation event of 1982/83 with its consequences on rainfall
distribution, the accent has shifted towards long-range forecasting of whether the next
rainy season will produce an excess or deficit of precipitation.
H. T. - I understand that you once did some work on climatic variations. What precisely
was the problem you tackled?

H.R. - This was a very brief sideline that I would have liked to pursue further, and
which owed its origin to my presence in Cairo for the WMO Technical Conference on
GATE Data Utilization in December 1977. Many years before, I had developed an
interest in historical records of the discharge of the Colorado River. Perhaps you know
that in the early 1920s a pact was drawn up apportioning water supplies from the river
among the western states of the USA. However, at that time rainfall amounts in the
Colorado basin were substantially higher than they proved to be in the ensuing halfcentury, so that the allocation of water came to pose serious problems. Since about 1980
there has been a return to a higher flow regime, but of course we do not know whether
this is indicative of a long-term trend or simply a hiccup. So, against that background, I
was very interested in records of the Nile, and found a report commissioned by President Roosevelt during the severe American drought of the mid-1930s which presented
an account of the flow of the Nile back to A.D. 622. Several scientists have worked on the
historical records of the Nile, including Eric Kraus of the USA. Kraus showed that,
whereas flows in the nineteenth century had been relatively high, there was an abrupt
change at the turn of the century to a drier regime which continued up to the time he
wrote his papers 10 • During my stay in Egypt I was able to visit Aswan and obtain some
more recent data on flow levels which confirmed that the dry regime was in all likelihood still going on in 1980. As I said, I hope I shall be able to get back to this type of
work sometime.
H. T. tion?

Have any other branches of atmospheric science attracted your particular atten-

H.R. - Back in the early 1960s, people began raising the alarm about air pollution
which was sometimes very bad around Denver. The National Institute of Health collaborated with my department in setting up a network of stations in and around the city to
measure wind, temperature and particulates. After a few years we had enough data to be
able to malce short-term predictions of pollution levels in various parts ofDenver. Also,
on a climatological time scale it became clear that northern suburbs were the most
heavily polluted. The data were extremely useful for urban planning purposes; they
showed that further developments should not be close to the mountains, and that the
best layout was along a line east-west since the prevailing winds were either southerly or
northerly.
H. T. - With your long experience of meteorological education and research in universities, what can you say about the evolution over the years ?
H.R. - The greatest change is due to the computer of course. It is natural that departments of meteorology respond to their students' main interests, and this inevitably
pushed them a long way out into the domain of programming, that being currently the
primary pole of attraction. So much so that many a university professor has expressed
concern that students can hardly recognize a weather map if they see one; they are too
wrapped up in equations and computer programs. It seems that the old style of
meteorological data analysis has little appeal. But I am glad to say that universities
continue attempting to teach students about physical processes in the atmosphere, and
10
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it cannot be denied that there has been great progress thanks to the computer; we can
now arrive at non-linear solutions whereas previously they had to be linear.

H. T. - You regard the students' loss of 'feeling' for the weather as a handicap?
H.R. - I do, and I am not alone. Certainly the medium-range numerical prognostic
charts put out by the major meteorological centres are a great help for general indications. But we have not yet mastered the art of knowing whether it will actually rain at a
certain point at a certain time. To be fair, great strides have been made, for instance in
forecasting the severe winter storms which affect many areas; we are no longer caught
unawares as often used to be the case. But there is a very real danger that the younger
generation brought up in the computer age will write highly convincing programs which
are nevertheless at variance with reality, because the fundamental understanding-largely the fruit of experience-is not there. The computer should be
regarded as a tool to deal expeditiously with all the data, but not as an end in itself
H. T. - Have you any idea how many papers you have written?
H.R.- Somewhere between one and two hundred. One is led to ask oneself whether so
much writing was really necessary; at the time one was kindled into action by the
excitement of perhaps having found something, and of course we have witnessed a publications explosion in scientific matters. But all things considered, I think this is a good
thing. It is much better to come out in the open rather than to shelve your ideas and
then grumble when someone else publishes the conclusions you had already reached.
H. T. - Which of the many honours you have received brought you the greatest personal
satisfaction?
H.R. - I was very pleased to receive the Losey Award of the American Institute for
Aeronautics and Astronautics in 1962, and highly gratified to be chosen for the CarlGustav Rossby Research Medal in 1979. But I think the one I cherished most was my
first: the AMS Meisinger Award in 1948. The announcement was made at a meeting in
San Francisco, and I shall never forget the tremendous party we had at a hostelry there
to celebrate.
H. T. - Professor Riehl, thank you very much indeed for this very informative and
interesting interview. I hope you will continue to enjoy your remarkable physical and
intellectual vigour for many long years to come.
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Professor R. V. Garcia
Mexico, officially known as the United Mexican States, is a federal republic covering an area of nearly two million square kilometres and having a population of more
than 80 million. About half of the area lies to the north and half to the south of the Tropic
of Cancer, so that the country lies in the northern hemisphere dry zone and water supplies
are scarce, espedally in the desertic northern regions. Also much of the terrain is an
elevated plateau interspersed with volcanoes, mountain ranges, bolsons, canyons and valleys. Vegetation ranges from cactus and cassava in the arid northern parts to tropical
forests and mangrove swamps in low-lying southern areas, which includes the Yucatan.
There are few important rivers because rainfall percolates through the limestone. Cold
fronts invade northern, central and eastern regions in winter bringing marked falls in
temperature and a certain amount of rain, but the primary rainy season is from May to
September, sometimes extended by the effects of tropical cyclones into October. Temperatures are mainly determined by altitude.

Professor Rolando Garcia

Thus Mexico City, lying at about 2240 m and far removed from either the Pacific or
the Gulf of Mexico coastlines, enjoys equable temperatures throughout the year. It is one
of the world's fastest-growing cities, and indeed most of the nation's economic activities
are concentrated in and around the metropolis, which is regarded as the main-centre-of----- Latin-American culture. The two primary institutions of higher education are the Universidad Nacional Aut6noma de Mexico and the Instituto Politecnico Nacional. The university campus is located to the south of the city, and its buildings are beautifully decorated
with murals by Diego Rivera and other artists. Near the campus there is a building housing the Institute's Section for Methodology and Theory of Science. Dr H. Taba travelled
there in order to interview Professor R. V. Garcia on behalf of the WMO Bulletin.
Rolando Garcfa was the youngest of three boys born to modest schoolteachers in
provincial Argentina. His father died in 1924 when Rolando was only five years old, so
that his mother had a very hard time taking care of her family and earning their keep at
the same time. Her ambition was to see Rolando follow his parents' footsteps in the
teaching profession, and by great sacrifice and effort managed to send him to the appropriate secondary school. Thanks to the spirit of solidarity among the teachers there who
realized that he was a truly gifted pupil, he was able to complete the course even though
his mother's resources could no longer support his education. Thus at the early age of 17
he took on the job of teacher at an elementary school in an insalubrious suburb of Buenos
Aires. That permitted him to continue studying and to qualify as a secondary school
science teacher.
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He had obtained excellent results in all his examinations and, moreover, he had a
strong desire to go on studying in science and philosophy. He therefore enrolled at the
University of Buenos Aires and became active in the students' union. In 1943 there was a
military coup d'etat in Argentina and the students occupied the university in protest
against the authoritarianism of the new government. Because of these activities, Garcia
and many others found themselves expelled from the university.
Being thus branded as a potential 'agitator', he was quite surprised when his application to join the National Meteorological Service was accepted. After about a year during which he was given some basic training in the functions of the Service, Garda was
selected as one of a small group to go to the USA or the United Kingdom with a scholarship in meteorology. At the University of Chicago he found himself in company with the
renowned Car!- Gustav Rossby, and also met Erik Palm~n and Jule Charney. When
Rossby returned to Sweden, Garcia and one of his compatriots had themselves transferred
to the University of California at Los Angeles, and here he embarked upon his long
association and friendship with Professor Jorgen Holmboe. Although his scholarship was
strictly to study meteorology, Rolando Garcia found the means and the time to attend
courses on logic and the philosophy of science both at Chicago and at UCLA.
It was at UCLA that Garciafirst made his mark in meteorology by demonstrating
that instability generated by wind shear in the jet stream had been responsible for a heavy
snowfall over eastern parts of the USA at Christmas 1947 that the Weather Bureau had
not forecast. His scholarship expired when he obtained his Master's degree, but Holmboe
arranged for him to stay on to work for his Ph.D. Domestic reasons forced him to interrupt this to return to work in the National Meteorological Service ofArgentina, but after a
year he was back in UCLA and got his Ph.D. in 1952. He then accepted an offer by ICAO
to go to Montreal to write some technical papers for discussion at an important conference, but at Holmboe's instigation returned as assistant professor at UCLA when it was
over.
Early one morning in 1955, Dr Garda heard that there had been another coup
d'etat in Argentina. The new government promised to reorganize the universities and get
the best people in. Garda thereupon took leave of absence from UCLA and went back to
his home country where he was given responsibility for building up a new university at
Bahia Blanca. A short while later the Minister ofAeronautics prevailed upon him to take
over the National Meteorological Service and reorganize it to give better support to aviation. Early in 1957, Dr Garda became acting president of the Regional Association for
South America, and in that capacity attended the ninth session of the Executive Committee. At home he contrived to establish a skeleton network of radiosonde and rawin stations which was the most urgent requirement. Shortly afterwards he resigned from the
Meteorological Service on being appointed Dean of the Faculty of Sciences at the University of Buenos Aires. The next ten years was a period of herculean labour, but the fruits of
his efforts were plain to see: the Faculty came to be regarded as the finest scientific institution in Latin America.
Alas, political events in Argentina intervened once more. Following yet another
coup d'etat the university was brutally taken over by the military forces in what came to
be known as the 'Night of the Long Sticks'. Professor Garda and numerous other faculty
members suffered bodily injuries. The outside world, and particularly the scientific community, was outraged and sent messages of protest. However, the deed was done, and
what was Argentina's loss in academic science turned out to be a gain for meteorologists
since Rolando Garda agreed to involve himself in an unprecedented exercise in joint
collaboration between the governmental and academic meteorological communities, the
Global Atmospheric Research Programme. This led to his appointment as Director of the
Joint Planning Staff which was eo-located with the WMO Secretariat in Geneva.
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Rolando Garda's wife, Emilia, had graduated in psychology from the University of
Buenos Aires and lost no time in enrolling in courses at the University of Geneva under
the eminent Professor Jean Piaget of world renown, especially for his studies into the
cognitive development of children. It was not long before Rolando himself was converted
to Piaget's views about the theory of learning. A collaboration between t/ze two produced
several papers and books. But at the same time, Garcia was energetically transforming
GARP from a concept to a reality.
In spite of being so fully occupied in Oeneva, Professor Garda's thoughts were never
far from his motherland, and he kept a sensitive finger on the political pulse in Argentina.
The turn of events encouraged him to return to South America in 1971, but once more
this proved to be anything but definitive, and in 1976 he was back in Geneva, this time to
conduct a study for the International Federation of Institutes for Advanced Studies into
the real reasons for the disastrous consequences of the 1968-1972 drought in Africa. This
resulted in the publication of three volumes under the general title Drought and man:
The 1972 case study, plus a paper Food systems and society: A conceptual and methodological challenge, written for the United Nations Research Institute for Social Development.
On being invited to Mexico City as visiting professor, Garcia embarked on a project
to apply this conceptual approach. Since 1984 he has been leading a group in the
Research and Advanced Studies Centre of the Instituto Politecnico Nacional, working on
problems of methodology and the theory of science.
Naturally, Dr Taba had become acquainted with Professor Garcia during the latter's term of office as Director of the Joint Planning Staff, but he says that it was only
through this interview that Garcia 's personality really came through. Dr Taba remarks
that there can be few, if any, gifted meteorologists who have followed such a disturbed
career. Professor Garcia inspires admiration for his brilliant intellect, his capacity for
hard work and his determination to strive for what he knows is right. He eschews the easy
life. Rolando has been fortunate in that his wife, Dr Emilia Garcia, shared his ideals and
gave him moral support through the bad times as well as the good. Their two young
children appear to have inherited Rolando and Emflia's outstanding intelligence.
The following interview took place in Mexico City on 11 July 1986.

H. T. -Professor Garcia, you were born on 20 February 1919. Please would you tell me
something about your family and your childhood?

R. V. G.- My parents were both schoolteachers, although neither of them had a degree,
and they lived in the town of Azul, almost 300 km south-west of Buenos Aires at the
edge of the pampa. I had two elder brothers. Both grandparents on my mother's side
had immigrated from France and lived the life of the very poor in the south of the
province of Buenos Aires. After a few years in Azul we moved up to the city of Buenos
Aires, and I was only five years old when my father died. My mother therefore had a
very difficult life; it was only thanks to her continuing to go out to work that my brothers and I could be sent to primary school. When I had finished that stage, she made a
still greater effort and managed to send me to what was called the 'normal' school for
the course which would qualify me as an elementary schoolteacher. I was one of only 40
out of 400 who passed the entrance examination. Things went well for about two years,
but then my mother broke the news to me: she could not continue to support my
studies, and I would have to find a job.
H. T. -

How old were you then?
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R. V. G. - I was not yet 15. I missed a couple of days and then went back to the school
to say goodbye. One of the teachers saw me and asked what had happened, and when I
told him about the situation he said that a pupil with my potential could not possibly
finish his schooling like that. He asked to see my mother, and the result was that he and
the other teachers arranged to give me free private lessons so that I could complete the
course and qualify as teacher at an elementary school. I owe my whole career to the
generosity of that teacher and his colleagues.
H. T. -

Did you have any difficulty getting a post?

R. V. G. -During my latter period at school I had given some private tuition to a few

children, and through the grateful parents of one of them I got a temporary appointment
at an elementary school in a very poor district of Buenos Aires; my colleagues there told
me it was very dangerous to go out alone in that area. By now my brothers were away
finding what jobs they could, and I was alone with my mother. In these circumstances
my teacher's pay made me feel quite rich, and so I decided to enroll in a three-year
course to enable me to teach science at secondary-school level. I worked half time
teaching and half time as student, but by studying evenings and early mornings I was
able to pass with good marks at the end of the three years, being then not quite 20 years
old.
H. T. -

I suppose you then became a full-time secondary school teacher?

R. V. G. - I really enjoyed studying and felt that I wanted to go on whilst I could.
Therefore I taught science for a few hours a week at a secondary school and enrolled at
the University of Buenos Aires for a course in philosophy. However, with my education
in science I quickly became appalled at the vagueness, the lack of precision, the speculation and the lecturers who themselves had not the least scientific background. I
discovered for the first time that speculative philosophy without scientific input gets
you nowhere in studying the theory of knowledge and learning. Therefore, after a few
months I dropped philosophy and instead was enrolled at the Faculty of Sciences to
study physics and mathematics. There was an active students' union at the University
and I became secretary of one of the groups. Soon after starting my university course my
mother had to stop working and I became the only breadwinner, which left me less time
for studying. Nevertheless, I managed to make good headway until there was a military
coup d'etat in Argentina in 1943. We occupied the campus in protest against the intervention of the new government in the university's affairs, and the result was that
everyone connected with the students' movement was thrown out.
H. T. -

What happened next?

R. V. G. - A colleague who had followed a similar career to my own showed me an
announcement to the effect that the National Meteorological Service was seeking to
recruit staff with a good background in mathematics and physics. I was sure there would
be no hope for a candidate who had just been sent down from university and I did not
think it worth applying, but at my colleague's insistence I sent in an application and
immediately forgot all about it. Some six months later I was very surprised to receive a
telegram asking me to go for an interview. It was with one of the deputy directors of the
Service, a very good man ofltalian origin called Camilo di Corletto. When I pointed out
that I had been expelled from university, he laughed and assured me that the Meteorological Service was interested only in my scientific and technical abilities and not in my
political history, and the interview went ahead on that basis. A few days later I had
another telegram saying' that I was accepted, and asking me to report to the Meteorolog-
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ical Service headquarters. Thus it was that I started my career in meteorology in a group
with people whose names may be familiar to some of your readers: Hector Grandoso
and Eduardo Nuiiez, to name two of them.

H. T. -Did the Meteorological Service of Argentina have its own school for meteorologists then?
R. V. G.- The only course available was one for observers, and the universities did not
offer anything. So most of us were put in the forecast office to plot charts and take down
bulletins dictated by senior forecasters. The Director-General of the Meteorological Service at that time was Ingeniero Hector Galmarini who was quite well known in IMO
circles. Because he had no highly-qualified Argentine meteorologists he recruited a few
from abroad, mostly from Europe. The head of the forecast office was a Norwegian
called AlfMaurstad, and he was my first contact with the Bergen school of meteorologists. He was rather a singular character; he knew his job and had a brilliant physical
intuition, but was rather intransigent. The forecast office was lit artificially, there were
no windows to the outside, and I remember an occasion when Maurstad dictated a
forecast of clear skies and fine weather. I had some doubts and went along a corridor to
where there was a window and saw that it was raining heavily outside. I reported this to
Maurstad who had another look at the chart, reaffirmed that rain was impossible, and
made me issue his forecast.

H. T. - I imagine you were supposed to learn the theory from the available literature.
Which books did you have?
R. V. G.- My introduction to dynamic meteorology was the book by Haurwitz 1, but we
also made some incursions into Brunt's work2, although the latter was considered a
difficult book for people who were not very well acquainted with the subject. Then in
1946 a few of us were selected as apt to go abroad to study with scholarships. I believe
there were three who went to London and four to the USA. Grandoso and I were in the
latter group; we went to the University of Chicago and soon found ourselves captivated
by the head of the Department of Meteorology, Professor C.-G. Rossby. By good fortune Erik Palmen was a visiting professor at Chicago at that time, and moreover Rossby
intercepted J ule Charney who had just completed his Ph.D thesis 3 at the University of
California at Los Angeles and was supposed to be going to Oslo on a Guggenheim
fellowship; Rossby made him stay a whole semester at Chicago to teach his course in
advanced dynamic meteorology. So we benefited enormously from being instructed by
those at the forefront of research in dynamic meteorology, learning new facts only a few
weeks after they had been discovered. I think that Rossby with his profound understanding oflarge-scale atmospheric dynamics and Palmen with his extraordinary insight
into the physical processes made a team unique in the history of research in
meteorology.
H. T. - You then went to the University of California at Los Angeles. What was the
reason for the move?

R. V. G.- Charney very soon left Chicago, and Rossby decided to return to Stockholm
in 1947. Although the year there had been exciting and thoroughly satisfactory, the
prospect of the departure of these two, and Palmen as well, made the Department of
1 HAuRWITZ, B. (1941): Dynamic Meteorology. McGraw-Hill.
2 BRUNT, D. (1939): Physical and Dynamical Meteorology. Cambridge Univ. Press.
3 CHARNEY, J. G. (1947): The dynamics oflong waves in a baroclinic westerly current. Journal of
Meteorology 4 (5) pp.135-162.
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Meteorology at Chicago seem infinitely less attractive. That was one reason. The other
was that Grandoso and I felt that the approach to both synoptic and dynamic meteorology fostered at UCLA by Jakob Bjerknes and Jorgen Holmboe was more relevant to
our problems in Argentina than the large-scale dynamics which had made Chicago so
famous. Our request for a transfer was granted, and we moved down to California for
the beginning ofthe 1947/48 year. Professor Holmboe was the leading figure in dynamic
meteorology at UCLA, and he and Bjerknes taught me a tremendous amount. Needless
to say I continued to read avidly about atmospheric dynamics to build on what I had
learnt in Chicago.
H. T. -

What about your interest in philosophy?

R. V. G.- When I arrived at Chicago with my scholarship, it was the first time since the
age of 14 that I halhad all my time free for study, and I was keen to make the maximum use of it. Therefore, although the scholarship was only meant for studies in
meteorology, when I found out that one of the greatest logicians of the century in the
person of Rudolf Carnap was at Chicago, I enrolled also for courses in logics, semantics
and the philosophy of science. I managed to stretch my small scholarship to cover the
cost of these courses, although officially I paid for them out of my own pocket. When I
went to UCLA there was Hans Reichenbach, another great philosopher of science, and I
did the same thing. Carnap and Reichenbach were my ideal of philosophers working in
the theory of knowledge; Carnap was a logician and mathematician and Reichenbach a
physicist.
H. T. - Please tell readers about your analysis of the famous east coast blizzard at
Christmas 1947

R. V. G.- Like so many things in my life, it was pure chance that gave me that opportunity to make my first contribution to meteorology. There was this tremendous snowfall that paralysed New York and other cities in the north-east of the USA, and resulted
in disastrous losses for commerce because nobody could do their Christmas shopping.
To make matters worse, the Weather Bureau had forecast good weather. The consequences of the blizzard were so serious that the matter went up to Congress and the
Chiefofthe Weather Bureau had to go and give an explanation. In his evidence Dr Reichelderfer admitted that he could not explain why that snowfall had occurred; after
studying the maps anew he said that they would still have made the same forecast. For
some reason Bjerknes was over in Washington at that time, and I shall always remember the afternoon in the laboratory at UCLA when he came in. with .rolls of maps under
his arm, told us what had happened, and asked who wanted to tackle the problem. I
jumped at the chance and started looking at the Weather Bureau's maps. Now it happened that just then I was studying on my own the problem of instability in a baroclinic
rotating fluid, as first evoked by Solberg and later taken up by Hoiland and Van Mieghem. In those days the theory that instability is likely when the wind shear in a jet stream
exceeds the Coriolk parameter 'was not widely known, and it occurred to me, after
testing many other possible explanations, to see whether these conditions applied to the
case I was investigating. Sure enough, the jet stream wind shear had exceeded the
Coriolis parameter. I told Bjerknes, who was very interested, and when Palmen came on
a visit a couple of days later he was shown my findings, and the result was that I was
asked to present it at a laboratory seminar. Holmboe was extremely interested and got
me to lecture on this theory at his course on advanced dynamic meteorology. Then he
asked me if I would not like to stay on at UCLA to work for my Ph. D. I replied that I
could not because my scholarship would expire when I had taken my Master's degree
examination in a couple of weeks' time. He said that he would see to that problem, and
so I gladly agreed to stay on. Next Holmboe announced that he was going on a sabbati318

cal to his home country, Norway, and invited me to go with him. I could not believe my
ears! To go to the famous Norwegian school of meteorology. I was in Oslo from
July 1948 to February 1949. I found Einar Hoiland to be a very interesting scientist, a
first-class theoretician and most elegant and original in all his demonstrations. I do not,
know why he never achieved a wider reputation. Ragnar Fj0rtoft was much more difficult to follow. I remember that we went to a seminar in Bergen arranged in conjunction
with the IUGG General Assembly in Oslo, so that it attracted important meteorologists
from all over the world. There was a week oflectures which constituted a review of the
latest ideas and results in dynamic meteorology. Fj0rtoft gave a lecture on instability in
tropospheric waves, part of a famous paper published in 19504, but nobody could

Brussels, March 1970- Some of the participants in the Planning Conference on
the Global Atmospheric Research Programme. Facing the camera, left to right:
Professor B. Bolin, chairman of the JOC; Professor J. Van Mieghem, conference
chairman; Professor Garcia, Director of the Joint Planning Staff; Mr 0. M. Ashford, WMO Secretariat
Photo : Omnia, Bruxelles

understand it. However, I travelled back with him on the train to Oslo, and since the
journey took some hours I was able to get him to clarify it for me. When we were back at
UCLA, Holmboe brought up the subject of Fj0rtoft's lecture and when he found that I
knew what it was about he got me to give a seminar on it. This was also the starting
point for another series of research projects.

H. T. - What subject had you chosen for your doctorate thesis?
R. V. G. - I had started on it in Oslo. The subject was equilibrium conditions of flows

over a sphere, and I continued working on this in Los Angeles. However,. I reached an
impasse in the mathematical theory, and also domestic reasons obliged me to return to
Argentina. I had been transferred from the National Meteorological Service to the Aeronautical Meteorological Service. I stayed for about a year doing routine work and trying
to organize a better aviation forecast service, but at the end of 1950 I had to write to
Holmboe in Los Angeles saying things were not going as I had hoped, and that I saw no
4 FJ0RTOFT,

R. (1950): Application of integral theorems in deriving criteria of stability for laminar
flows and for the baroclinic circular vortex. Geofysiske Publikasjoner 17 (6) p.52.
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way of improving my situation. His reply was in the form of a cable saying a ticket was
being sent for my travel to Los Angeles and a contract awaited me at UCLA. The
contract was as an associate research assistant to Holmboe, and once in Los Angeles I
started on another Ph.D. thesis which went very quickly, and I graduated in about six
months.
H. T. -

What sort of a man was Professor Holmboe?

R. V. G. -For me he typified the nineteenth century scientists, belonging to the group of

remarkable hydrodynamicists that included Lord Rayleigh, Lord Kelvin and
Sir George Stokes. He was always in search of the physical explanation of a problem
beyond the purely mathematical solution, and I admired him for that. My coming to
UCLA coincided with the arrival of the electronic computer, and Holmboe was always
expressing his concern about using the machine as a substitute for clear physical thinking. He developed a method where he used symmetric waves to explain, in an elementary but clear-cut and precise fashion, stability and instability in barotropic and baroclinic waves and even more complex systems such as frontal waves. This was very
effective. When I was discussing his approach once with Jule Charney, Charney belittled
it by saying that symmetric waves did not exist in the atmosphere. What even such a
giant a Charney had failed to grasp was that a combination of symmetric waves was
equivalent to a Fourier analysis in representing any disturbance, no matter what its
shape, by harmonic waves; you can show that if one ofthe harmonic waves is unstable,
the whole system is unstable. Holmboe took great pains in preparing his lectures, working on them very early in the morning, even when he had given the course several times
before. He always added something: a new development, some thoughts provoked by
comments at previous lectures, and so forth. I feel sure that if someone could unearth
his lecture notes, they would serve as material for the best textbook there is on hydrodynamics. I would say I owe most of my knowledge in that field to him. We became
very close friends, even though he was convinced that I was wasting my time on philosophy.
H. T. -

Can you describe how you link a science like meteorology with philosophy?

R. V. G. - First of all, let me say that a good understanding of any science is essential if
one wants to work on the theory of knowledge. In my view, meteorology and oceanography are rather unique among the sciences and particularly helpful in this respect. I have
a great admiration for people like the Bjerknes and Bergeron who, out of a mass of
seemingly unrelated data, could draw synoptic maps pretty accurately and describe individual atmospheric systems and their evolution without recourse to a mathematical
theory. Nowadays there is a tendency to look down on descriptive and qualitative
sciences, but it was thanks to the synoptic meteorologists that we knew what to do as
soon as computers gave us the means to make numerical simulations and integrate
complex non-linear equations. The atmospheric circulation features we know as anticyclones, depressions, fronts and so on, in fact are abstractions because they only represent
a certain scale of motion. When we want to study atmospheric motion on a certain
scale, we have to filter out a whole lot of features which we consider are not relevant to
that scale. It is only fairly recently that we have begun to understand how energy is
distributed among the various scales of motion; how to take into account feedback from
a larger to a smaller scale and vice versa. We have learnt this in meteorology but it is not
generally realized in other sciences, nor are people aware of the implications of this
concept for fully perceiving what a scientific theory is about. Scientific meteorology did
not follow the pattern of laboratory physics where experiments are carried out in which
you have precise control of the variables involved. But there is another important
difference between studies of atmospheric dynamics and thermodynamics and laborato320

ry physics, namely that meteorology deals with open systems. The understanding of the
evolution of open systems is very recent and, in my opinion, has led to significant
advances in bridging the gaps between the physical, biological and social sciences. The
second law of thermodynamics implies that in an isolated system energy becomes evenly distributed with time. Therefore any initially organized system will become disorganized because of this diffusion of energy within the system. Biologists always complained
about this. In biology, species have evolved from simple single cells to highly complex
multicellular organisms. That evolution runs counter to the classical thermodynamic
principle, and the explanation came in the late 1940s and early 1950s with the development of the thermodynamics of irreversible processes. It was found that all open systems (physical, chemical, biological or social) organize themselves, adopting an internal
structure in such a way that a minimum of entropy is produced; in other words, selforganization is a characteristic of open systems. The system will exchange energy, matter, information or resources of any kind, and, once those fluxes have stabilized, the
system will acquire a structure in equilibrium with the fluxes. These ideas were formulated mostly by Ilya Prigogine and his school in Brussels. Among meteorologists, only
Jacques Van Mieghem, to my knowledge, was aware of these developments.
H. T. -

Perhaps you could give a specific example?

R. V. G. -

The simplest example is the Benard cells which occur in a fluid when it is
uniformly heated from below. It manifests the self-organization of a system that was at
rest and then became subject to a homogeneous thermal gradient. Dave Fultz's rotating
pan experiment at the University of Chicago was another good example of a system that
organized itself in accordance with the fluxes of heat and momentum, showing a different pattern of stability for different thermal gradients and different speeds of rotation.
As I said, the theory behind this was developed mainly by Prigogine in Brussels, and it
provides the basis for understanding the evolution of any open system; notjust thermodynamic systems but chemical, biological, social and economic systems as well. My own
work here has to do with what is for me one of the most important factors inherent in
any of these complex systems, namely the interaction between the different space and
time scales. Meteorologists were probably the first to learn that each scale has its own
dynamics, and that if you add data from one scale to the data of another scale, you are
not adding information but rather introducing noise. In meteorology we have learnt to
separate the scales, to study their individual dynamics and then find out how to deal
with their interactions, and I believe that this concept has a tremendous field of application in biology and in the social sciences. I have conducted seminars with physiologists on this subject. One of the examples we studied was the dilatation and contraction
of the heart; we analysed the interplay and trigger actions between dynamics at the
molecular level, the cellular level and the organic level. Results have been excellent, and
help to give more insight into causal relationships among phenomena of different scales
within a complex system. Likewise, I have worked on problems of interactions between
the physical environment (including climate, of course) and society.
H. T. - That was a fascinating excursion into rather unfamiliar domains. Coming back
to your life story, what did you do once you had gained your Ph.D.?
R. V. G. - ICAO held its First Air Navigation Conference in Montreal from 24 February
to 24 March 1953, and I was invited to go to ICAO headquarters to prepare some
technical papers for the conference. I decided to accept, although Holmboe was not too
happy about it. One of the papers I wrote was on aircraft icing (still a serious problem in
those days), another was on clear-air turbulence, and a third on the minimum density of
upper-air stations necessary to permit reasonably accurate upper-wind forecasts to be
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made. Immediately the conference was over I had a letter from Holmboe urging me to
apply for a post of assistant professor in the Department of Meteorology at UCLA. I did
so, and was accepted. It was good to be back at a university, and I started work on the
stability of curved velocity profiles with density stratification, getting some interesting
results. Then one day about a year later-it was 1955-I was due to present a paper at
an AMS meeting in La Jolla when a colleague rang me up at seven o'clock in the morning to say there had been a coup d'etat in Argentina. He suggested I listen in to the
short-wave broadcasts, which I did, and quickly became so absorbed by what I heard
that I forgot all about my AMS commitment. This was a bad thing because twenty
minutes of meeting time had been set aside for my presentation. The news from Argentina was in part disturbing and in part encouraging, but the new authorities had called
for the best people to come to help reconstruct the universities. I sought leave of absence
from UCLA and flew down to Buenos Aires.

H. T. -You intended to work in a university rather than in the .National Meteorological

Service?
R. V. G.- That was my intention. All the universities were in a state of being reorganized, but in fact I was given the job of collaborating as technical adviser with a rector
designated to start up a new university at Bahia Blanca, to be called the University of
the South. Then one day I was called by the Minister of Aeronautics; he wanted to see
me and sent his aircraft down for me. There had been complaints about inadequate
protection of civil aviation in the country following a serious accident, and the Minister
asked me whether I would take over directorship of the National Meteorological Service
and reorganize it. But the Service was going to be transferred to the Air Force, so that its
director-general would have to defer to quite a number of more senior officers, and on
this account I politely declined the offer and went back to Bahia Blanca. A week later
the Minister again sent his plane for me and, after introducing me to several senior
officers who were present, asked me if I would accept to be Director-General of the
National Meteorological Service on condition that I was responsible directly to him, the
Minister. This time I said yes, provided that I had the resources necessary to build up
the Service. So that was how I first came into contact with WMO.

H. T. - You became acting president of the Regional Association for South America
early in 1957 and thereby a member of the Executive Committee. It was a critical
moment because the International Geophysical Year was about to begin.
R. V. G. -

Yes, and I was confronted with plans already approved that consisted mainly
in setting up hundreds of new pluviometric stations. Whilst I had no objection to this in
principle, my first priority was to have at least a few upper-air stations. So I put my
proposal to the Minister, but he said there were no funds to buy radiosondes. Then I
learnt by chance that Argentina had recently sold some foodstuffs to Finland, and that
the Finnish authorities had not been able to pay in convertible cuiTency. Therefore
Argentina had substantial credit in Finnish markkas, and I would have no problem in
buying some Vaisala radiosondes. So I wrote off immediately and got the first radiosonde station established. Then additional money became available through the Special
Committee for the IGY. New stations were added, including some rawin equipment.
But I found things were getting more and more difficult. I had already been appointed
professor of dynamic meteorology at the University of Buenos Aires, and when I was
subsequently elected Dean of the Faculty of Sciences it was not with very great regret
that I resigned from the Meteorological Service to direct my efforts to building up the
Faculty of Exact and Natural Sciences which had been allowed to sink to a low level.
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H. T.- Was there at last a period of political stability to let you accomplish your objec-

tive?
R. V. G. - Let us say it was a relative stability. In any case, by dint of tremendous
effort-usually about 17 working hours a day with scarcely a break-by the end of
about eight years I had managed to bring the faculty up to the point where it was
acknowledged to be the best scientific institution in Latin America. I feel pride but also
sadness when I meet graduates from the faculty of that period who now have very good
academic positions in the best universities of the USA and Europe.
H. T. -

Why the sadness?

R. V. G.- Because that period when the faculty was flourishing is now only a memory.
In 1966 there was yet another military coup d'etat and a dictatorial regime under General Juan Carlos Ongania was installed. We were ordered by the police to vacate the
precincts but I refused, saying that this was an autonomous university which would not
accept such orders. There was a professor of mathematics from the Massachusetts Institute of Technology with us, and, although I warned him that things were going to turn
nasty, he insisted on staying. The police and militia came by night, and as Dean of the
Faculty I had the honour of being the first to be beaten up; my hand and a rib were
broken, and I had a few head wounds, but some of the other faculty members suffered
even worse injuries. The occasion came to be known as 'The Night of the Long Sticks'.
The MIT professor was also beaten up of course, and when he was released he wrote a
description of the episode for the New York Times and stirred up feelings of repulsion in
the world scientific community against the treatment we had received since, as I said,
the faculty had achieved world-wide respect. As a matter of fact, in an interview on his
retirement, General Ongania admitted that his biggest mistake had been to assail the
university because of the reaction it had engendered abroad. But it left me without a job,
penniless and temporarily incapacitated by my injuries.
H. T. -

So what did you do?

R. V. G. -

Not long before, when I was still Dean of the Faculty of Sciences of the
university, I had been invited by Professor Tom Malone to a meeting of an ICSU special committee on the projected Global Atmospheric Research Programme, and Tom
had asked me whether I could accept to do something about organizing a secretariat for
this project. At the time I had refused, saying that I already had too much on my hands
with the university. Now I wrote to him again saying that my circumstances had
changed, and the end result was that through him I got a contract from IUGG to go to
Geneva to start organizing what subsequently became GARP. I do not want to dwell on
the next phase; suffice it to say that my welcome at WMO was distinctly cool. It was not
until after the study conference at Stockholm in July 1967 (by which time GARP was
officially recognized as a joint WMO/ICSU undertaking) that things began to become
more harmonious. The Joint GARP Organizing Committee of twelve eminent scientists
was established under the chairmanship of Professor Bert Bolin, and I was appointed
Director of the Joint Planning Staff, still located at the WMO headquarters. I shall
always remember with gratitude and admiration the decisive role played by Tom
Malone and Bob White in this connection.

H. T. -

In retrospect, how do you regard this period of your career?

R. V. G. -

I think it was perhaps the most exciting period in my professional life. It was
certainly a very busy one. There were moments of frustration at the slowness with which
intergovernmental wheels seemed to turn, and the coming together of scientists and
specialists with different backgrounds, different interests and different conceptions was
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inevitably a slow process in the early stages. But there was the challenge of designing the
first global meteorological observing system and organizing the various subprogrammes and the main programme, all the time keeping our sights on the scientific
objectives ofGARP as laid down by the JOC. It was a pleasure working with people like
Bolin, Bugaev, Smagorinsky and the others; whatever amount of experience we may
have had in the past, now we were certainly learning more science, and taking part in a
team to design an international scientific programme of unprecedented proportions.
H. T. - In spite of the long hours you spent on GARP, you still continued to delve into
philosophy, and especially epistemology which, I believe, means the theory of the learning process.

R. VG. - My wife,' Emilia, graduated in psychology in Buenos Aires and had given
courses there, and when we moved to Geneva she promptly enrolled in the university
classes of Professor Jean Piaget who had a world-wide reputation for his work on epistemology and psychology, and especially the learning process in children. Very soon
Piaget made Emilia his assistant, and I first met this remarkable man at a cocktail party
arranged by the department. Piaget and I became engaged in a conversation that ended
up with an invitation to me to join his International Centre for Epistemology in the
University of Geneva. To cut a long story short, I had to rethink my allegiance to
Camap and Reichenbach and the school of logical empiricism, and eventually accept
the fact that Piaget had won me over. That was the greatest intellectual change I ever
experienced. Thereafter my evenings, weekends and Monday mornings were spent
working close to him. I collaborated with him on several books, and then we decided to
embark on a lengthy project of research into common mechanisms between the psychogenesis of ideas and the development of theories in the history of science.
H. T. - You resigned your post with the Joint Planning Staff at the end o£1970. Was it
to devote your entire energies to collaborating with Piaget?

R. VG.- No. Political events in my homeland seemed to me to be swinging once more
in a favourable direction, and I was very anxious to do anything I could to help. So I
went back, taking with me the work I was doing with Piaget. For the next few years I did
nothing in meteorology. (The book we eventually produced together was called in
English Psychogenesis and the history of science5, and I remember that my last discussion with Piaget was about the final chapter, just a week before he went into hospital
for the last time.) Well, although elections were eventually held in Argentina, things did
not go the way I had hoped, and at the end of 1975 I had to leave my country once
again.
H. T. -

Where did you go this time ?

I returned to Geneva, but not to WMO. The International Federation of
Institutes for Advanced Studies asked me to take charge of a programme called Drought
and Man which sought to establish the reasons for the extensive and catastrophic
droughts of the late 1960s and early 1970s; whether they were likely to recur, whether
they could be predicted, and their impact on food production and society. It was about
then that the media, greedy for anything sensational, had seized upon a statement issued
by a certain group of climatologists to the effect that the droughts should be regarded as
heralding a cataclysmic change of climate. I was much relieved to read the statement put
out by WMO which clearly distanced itself from the group's conclusions, saying that we
R. V G. -

5 ·PrAGET, J. and GARCfA, R. V. (1983): Psychogenese et histoire des sciences. Flammarion. (English
edition to be published in 1986 by Columbia University Press).
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were not in a position to make such prognostications. To return to the IFIAS programme, it was centred on a member institute in Geneva, the Graduate Institute of
International Studies led by Professor Jacques Freymond. I am very grateful to him for
the facilities he provided, and to IFIAS for the intellectual freedom they gave me.
Indeed the study developed in a very different direction from that originally expected,
because it soon became clear to me that it was not the climate that was the major culprit
in causing the dis~strous famines, but rather social evolution which had made populations much more vulnerable to a temporary perturbation in climatic conditions. The
reasons are explained in the first volume issued under the programme, entitled Nature
pleads not guilty6. The other volumes are The constant catastrophe7 and The roots of
catastropheS. In this research I found a beautiful application of the ideas I mentioned
earlier about the evolution of open systems.

This photo, kindly provided by Professor B. Inhelder, shows Professor Garcia and Professor Jean
Piaget working together at a chalet in the Swiss
Alps

H. T. -

I understand that your work attracted the attention of the United Nations.

R. V. G. -The United Nations Research Institute for Social Development in Geneva
was interested because it was just launching a programme of its own called Food Systems and Society. At the request of the director I wrote the outline and methodology for
the programme which was subsequently published under the title Food systems and
society: A conceptual and methodological challenge. Next, UNRISD asked me to choose
a country in which to carry out a case study on the application of the methodology, and,
since I had just received an invitation from the Autonomous Metropolitan University
of Mexico to go there as visiting professor, it was agreed to set up the programme at the
University, and an interdisciplinary team worked on it until about the end of 1983.
6 GARciA, R. V. and collaborators (1981): Drought and Man: The 1972 case history; Volume 1Nature pleads not guilty. Pergamon Press, New York. 300 pp.
7 GARC!A, R. V. and EscuDERO, J. C. (1982): Ibid.; Volume 2 - Constant Catastrophe: Malnutrition, famines and drought. Pergamon Press.
8 GARCiA, R. V. and SPITZ, Pierre (1986): Ibid.; Volume 3 - The Roots of Catastrophe. Pergamon
Press.
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H. T. -

How did it come about that you transferred to the National Polytechnic Insti-

tute?
R. V. G. - The Centre for Research and Advanced Studies, attached to the Institute,
invited me to set up a section dedicated to problems of methodology and the theory of
science. I accepted, and have been here since 1 January 1984. We have two areas of
research: one concerns the history and philosophy of science and the other is devoted to
interdisciplinary· work of the type I had done for IFIAS and UNRISD. By the way,
IFIAS had also asked me to direct some case studies under a new programme called
Analysing Biospheric Changes, and what I did was to show that UNRISD's FSS programme and IFIAS's ABC programme were two sides of the same problem. The careless
application of advanced technology in agriculture in many tropical areas (both semiarid lands and forests) has asked too much of the physical environment, which is deteriorating along with the social conditions. So far I have conducted three case studies in
Mexico and one in north-western Argentina; each have quite different ecological conditions, production systems and climate. We have shown, inter alia, that the problem of
undernourishment is not, as is usually argued, due to the population explosion or natural disasters such as droughts, but rather to inappropriate policies and practices in agriculture and stockbreeding. The lure of returns from cash crops is prevailing over basic
food crops necessary to feed the people, and the priority given to technological practices
producing quick profits leads to irreversible ecological damage.
In your opinion, where do we stand today as regards predicting droughts and
countering their effects ?

H. T. -

R. V. G. -My definition of drought will sound strange to meteorologists. I regard it as
the social perception of a natural phenomenon which departs from socially-defined normal conditions. There is a perennial absence of rainfall in the Sahara and other deserts,
but nobody talks of droughts in that context because there are no production systems
and virtually no resident populations there. Over the centuries agricultural practices
have developed with soil and climate being implicit functions, the amount and timing
of rainfall being a particularly important element. Thus drought is a relative concept,
depending upon the habitual food-producing systems in a region. As for predicting
droughts, I think I may again differ from the majority of meteorologists because for me
it is more important to take account of the climate and its variability when planning
agricultural and other activities than to be able to forecast a drought. After all, we knew
that a serious drought occurs in the Sahel about once every decade, but that did nothing
to palliate the famine. So what is needed is to have the best possible knowledge of
climatic variability in each region and to incorporate it in national economic plans, and
I would give top priority to interdisciplinary research on climatic variability in conjunction with those responsible for economic planning.
H.T. -You have had a very varied career, and so my last question is: Which period

gave you the greatest personal satisfaction?
R. V. G. - I liked my job as schoolteacher very much because being with children has
always been a joy to me. Working on hydrodynamics with Holmboe at UCLA was a
pleasure of a different kind. There was such tremendous satisfaction whenever we
discovered the physical mechanisms at work behind the equations that describe them; it
gave us the impression that we were beginning to understand Nature. But the culmination was when I met Jean Piaget and became converted to his school of thought; it
made me look at history in a different light and gave me a different view of the human
mind. He revealed to me the way children's conceptual faculties develop. At
Buenos Aires I had been considered an exceptionally good teacher, but I am rather
ashamed now that I totally misunderstood their assimilation processes. It is not at all as
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assumed by the overwhelming majority of elementary schools throughout the world. So
that period in Geneva with Piaget had no parallel in any oth~r part of my career.

H. T. - Professor Garcia, thank you very much indeed for this fascinating interview.
Your sincerity has been heartwarming, and I hope that science wjll benefit from your
exceptional perception for many years to come.

327

Or Kenneth Spengler
Boston, the capital of the state of Massachusetts in north-eastern USA, grew up
around a natural harbour on the Atlantic coast not far from a region where contrasting
oceanic and atmospheric currents meet, frequently engendering weather conditions which
must arouse the curiosity of anyone with a slightly scientific turn of mind. It was founded
in 1630 by Puritans from England (many ofwhom came from the Lincolnshire town of
Boston). The Pilgrim Fathers set up the Massachusetts Bay Company, which became so
successful that even before the end of the seventeenth century the colony was disposed to
resist attempts by its former homeland to impose sovereignty, and in particular the
levying of taxes on its lively commerce. Things got worse until finally the British were
forced out by George Washington's army in 1776.
Between the beginning and the end of the nineteenth century the population of
Boston increased more than twentyfold, immigrants arriving in great numbers from
Europe (especially Ireland) and from Canada. The city maintained its pre-eminence as
the centre of the cultural and religious life of the USA, having the nation's most
prestigious educational establishments - Harvard University, Radclijfe College (now
part of Harvard) and the Massachusetts Institute of Technology being examples.
The American Meteorological Society was founded in 1919, but for the first quarter
of a century existed as a fairly small group of amateur enthusiasts. The Second World
War and the need to support military operations gave rise to large numbers of people
being trained in weather forecasting. In order to cater for all these qualified
meteorologists when they were demobilized after the war, the decision was taken to give
the AMS a much more professional and scientific orientation. That entailed having a
fixed headquarters and a nucleus of permanent staff. Boston was chosen as the location
for the headquarters, and Dr Kenneth C. Spengler was appointed the Society's first
Executive Secretary.
Kenneth Spengler was born in Harrisburg {Pennsylvania) in 1915, and developed a
keen interest in the weather while still at a tender age. Although at college he majored in
mathematics and physics, he had to wait until after the outbreak of the Second World
War in Europe before he was given the opportunity to enter the profession of meteorology
as a second lieutenant in the U.S. Army Reserves. He graduated from a one-year course
at the Massachusetts Institute of Technology and was sent to the Army Air Corps
Weather Research Center in Washington, D. C., transferring to the Weather Bureau
headquarters when the USA entered the war, and subsequently to the Pentagon.
Thus in April 1946 with Frances Day, former secretary of Professor C.- G. Rossby,
as his assistant, Ken Spengler established the AMS secretariat in a small office at
No.5 Joy Street, later moving next door to slightly larger premises at No.3. But with the
rapid expansion of the Society and its activities, even this was quickly outgrown, and a
search started for somewhere more suitable.
Charles Bul.finch was a gifted architect who, in the first part of the nineteenth
century, had been responsible for much of the massive programme of construction and
transformation in Boston. He is best known for the Massachusetts State House, but
among his other masterpieces is a series of elegant mansions in the area known as
Beacon Hill. One such residence was built in 1806 for Harrison Gray Otis, a wealthy
lawyer, statesman and orator, and No.45 Beacon Street soon became noted for the
brilliance of the social events held there. Otis died in 1848, and the house passed to other
families until it was taken over by the Boy Scouts ofAmerica in 1940. Then in 1953 it was
purchased by Miss Eleonora Sears, a noted Boston beauty and sportswoman, who
intended to live there and to stable some of her horses in the precincts. Unfortunately her
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plan was thwarted by strict laws aimed at preserving the character ofthe Beacon Hill site,
and for some years the building lay empty and neglected. How it passed into the hands of
the AMS in 1958 is the story of the man who engineered the transaction, Ken Spengler,
who is now retiring as Executive Director after more than 40 years at the centre of the
Society's activities.
He talks about this in the following interview which took place on 16 July 1986
when Dr H. Taba was invited to the Spengler's summer residence at East Orleans on
Cape Cod, about 120 km south-east of Boston. Dr Taba says that he found Dr Spengler
to be an extremely modest person who is very good company. His name is not often
included in the list of the USA 's delegates, but nonetheless he always made a point of
attending major WMO meetings, in particular Congress and sessions of the Executive
Council, so that he has become well known and highly respected in the international
arena. Although his presence was to look after the interests of the AMS, to his credit he
never used the occasion for hard selling its membership or publications. We take this
opportunity to warmly congratulate Dr Spengler on his long and devoted service to the
AMS, to thank him for giving the interview, and to wish him lots ofpleasurable activities
in his well-earned retirement.

Dr and Mrs K. Spengler on their forty-fifth wedding anniversary in 1986

H. T. - Before we get into the substance of the American Meteorological Society, please
would you tell readers something about yourself and what you did prior to your
recruitment by the Society ?
K.C.S.- I was born at Harrisburg in the state of Pennsylvania in 1915, although both
my parents originated from Virginia. My father was a passenger conductor on the
Pennsylvania Railroad. I went to primary and secondary school in Harrisburg, and
developed an interest in the weather when still a child. The only university which was
teaching meteorology in the mid-1930s was the Massachusetts Institute of Technology,
but because of the Great Depression it was out of the question for me to go there. So I
went to a liberal arts college - Dickinson College - at Carlisle, about 25 km from
Harris burg. When I graduated from there, I wrote to the chief meteorologists of all the
airlines in the USA hoping for a chance to enter the profession that way, but although I
had majored in mathematics and physics, the airlines were only interested in people
already trained in meteorology. My brother had just been commissioned in the army
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and he urged me to apply for a commtsswn in the reserves, so after taking a
correspondence course I was commissioned second lieutenant quartermaster in the U.S.
Army Reserves.
H. T. - The war had already started in Europe by then?

K.C.S.- Yes, and in the summer of 1940 we received a circular to say that training in
meteorology was being started at four other universities in addition to the MIT:
New York, Chicago, California (Los Angeles) and the California Institute of
Technology. I applied straightaway and was interviewed in Washington, D.C. by the
then Chief of the Army Air Corps Weather Service, Lieutenant Arthur Merewether. I
was the first applicant to be enrolled out of what grew to be a total of some
10 000 trained during the Second World War, and was sent to join a one-year graduate
course at the MIT. I remember that one of my tasks was to verify some long-range
forecasts made by Dr Irving Krick, since I had already done some work in statistics.
I graduated in 1941 and was sent to a newly-established Army Air Corps Weather
Research Center at Bolling airfield in Washington, D.C. where there were five captains
and myself as a second lieutenant.
H. T. -

What happened to you when the USA entered the war?

K.C.S. - The Research Center was immediately moved to the Weather Bureau
headquarters in Washington, D.C. where we came into contact with some of the giants
of meteorology such as Francis Reichelderfer and Charles Mitchell. Our group was now
known as the Army Air Corps Weather Central, and when the Pentagon was completed
we moved over there in 1943. I later became chief of the Weather Central and held that
office almost up to the end of the war. Harry Wexler was director of research at the
Weather Central and also on the Council of the American Meteorological Society, so I
got to know him and Jerome Namias and several other Council members, and became
quite active in the AMS myself. It was probably because of my many contacts with
meteorologists that I was chosen to be the first Executive Secretary of the Society.
H. T. AMS?

Before we go further, perhaps you could sketch in the early history of the

K.C.S.- Charles Franklin Brooks was the primary moving force in creating a society of
meteorologists, and it was at a meeting of the American Association for the
Advancement of Science at St. Louis in December 1919 that the AMS was born. It was
formally incorporated on 20 January 1920 in Washington, D.C. Towards the end of the
Second World War, Professors Carl-Gustav Rossby (president of the AMS in 1944 and
1945) and Henry G. Houghton (president in 1946 and 1947) decided that the AMS must
become more scientifically and professionally oriented; for one thing they foresaw the
large number of trained meteorologists who would shortly be resuming civilian life.
They chose Boston as the location for the headquarters which would have to be set up,
partly because Professor Houghton was head of the meteorology department at MIT
and partly because the founder ofthe Society, C. F. Brooks, was director of the Blue Hill
Observatory and professor of meteorology at Harvard University. I took up my job as
Executive Secretary of the AMS on 1 April1946. Rossby had decided to return home to
Stockholm, and I was fortunate in that his secretary, Prances Day (now M~s Holt
Ashley), was prepared to move from Chicago to come to assist me in the Society's
secretariat. Between us we were acquainted with most of the American meteorological
fraternity. At that time the AMS membership numbered approximately 2000, and the
annual budget was of the order of $US30 000. First of all we had office space on the fifth
floor of No. 5 Joy Street (on Beacon Hill), then we outgrew that and moved next door to
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No. 3 Joy Street. Even this soon proved to be insufficient. The Council was forced to
meet in an hotel by 1956, and decided that we must look around for larger premises. I
had my eye on a splendid four-storey house in Beacon Street dating from the early
nineteenth century which was empty and obviously falling into disrepair. I found that it
belonged to a Miss Eleonora Randolph Sears, and after many disappointments and
setbacks I eventually negotiated for the property to be given to the AMS on condition
that we restore it to its original elegance, respecting the architectural style of the period.
We took possession in November 1958 and moved in at the beginning of 1960 while the
workmen were still there. The story of how we acquired and renovated No. 45 Beacon
Street was told in the Bulletin of the American Meteorological Society 41 (9)
pp.507-516.

The headquarters building of the AMS at 45 Beacon Street in Boston. The
flags celebrate the USA's Bicentennial in 1976
Photo: Margaret Spengler

H. T. - You say that the membership of the AMS was 2000 when you were appointed
Executive Secretary. What is it nowadays?
K.C.S. - It is around 10 000. There are six categories of membership: honorary
members, fellows, members, associate members, corporation members and student
members. Anyone interested in meteorology may be an associate member, but certain
qualifications are required to be elected as member. To be elected as fellow, one must
have made outstanding contributions to the science. Only members and fellows have
the right to vote.

H. T. AMS?

Would you please say something about the organizational structure of the

K.C.S.- We do not have a sovereign body in the form of a general assembly of the
membership; supreme power is vested in the Council. The 19 members of the Council
are: the president, the president-elect, the immediate two past presidents and
15 councillors. Of the councillors, five are elected each year; four by fellows and
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members and the fifth by the Council (to ensure that an oceanographer, a hydrologist
and a high-atmosphere meteorologist are included on the Council at all times). Election
is by postal ballot. Under the Council we have the Executive Committee of six
members, consisting of the president, president-elect, immediate past president and
three other members of the Council (one of whom is the Council secretary). The
Executive Director and Secretary-Treasurer are ex-officio members ofboth the Council
and the Executive Committee without the right to vote. The term of office of the
president is one year. Although membership of the Council changes each year, it has a
good balance between governmental, academic and the rapidly-growing segment of
'industrial' meteorologists. By industrial, I mean those who are self-employed (as
consultants or television weather forecasters for example) or who are employees oflarge
companies or private meteorological concerns. Then there are the five commissions: the
Scientific and Technological Activities Commission, the Commission on Professional
Affairs, the Education and Manpower Commission, the Planning Commission and the
Publications Commission.
H. T. -

Tell me about the publications issued by the AMS.

K.C.S.- First there is the Bulletin of the American Meteorological Society, our official
house journal, which comes out monthly and is in its sixty-seventh volume this year.
Up to 1944 it was the only publication of the AMS, but when the Society was
reorganized on more scientific and professional lines we started issuing the Journal of
Meteorology and the series of Meteorological Monographs. Then the Journal of
Meteorology was replaced by two periodicals: the Journal of the Atmospheric Sciences
(twice a month) and the monthly Journal of Applied Meteorology (which became the
Journal of Climate and Applied Meteorology in 1983). The AMS took over publication
of the Monthly Weather Review from the Government after 102 volumes, and it
continues to be a very important journal, now in its one hundred and fourteenth
volume. This is followed by the monthly Journal of Physical Oceanography which has
reached its sixteenth volume, the quarterly Journal of Atmospheric and Oceanic
Technology in its third volume, and the very recently introduced quarterly Weather and
Forecasting. However, even more important than all of these is the Meteorological and
Geoastrophysical Abstracts that Malcolm Rigby started in 1950 (as Meteorological
Abstracts and Bibliography) and which comes out every month. Unfortunately this

Independence (Missouri), April 1957The President of the USA, the late Hon.
Harry S. Truman, greets members of
the AMS in his office at the Truman
Presidential Library. Standing, left to
right: H. T. Orville (past president of
the AMS); R. D. Fletcher (president);
K. C. Spengler (executive secretary);
E. Jacobson (Kansas City branch of the
AMS)
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publication is very costly to produce, and that is why we cannot list more than about
7200 items each year, even though the world-wide output is three or four times this
number. The material in Meteorological and Geoastrophysical Abstracts from 1970 is
also accessible through a computer. As for the Meteorological Monographs, the series
comprised 43 titles in 1986, and in addition a Historical Monograph series including
both the history of the atmospheric sciences and the history of early American weather.
Naturally, the AMS Bulletin has the largest circulation; the monthly print run is 12 000
to cover distribution to Society members and other subscribers.
H. T. -

How do you ensure the scientific quality of the papers in the journals you

publish?
KC.S.- Within the Publications Commission there is a board for each ofthejournals
comprising associate editors and headed by the chief editor or, as the case may be,
eo-chief editors. When the chief editor of a journal receives a manuscript he will have it
reviewed and then decide whether to publish it, refuse it, or ask the author to make
some changes. When accepted, the manuscript is sent to AMS headquarters for
technical editing by our staff of about six (another three handle the technical editing of
the Bulletin of the American Meteorological Society), and subsequently printed by the
specialized firm (Lancaster Press) that we have used since 1944. Our printing costs
exceed one million dollars per annum. It is necessary to ask for a publication charge
(currently $US105 a page) which, in almost every case, is paid by the author's
institution. The theory is that a research project is not complete until the results have
been published, so that a certain portion of each research grant is intended for that
purpose. I must hasten to add that acceptance and publication of a paper is not
conditional on payment of the publication charge.
H. T. -

Another important function of the AMS is to convene and sponsor scientific
meetings. Could you say something about that?

K.C.S.- Our largest commission is that on scientific and technological activities, and it
consists of 29 committees on different topics ranging (in alphabetical order) from
agricultural and forest meteorology to weather forecasting and analysis. One of the main
functions of these committees is to draw up technical programmes for meetings in their
particular domain; some may arrange a meeting every year or eighteen months, others
only every three or four years, so that in a given year there are usually between 15 and
20 of these meetings held under the auspices of the Society through the committee
concerned. We try to have the chairmen of all the commissions and committees present
at the Annual Meeting of the AMS in January to co-ordinate their work and meeting
plans; in any case the Executive Director's job is to see to co-ordination, and not a day
passes without him having calls from some of the AMS officers. Incidentally, I should
like to pay tribute to the institutions and organizations employing these people for the
way they facilitate their work for the Society, which usually extends to paying their
expenses to attend meetings. Indeed, the AMS and other similar professional societies
could not survive without the voluntary help of their members and, by extension, of the
authority that employs them. It shows that these concerns appreciate the usefulness of
the Society's activities for their own programmes.
H.T.- Is the Annual Meeting always held in January?

K.C.S. -The Society's by-laws stipulate that it take place between 25 December and
31 January. It may be held anywhere, but members have to be notified of the date and
place at least 60 days beforehand. Although the Annual Meeting and business meeting
usually last only one day, several other specialized meetings are often arranged in
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conjunction with it, and there are also business meetings of the various boards and
commissions. In fact other organizations such as the University Corporation for
Atmospheric Research frequently take the opportunity to convene panel meetings of
their own at the time of our Annual Meeting.
H. T. - How are the scientific and technical meetings arranged?

K.C.S. - As I said, the Scientific and Technological Activities Commission has a
committee on most subject areas which does the necessary planning for meetings on
topics in that area, although from time to time there are meeJings on subjects for which
there is no committee. We try to arrange that meetings on broadly related fields are held
at the same time and place; for instance cloud physics and weather modification, or
radar meteorology and hydrology. Alternatively we may arrange one of our meetings in
conjunction with an international gathering in that particular field; for example we had
a meeting on observations and instrumentation at the same time and place as a session
of WMO's Commission for Instruments and Methods of Observation. Again, we
organize meetings jointly with Meteorological Services, societies or institutions of other
countries; for example on numerical weather prediction with the Deutscher
Meteorologische Gesellschaft, on tropical meteorology with the former East African
Meteorological Department*, or on southern hemisphere meteorology with the
Meteorological Service and Meteorological Society of New Zealand. Often these
meetings are eo-sponsored by WMO which helps to give them a truly international
character. Whenever possible, we mail to intending participants prior to the meeting a
volume containing preprints of the papers to be presented; we have found that this is
one of the best recipes for success. In the Bulletin of the American Meteorological
Society we make a point of giving publicity to forthcoming meetings all over the world,
and this has proved to be a service highly appreciated by both our members and by the
institutions hosting the meetings. From the financial aspect, it must be said that often
the registration fees for AMS specialized meetings do not cover the cost o:lithe work put
into their preparation. However, we regard them as an excellent means of promoting the
science.
H. T. - It is hardly surprising if the fees do not always cover the costs. Quite apart from
the scientific programmes, I imagine that the material arrangements for the meetings
must be a major task for your staff in AMS headquarters?

K.C.S.- It certainly is. I cannot speak too highly of the meetings department. Hours
are spent on the telephone negotiating through convention services or hotels so as to
have the best possible rates. Most hotels insist on one or two social events (a reception
and a luncheon or dinner) when they provide meeting rooms, and the trend is more and
more towards paying supplementary amounts for the use of meeting rooms. Many
participants in our meetings are from governmental or academic institutions, and the
per diem subsistence allowance they receive nowadays is often less than the rates
charged by the hotels. Miss Mazur, meetings manager, is also responsible for checking
with authors to get the typewritten texts of their meeting monographs and for compiling
the preprint volumes, a valuable part of our meetings. These volumes are not
considered as published literature since they are not refereed or edited, so we do not
advertise them, but copies may be purchased by anyone specially interested in the
proceedings who does not wish to wait for the papers in their final form to be published
in one of our journals or elsewhere.

* See WMO Bulletin 35 (4) p.305
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As well as these specialized meetings, I believe the AMS organizes workshops
of a more tutorial nature ?

H. T. -

K.C.S. - Yes. In this case we pay the expenses of lecturers, and so of course the
registration fee includes a tuition element. We usually have a few workshops each year,
and the lecture notes are edited into a book which is published by the Society. There is a
clear need for these workshops, as can be judged by the number of participants, which
may exceed 100 for some subjects.

San Fransisco, January 1968- At the
AMS Annual Meeting, Dr Spengler receives the Charles Franklin Brooks
Award from the president, Louis J. Battan, in the presence of the chairman of
the A wards Committee, Professor

E. Lorenz
Photo: V. M. Hanks, Jr.

Now I would like to move on to the awards and distinctions that the Society
bestows. Could you please say something about these?

H. T. -

K.C.S.- There are a large number of awards or scholarships offered each year. If your
readers are interested in them and their winners, they may refer to the organizational
issue of the Bulletin of the American Meteorological Society 66 (8) pp.978-1008 (August
1985). The AMS's higheSt honour is, of course, the Cari-Gustav Rossby Research
Medal, awarded on the basis of outstanding contributions to man's understanding of the
structure and behaviour of the atmosphere. Until 1958 it was known as the 'Award for
Extraordinary Scientific Achievement'; H. C. Willett was the first to receive it, in 1951,
and between then and now (1986) it has gone to 31 other scientists. The Jule G. Charney
Award is in recognition of highly significant research or developmental achievement in
the atmospheric or hydrospheric sciences (until 1982 it was called the 'Second Half
Century Award'). The first year it was bestowed was 1970 when it went to four people
who had spearheaded the technology to obtain vertical temperature profiles from
radiance measurements from satellites. Since 1972 it has been awarded each year. Then
we have the Charles Franklin Brooks Award for Outstanding Services to the Society
which dates from 1951, although attribution to Brooks in the title was added only after
1958. I was proud to be chosen the laureate in 1968. The Cleveland Abbe Award for
Distinguished Service to Atmospheric Sciences by an Individual is presented on the
basis of activities which have materially contributed to the progress of the atmospheric
sciences or to the application of atmospheric sciences to general social, economic or
humanitarian welfare. It was been awarded every year except one since 1963, the winner
in 1985 being no less a person than Sir Arthur Davies, Secretary-General ofWMO from
1955 to 1979. The Meisinger Award recognizes research achievement that is, at least in
part, aerological in character, giving preference to younger scientists who have recently
shown outstanding ability. It dates back to 1938 when the first award went to Jerome
Namias. Forty-three years later we find Namias winner of the Sverdrup CGold Medal,
established in 1964, which is conferred on researchers who make outstanding
contributions to the scientific knowledge of interactions between the oceans and the
atmosphere. (In the meantime, Namias received the 1955 Award for Extraordinary
Scientific Achievement.) There is a series of awards for outstanding service or
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achievement in various specific fields and another to encourage students in
meteorology, there is the Editor's Award for an outstanding referee's report on a
manuscript submitted for publication in one of the AMS journals, and other special
awards and citations. The Awards Committee of the Executive Committee co-ordinates
the awards programme and in most cases selects the winners from nominations put
forward by the relevant specialized committees. Presentations are usually made at a
banquet during the Annual Meeting.

In 1976 when he had completed 30 years' service
for the AMS, Dr Spengler was presented with a
plaque signed by the president-elect, the president
and all living past presidents of the Society

H. T. - In addition to these awards, I understand that the Society also issues certificates
or seals of approval to professional meteorologists in the private sector.
K.C.S. - Yes, and I think perhaps the AMS is unique in this respect. We issue
certificates for consulting meteorologists and seals of approval for presenters of weather
forecasts and information on radio and television. This is the responsibility of the
Commission on Professional Affairs through its respective boards. In the case of the
media especially, it is imperative to preserve the credibility and inlage of the
meteorological profession by ensuring that its presenters take their mission seriously
and do a good job. Likewise, the public must be protected from charlatans posing as
meteorological experts or consultants.
H. T. -

How are the broadcasters' performances judged?

K.C.S. -When an application is received, the chairman of the Board of Broadcast
Meteorology nominates a reviewing panel of five board members who base their
assessment on audio or video tapes supplied by the applicant made on three consecutive
days of appearance. The performances are judged in respect of technical competence,
informational value, explanatory value and communication skills. Once the initial seal
has been awarded, it may be renewed annually, subject to an attestation that the overall
content and format of presentations have not changed significantly, and payment of the
$20 renewal fee. At present there are rather more than 100 holders of the seal of
approval for radio and nearly 400 holders of the seal for television. We set great store by
educating listeners and viewers in order to reduce the risk of their misinterpreting a
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weather forecast and in the hope of them being more understanding when a forecast has
to be heavily qualified, or even goes wrong, on account of the imperfect state of the
science.
And what is the procedure for awarding the certificate for meteorological
consultants ?

H.T. -

K.C.S.- In this case the Board of Certified Consulting Meteorologists is the body that
does the adjudication. There is a written and an oral examination. The three factors
taken into consideration are the candidate's knowledge, experience and character. Here
again the initial certificate may be renewed annually by an attestation that the holder
has been actively engaged in the atmospheric, hydrospheric or related sciences for at
least three of the preceding five years, and has been a full member of the AMS in good
standing for the past five years. I should perhaps emphasize that neither the certificates
nor the seals of approval have any legal status; they are simply of an advisory nature.
The next topic I should like you to talk about is the annual budget of the AMS
and its components.

H. T. -

KC.S.- The budget is currently not far short of four million dollars per annum. With
around 10 000 members and an annual membership fee of only about $30, you can see
that we rely heavily on the publication charge and the income we receive from sales of
publications and subscriptions to the journals to cover the cost of our ambitious
publications programme. Similarly, the meetings programme just about breaks even on
the average between income from registration fees and outlay. Over the years we have
built up quite a sizeable reserve of capital, and in principle income from its investment
is kept in the reserve fund. But we also gain a significant income from investing our
working capital since most members and subscribers pay their dues promptly towards
the end of the year, and we do not generally draw on these monies until late in the
following year. Now and then we get a modest grant from the Government (usually to
support attendance at certain meetings or for the publication of results), and there are a
few grants from the National Science Foundation for similar purposes. The rather
healthy state of the Society's finances is due in large measure to the wisdom of Dayid
Landrigan, who unfortunately died in February 1986. He had been Secretary-Treasurer
since the post was created in the mid-1960s, but long before that, even before I was
appointed in 1946, he was auditor of our accounts. Although we have an excellent
Investments Committee, I feel sure they would be the first to give credit to David
Landrigan for his sound advice. Since his death I have been acting as
Secretary-Treasurer pending the appointment ofhis replacement, and that will probably
not be before a new Executive Director has been chosen.
H. T. -

What have been your contacts with WMO over the years?

KC.S. -The WMO headquarters is almost a second home to me. My first visit was to
the International Meteorological Organization headquarters at Lausanne in 1951, when
Dr Gustav Swoboda was Secretary-General. Since that time I have made a courtesy call
on the Secretary-General on almost all my trips to Europe. I have had the good fortune
to attend many Congresses and sessions of the Executive Council as an observer, and so
I keep in close touch with what is going on in WMO. Then, as you well know, the AMS
took over as agent for the sale ofWMO publications in Canada and the USA a couple of
years ago. To my mind the WMO publications are very valuable, and yet were largely
unknown amongst members of the AMS. Therefore, by giving them publicity through
the Bulletin of the American Meteorological Society and displaying a selection of them at
meetings organized by the Society, we are entering a potentially good market. In
particular, I think the WMO Bulletin is one of the best and most attractive periodicals
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in meteorology and should be seen by far more people. The new edition of the
illustrated cloud atlas will certainly be very popular, and the new edition of the WMO
International Meteorological Vocabulary, once it finally appears, will also be a
bestseller. The area of publications is one I should like to be involved in even after I step
down as Executive Director.
H. T. -

What are your feelings about relinquishing your post?

K.C.S.- I feel a little sad, of course. The AMS has been my life for 40 years, and my
enthusiasm and interest in the Society is still as great as it ever was. The sentiment
uppermost in my mind is the hope that the Society will go from strength to strength in
the years to come. I think I made it clear that it was not my intention to sever all ties
and disappear from the scene; I should like to continue to serve the AMS in some way if
the Executive Committee and the new Executive Director so wish. Perhaps I might be
permitted to take this opportunity tQ honour a debt of thanks to a few of my
collaborators who have given far more of themselves and their time than called for by
their duties. I have already mentioned David Landrigan, the Secretary-Treasurer; there
was Prances Ashley who joined the staff with me in 1946 and gave superb and loyal
service for well over 20 years; Rose DeSimone was chief book-keeper and accountant
for 33 years until she retired last year, having kept our books in first-class order; Jean
Cooper was an excellent secretary to Landrigan (and part-time to me) for over 30 years;
and, of course, Evelyn Mazur who, after 33 years with the Society, knows as much about
it as anyone, and is highly esteemed by all the people with whom she comes into contact
in her job as meetings department manager.
H. T. - To finish this interview, I should like you to return to a more personal note if
you would. Please introduce readers to your wife.

K.C.S.- I should be glad to, because for 45 years Margaret has had to put up with the
inconveniences of a husband often working late in the evenings, sometimes even at
week-ends, or else travelling. Fortunately, she has been able to lead an active and
interesting life on her own account, quite apart from what is involved in being the
mother of our five sons. We live at Arlington, about ten kilometres north-west of
downtown Boston, and she has been an elected member ofthe Arlington Town Meeting
ever since we first moved there in 1946. She was the first woman to be elected to the
Board of Selectment (corresponding to the town council), and subsequently served as
chairman of the Board. She has been on various boards and committees, including the
Massachusetts Board of Higher Education, and she was chairman of the Anniversary
Committee which organized celebrations for the three hundred and fiftieth anniversary
of Arlington last year. She is also a Trustee of her former college at Dallas,
Pennsylvania. My sons are a great source of satisfaction too: Kenneth, the eldest, is an
orthopaedic surgeon in New Hampshire, John attained a doctorate in meteorology and
is now a full professor at the Harvard University School of Public Health. The next
three sons earned Master of Business Administration degrees and chose careers in
business. Thomas is General Manager of a new all-suite hotel in Atlanta, Georgia; Mark
is Executive Vice-President of a firm providing temporary personnel; Stephen is in an
executive management programme of GTE Corporation. I invested my money in their
college education, and have no cause for regret.
H. T. - Thank you very much for inviting me here, Dr Spengler, and for giving such
informative answers to my questions. It is good to know that you are not going to give up
all your activities in meteorology when you retire from the AMS. I know I speak for
readers of the WMO Bulletin when I wish you every pleasure and happiness in this new
phase in your life.
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Academician G. I. Marchuk
The territory of the USSR spans eleven time zones (150 degrees of longitude). When
the summer sun is setting in its westernmost regions, a new day has already dawned in
the far east. In area, the Soviet Union is smaller than Africa, but larger than South
America and three times the size of Australia. The 2000-kilometre chain of the Urals at
about 60'E is regarded as separating the European from the Asian part of the nation. A
treeless plain characterized by permafrost, the tundra, occupies the far north; southward
from about the Arctic Circle this gives way to a wide forest belt, at first only conifers (the
taiga), but then becoming mixed forests in which birch, maple, lime and oak
predominate. Beyond this zone there is a curious blend of northern and southern flora
and fauna in eastern regions, but in the west the forests give way to the grassy plains
known as steppes.

Academician Gurii Marchuk
Photo: Joint Institute for Nuclear Research/Yu. Tumanov

There are numerous lakes and inland seas, the largest being the Caspian Sea
(371 000 km 2). Lake Baikal (30 500 km 2) is the greatest sheet offresh water in Eurasia
and the deepest lake in the world (1620 m); indeed, it contains one-fifth of the world's
total surface fresh water. In addition there are some 1000 man-made reservoirs. Whilst
the greatest rivers are found in the Asian part of the USSR (the I rtysh- Ob system, with a
length of 5410 km, ranks fifth longest in the world), in the European part a network of
canals has been built linking the major rivers to form a single waterway system
connecting the Baltic with the Black Sea and Caspian Sea.
The temperature extremes encountered at places in the Soviet Union, especially east
of the Urals, are notorious: Oymyakon in the Yakutskaya Autonomous Soviet Socialist
Republic has a monthly mean temperature which ranges from +14.5'C in July to
-50.1'C in January, the recorded extremes being +33'C and -71'C. At Ashkhabad in
Turkmenistan, the extremes are +47'C and -26'C. Mean annual precipitation ranges
from 2504 mm at Batumi on the Black Sea to 89 mm at Chimbay, near the Aral Sea*.

* Statistics taken from World Survey of Climatology, Volume 7 - Climates of the Soviet
Union, by P. W. LYDOLPH. Elsevier Scientific Publishing Company (1976).
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The USSR has the world's largest reserves of coal, iron ore, manganese, apatite,
asbestos, as well as gold and other precious and semi-precious minerals. Enormous
petroleum deposits have been discovered in arctic regions, together with the greatest
known reserves of natural gas in the world.
With 280 million inhabitants, the Soviet Union has the third largest population in
the world after China and India. There are 130 different languages spoken, and five
different alphabets used. Nowadays Russian is the most widespread; over 82 per cent of
the population are fluent in it. The USSR is a federation of 15 union republics (Soviet
socialist republics) which are each a sovereign state. By jar the largest is the Russian
Soviet Federated Socialist Republic, covering more than three quarters of the area of the
USSR and containing more than half the total population. Nevertheless two others, the
Byelorussian SSR and the Ukranian SSR, were also founder-Members of the United
Nations Organization. The Supreme Soviet of the USSR comprises two chambers: the
Soviet of the Union and the Soviet of Nationalities. Each has 750 delegates and each has
equal power to initiate legislation, although to become law a bill must be accepted by a
simple majority in both chambers. The Council of Ministers is the highest executive and
administrative body.
When Dr H. Taba went to Moscow in June 1986 for this interview, Academician
Gurii Ivanovich M archuk was deputy chairman ofthe Council ofMinisters and chairman
of the State Committee for Science and Technology. Subsequently, on 16 October 1986
Academician Marchuk was elected to the prestigious office of President of the USSR
Academy of Sciences.
Having graduated from the Leningrad State University in 1949, Marchuk
successfully defended his Kandidat thesis (on the dynamics of large-scale fields of
meteorological elements in the baroc!inic atmosphere) in 1952. However, he achieved
international fame through his doctorate thesis, subsequently published as a book, which
was on numerical methods in the design of nuclear reactors. In 1962 he moved to
Novosibirsk where, under the aegis of the Siberian Branch of the Academy ofSciences, he
built up a large computer centre that started functioning in 1964. Under his direction, the
centre undertook intensive research in computer mathematics and its application to
numerous scientific and technological problems. He developed a theory of conjugate
equations and perturbation algorithms for problems with linear and quasi-linear
differential operators, and made other highly significant studies in pure mathematics and
mathematical physics.
He never lost his interest in the atmosphere and its processes, and applied his new
techniques in constructing a closed system of equations describing atmospheric hydroand thermodynamics in an overall system of quasi-linear equations for the combined
dynamics of the atmosphere and ocean. He also turned his attention to modelling
environmental consequences of anthropogenic sources of pollution. His current field of
work is the critically important role of the ocean in short-term climatic variations.
Marchuk was awarded the Lenin Prize in 1961, and the following year was elected
Corresponding Member of the USSR Academy of Sciences, becoming full Member in
1968. He served in turn as vice-president and president of the Siberian Branch, and later
as vice-president of the (all-union) Academy of Sciences. In 1967 and again in 1971 he
was awarded the Order of Lenin for outstanding scientific and administrative services,
and in 1979, as one of a team of authors, he received the USSR State Prize for work on
developing and applying methods of statistical modelling.
At the Novosibirsk State University, Academician Marchuk was head ofthe faculties
of mathematical methods, computer mathematics and dynamic meteorology. Students of
his included more than 40 Kandidats and ten doctorates in physico-mathematical
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sciences. As member of a large number of scientific associations and serving on the
editorial boards of numerous Soviet and foreign journals, M archuk contributed much to
forging friendly and cultural ties between scientists in the USSR and those from other
countries. Honorary doctorates were conferred on him by many universities, and he is
foreign member of several scientific academies. In recognition of the services
Academician Marchuk had rendered to the development of science and technology, he
was made a Hero of Socialist Labour in 1975, and it was in 1980 that he was appointed
deputy chairman of the USSR Council of Ministers and chairman of the State
Committee for Science and Technology.
Academician Marchuk's first direct contact with WMO was in 1964 when he
attended a WMOIIUGG symposium on research and development aspects of long-range
forecasting, held at Boulder (USA), where he gave a lecture entitled 'A new approach to
the numerical solution of differential equations of atmospheric processes'. Towards the
end of 1965, at a WMO regional training seminar in Moscow on numerical weather
prediction, he gave a series of lectures on 'numerical methods for solving weather
prediction and climate theory problems'. In 1979 he attended the World Climate
Conference in Geneva and delivered a paper entitled: 'Modelling of climatic change and
the problem of long-range weather forecasting'.
In spite of his multiple and heavy responsibilities, Gurii Marchuk is a sociable and
cheerful person, full of energy and optimism. He is keen and willing to help solve
whatsoever problems come his way.
We are extremely grateful to Academician Marchukfor having spared the time to
give this interview, and offer him our best wishes in his new assignment as President of the
USSR Academy of Sciences.
H. T. -Academician Marchuk, if you have read other interviews in the WMO Bulletin,
you will know that we like to give them a personal flavour. Therefore please would you
start by telling me something about your childhood and education?
G.I.M. -My parents were both schoolteachers, and I was born on 8 June 1925 at a
place not far from Buzuluk in the Orenburg steppes which extend westwards from the
southern Urals. I completed my secondary education near Saratov, and then went to the
Leningrad State University, graduating in 1949. I continued doing postgraduate studies
there for a time, but in 1950 transferred to the Geophysical Institute of the Academy of
Sciences where I studied under the guidance of Professor Ilya Afanasevich Kibel, who
made outstanding contributions to dynamic meteorology, formulating the first scheme
for numerical weather prediction. At first my principal field had been mathematical
physics, but under the influence of Professor Kibel I developed a keen interest in
dynamic meteorology. The subject of my Kandidat thesis was the dynamics of
large-scale atmospheric processes, rather along the lines of an article published about
that time by Jule Charney; I discussed one of the first baroclinic models of the
atmosphere and the dynamics of wave processes. The work gave me much satisfaction
and confirmed my predilection for dynamic meteorology.
H. T. - Professor Rossby organized an important symposium on numerical weather
prediction at the International Meteorological Institute of Stockholm University in
1957. Did you attend it?
G.I.M. - I remember about that symposium. Some scientists from the Soviet Union
did go to it, but I was not present myself. However, some time later, at the invitation of
Professor Bolin, I visited Stockholm for about a month to study problems in
meteorology, mathematics and computer science.
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H. T. -

After successfully defending your thesis, what did you do next?

G.I.M. - I was invited to work in the field of atomic energy, and spent the next ten
years at the Physico-energetics Institute in Obninsk, taking part in designing and
constructing nuclear reactors for power stations. In 1956 I defended my doctorate thesis
which was on numerical methods in designing nuclear reactors. However, this spell at
Obninsk made me realize that my real interests lay beyond the confines of nuclear
energy, and in 1962 I willingly accepted an invitation by Academician Mikhail
Alekseivich Lavrentiev, then president of the Siberian Branch of the Academy of
Sciences, to go and organize a computer centre at Novosibirsk. The purpose of the
centre was to help solve major problems related to developing science and industry in
Siberia. Among other things, we advanced the theory of conjugate equations and
perturbation algorithms to apply to problems with linear and quasi-linear operators,
studied difference and variation-difference methods in mathematical physics,
disjunction and iteration methods. The Novosibirsk computer centre of the Siberian
Branch of the Academy of Sciences has one of the largest computer science and
data-processing facilities anywhere, and with numerous scientists in various specialized
fields interacting with one another, the atmosphere was very good and highly
stimulating.
H. T. - With this computer centre you were able to return to problems of atmospheric
dynamics?
G.I.M. - Rather problems of the atmosphere and oceans. On the practical side, we
developed a primitive-equation model for short-range weather prediction which had a
considerable impact on NWP methods. What was also a notable contribution was the
splitting method we devised for solving the complex system of hydro-/thermodynamics
equations describing the baroclinic atmosphere. This led me to try making a baroclinic
model of an ocean circulation, and in due course we could state the problem of air-sea
interaction. In this we were often in contact with Professor Joe Smagorinsky's group at
the Geophysical Fluid Dynamics Laboratory in the USA which was working in similar
fields. What was perhaps one of our most important results, and one which is only now
beginning to be widely taken up by scientists, is the conjugate equation of atmospheric
processes that takes the state of the ocean into account. This can bring us close to the
problem ofthe sensitivity ofthe atmosphere to any sort of external forcing. We went on
to develop a complete theory along these lines which became the basis for research in
the Soviet Union into small-scale and complex atmospheric and oceanic processes.
H. T. - I presume that in your capacity as chairman of the USSR State Committee for
Science and Technology you are responsible for co-ordinating research throughout the
country?
G.I.M. - That is so, and it includes work carried out under the auspices of
governmental institutions such as the Hydrometeorological Service, the Academy of
Sciences and universities. The conferences, symposia and seminars we organize are
normally a major combined effort.
H. T. -

How many people work at the computer centre at Novosibirsk?

G.I.M. - Altogether there must be some 800 people, and of these about 150 are
working in fields connected with the atmosphere or the oceans. They are all university
graduates, many having a doctorate or a Kandidat degree. For me, the work I find most
absorbing and which seems to me to have the greatest importance for research in
climate and long-range forecasting is the exchange of energy between the oceans and the
atmosphere. As you know, there are certain sea areas where this exchange is particularly
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marked, regions we have called 'energetically-active zones', and it is these that are
crucial in studying ocean-atmosphere interaction in the context of climatic fluctuations
and long-range weather forecasting. That is why the Soviet Union has launched the
'Sections' programme in which five areas have been designated energetically-active
zones, namely the Norwegian Sea, the western Atlantic east of the Island of
Newfoundland, the Bermuda/Sargasso Sea region, an area of the tropical Atlantic near
the mouth of the Amazon, and the Kuro Shio current region of the western Pacific.
Mainly for practical and logistic reasons, the chosen zones are all in the northern
hemisphere.
H. T. -

This sounds like a very ambitious project.

G.I.M. - It is, and we are hoping for still more international participation. So far
relatively little work has been done on the upper layer of the ocean, so we are placing
arrays of ships at strategic locations to monitor physical and dynamic properties of the
atmosphere and the ocean down to depths of 500 m, as well as heat fluxes across the
air-sea interface. We shall study closely the evolution of sea-surface isotherm patterns
and sea-air temperature differences. During one month in each season (February, May,
August and November), intensive meteorological and oceanographic observations by
ships and coastal land stations will be supplemented by upper-air soundings and data
from radar, aircraft and satellites. A quite detailed plan was published in English by
VINITI (Moscow) in 1984 as No. 1 in the Sections programme series.
H. T. -

What is the present situation regarding the Sections programme ?

G.I.M. - The programme has been going on for five years now; other socialist
countries have joined the USSR in placing ships in the energetically-active zones and
conducting oceanographic investigations, for instance Bulgaria, Cuba and the German
Democratic Republic. Obviously it has to be a long-term project. One of our paramount
goals is to construct an integrated model of the circulations of the atmosphere and
ocean, but first there is much to be done to accurately parameterize the physical
processes.
H.T. - How does the Sections programme fit in with WMO's World Climate
Programme?

G.I.M. - The principal objectives of the World Climate Research Programme are:
(a) to determine the degree to which climate can be predicted, and (b) to identify the
extent of mankind's influence on climate. In order to attain them, a multifaceted
approach has been adopted, one of the most important thrusts being to develop
physico-mathematical models of the climate system components (the atmosphere,
oceans, ice and land surface), first individually and then combined. This implies a
careful study of processes in these elements in order to parameterize and incorporate
them in models. At the same time, one must decide on what are the data requirements
and then design a rational observation system covering all the elements of the climate
system. If the WCRP is primarily concerned with time scales ranging from weeks to
decades, we must nevertheless take account of the ensemble of properties of individual
weather systems on smaller time scales, the day-to-day evolution of a synoptic-scale
disturbance, for example. Similarly for the space scales: primary attention in the WCRP
is given to regional- and global-scale features, but the small-scale processes are also
recognized as playing a significant role in climate. Understanding these processes and
parameterizing their effects constitute the central thread of WCRP activities. This
brings me to the question of air-sea interaction, which, as everyone realizes, is a crucial
factor. The WCRP has an ocean component in which attention is turned to developing ·
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ocean circulation models and ultimately combined ocean-atmospheric models. The
USSR's proposals in connection with the Sections programme have been discussed at a
number of international meetings; in view of the fact that logistical and financial
possibilities do not permit the desired observational system to be set up on a global
basis, it was recommended that concerted efforts be made to organize regular
observations in selected key areas, the energetically-active zones I was talking about.
H. T. - I have heard that there are plans to divert some major rivers in the USSR. Can
you tell me something about this ?
G.!. M. - I t is wrong to say that rivers would be diverted. This was never the intention.
What is currently being studied is the feasibility and the environmental implications of
drawing off part of the water-an amount within the range of natural fluctuations from
one year to another-of rivers flowing north to the Arctic Ocean in order to irrigate
certain potentially productive but perennially dry areas in Central Asia. We are
approaching this question very carefully, and only when we are convinced of the overall
soundness of the scheme shall we go ahead with it.

H. T. -

Are parts of the USSR subject to desertification?

G.I.M. -Fortunately no, thanks to the farsightedness of scientists in Central Asia, and
in particular the president of the Turkmenistan Academy of Sciences, Professor Agajan
Geldievich Babaev. In fact, huge areas of land are being reclaimed from the deserts
through carefully planned measures of reafforestation, regrassing and repopulation.
H. T. -

In your view, what are the prospects for long-range weather forecasting?

G.!. M. - The ability to forecast for a month or a season ahead has got to be one of the
primary objectives of the meteorological community, but we have to be realistic about
it and explain to our governments and the public that this is something that cannot be
achieved overnight; a great deal of painstaking research and experimentation will be
required. From what I said about the Sections programme, you will see that the USSR
has demonstrated its commitment to the objective through studies of atmosphere-ocean
interaction, and in this connection we must rely on our colleagues in oceanography to
reveal more about the mysteries surrounding oceanic circulations. As I say, it will be a
difficult task, but one that will be well worth while. If we can forecast reliably for a
month ahead, we shall be able to increase agricultural production by 30 per cent, and
plan the rational use of energy, water supplies and capital investment. Although perhaps
the economy of the Soviet Union is particularly sensitive to climatic fluctuations, I am
confident that all countries would profit handsomely from a long-range forecasting
ability.

H. T. -

And how do you see the future as regards space-based observing systems?

G.I.M. - I t is still not 30 years since the world's first artificial satellite, Sputnik-1, was
launched by the Soviet Union, and yet the number of spacecraft of various kinds sent
into near-Earth orbit since then must run into the thousands. These manned and
unmanned satellites have had the effect ofliberating mankind from geocentric thinking,
giving a new dimension to telecommunications and science. Certainly, meteorology has
been the main beneficiary so far, and already one wonders how we managed before the
space age. But the immense potentials of satellite techniques in other environmental
disciplines are clearly perceived, and work is going on apace to realize them. Telescopes
in space will undoubtedly open new doors in astrophysics, which in turn will benefit
science on Earth. In fact, in the USSR it is our firm intention in the long term to make
platforms in space a profitable sector of the national economy.
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H. T. -

What can you say about the impact of human activities on climate?

G.I.M. - I cannot add anything to what has already been said and documented by
other scientists working in that field. For me, the most important single factor is the
increasing global concentration of carbon dioxide in the atmosphere due to industrial
activities and the burning of fossil fuels in general, as well as deforestation which
deprives us of a useful sink for the additional C0 2 • Another thing to watch is the
attenuation of the stratospheric ozone layer resulting from the increased emissions of
chloroflurocarbons, because of course that alters the short-wave radiation
transmissivity of the atmosphere.
H. T. -

How do you view the threats to the environment as a whole?

G.I.M. - Nobody can deny that the greatest potential threat to the environment is a
nuclear conflict, since this would likely destroy all forms of life. That being said, we
must also realize that the environment can no longer support effluents from traditional
industrial and energy-producing practices at their present level, so that it is imperative
that the worst culprits in this respect be rapidly replaced by alternative clean processes.
In 1985, the USSR allocated 2.5 billion roubles (approximately $US3.3 billion) for
environmental protection. The problem of pollution is now a global one, and must be
tackled on the basis of genuine international co-operation.
H. T. - Could you please say something about the strategy for scientific and
technological progress in the USSR?

G.I.M.- This country is successfully accelerating economic development using its vast
resources with prudence. Food and energy programmes are under implementation, and
a comprehensive programme to boost the manufacture of consumer goods is nearing
completion. We have embarked upon scientific and technological progress, where both
the production and management functions are being automated. Computer technology
and robotization are being introduced widely in all sectors of the national economy. The
current qualitative reorganization of productive forces will enable us to move forward
and reach a still higher labour efficiency. We aim to produce machines and materials of
highest quality as a result of fundamentally new technological and manufacturing
processes, but economists say that capital investment in modernizing existing
enterprises gives between 50 and 100 per cent higher returns than when completely new
plants are built. I would say that the main task at present is to acquire the skill to solve
the most pressing problems quickly and effectively. Priority in basic research, timely
availability of the latest developments in technology and their immediate utilizationsuch is the triple task facing us today. Pure science comes into the picture in all spheres,
but it is the applied areas which largely determine the scientific and technological
potential and economic standing of the country. First and foremost in these areas I put
power engineering in its broadest sense, because virtually every facet of modern life
depends on it. As regards innovations in industry, I must mention new fields of biology,
notably genetic and cellular engineering, immunology, microbiological synthesis and the
production of physiologically-active substances; bioengineering is certainly on our
agenda. But we are resolved that our tremendous programme of development shall not
be at the expense of ecology and the conservation of nature; we shall exploit our natural
resources sparingly and intelligently.
H. T. - In your senior position, your responsibilities are mostly of an administrative
nature. How do you reconcile this with your scientific interests?

G.I.M. - It is true that I am nearly all the time in my office, or in someone else's,
discussing matters of policy and administration. Nevertheless I make a point of
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spending each Saturday in the Institute itself, and moreover I have been directing
seminars every Thursday evening. Luckily I enjoy very good health, because my
activities do impose a heavy stress on the human frame. I am in the process of writing a
new book on the scientific subjects that interest me most, and you will not be surprised
to learn that short-period climatic fluctuations and the role of the ocean come top of the
list.
H. T. - Academician Marchuk, on behalf of readers of the WMO Bulletin, thank you
very much indeed for having spared some of your precious time to give this interview. I
hope that you will continue to enjoy the health and strength needed to shoulder your
heavy responsibilities for a IQng time to come.
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Professor V. E. Suomi
The WMO/ICSU Joint Scientific Committee for the World Climate Research
Programme held its eighth session at the enchanting site of Il Ciocco, near the ancient
fortified town of Barga on the sunny slopes of the Appennines north-east of Pis a in Italy.
The chairman of the JSC!CCCO Working Group on Satellite Observing Systems is
Professor Verner E. Suomi, and Dr Taba took advantage of his presence at the session to
travel there to interview this remarkably gifted scientific engineer to whom we owe so
much for the data we now receive from meteorological satellites.
Verner Suomi was born on 6 December 1915 to Scandinavian parents who had
emigrated to the USA. His youth and early manhood were spent in the state of
Minnesota, and after obtaining his Ph. D. from the University of Chicago (yes, another
Rossby alumnus) he settled in the adjacent state of Wisconsin and proceeded to give
world-wide renown to the state university at Madison by building up the Space Science
and Engineering Center there.

Professor V. E. Suomi
Photo: Univ. of Wisconsin

He has been the major driving force in the scientific community of the USA for the
application of space systems to improve weather services. He studies nature with the
efficiency of an engineer, yet with the subtlety and insight of a true scientist. He has a
unique and highly productive talent: translating natural occurrences into quantitative
measurements and information which permit us to comprehend the environment.
Professor Suomi is best known for his 'spin-scan' camera designed for use on a
satellite in geostationary orbit which has the great advantage of being able to survey up
to about a quarter of the Earth's surface continuously from the same relative position.
This technology has been in operational use for well over a decade now, and has proved
of inestimable value for monitoring tropical cyclones, cloud clusters and severe storms,
and for tracking cloud elements in order to derive the wind at cloud level. As early as
1971 Suomi had proposed complementing his visible and infra-red spin-scan radiometer
with an atmospheric sounder to obtain vertical profiles of temperature and moisture, but
it was not until 1980 that this new component was included in the payload of a
geostationary satellite. The National Hurricane Center and the National Severe Storms
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Forecast Center have both found these data to be indispensable, and the sounder may
well be the mainstay ofa new programme in storm prediction and warning contemplated
by the USA.
Under Suomi's leadership the Space Science and Engineering Center at Madison
has also developed a powerful data management and analysis system called MciDAS
(Man-computer Interactive Data Access System) which is currently used at several
centres in the USA, as well as at the National Meteorological Centres in Australia,
China, the Federal Republic of Germany and Spain.
His active involvement in space-based observing systems naturally led
Verner Suomi to take an interest in the meteorology ofother planets, and he participated
in the imaging science team for several of the USA 's interplanetary probes, such as those
to Venus, Jupiter, Saturn and Uranus.
Professor Suomi has received numerous honours and awards. From the American
Meteorological Society he won the Meisinger Award in 1961, the Carl-Gustav Rossby
Research Medal in 1968 and the Charles Frank/in Brooks Award in 1980; the American
Institute ofAeronautics and Astronautics conferred on him its coveted Robert M. Losey
Award in 1971; in 1977 he received the National Medal of Sciences from the President
of the USA; NASA presented him with its Exceptional Scientific Achievement Medal in
1980 for his part in the Pioneer Venus project; the same year the Society ofExploration
Geophysicists gave him the William T. Pecora Award; the Frank/in Institute awarded
him its highest honour, the Frank/in Medal, in 1984 and the following year he received a
silver medal 'for outstanding pioneering contributions critical to the development of US.
civil operational satellite systems and services' at a ceremony marking the
quarter-century of meteorological satellites. He was also one of 100 American scientists
to receive a medal from the Geophysical Committee of the Soviet Union for his
contributions to the fulfillment of international programmes in geophysics. Many
American and foreign academies have bestowed honorary membership or fellowship on
him.
The following interview took place in Italy on Wednesday, 25 March 1987.
H. T. - Professor Suomi, could I start by asking you to reveal the circumstances of your
early years ?

V.E.S. - I was born at Eveleth in the north of the state of Minnesota on
6 December 1915. My father was a carpenter from Turku in Finland and my mother was
of Swedish descent coming from the Aland Islands in the Baltic. They had emigrated
separately to the USA in about 1907, then met and got married and had seven children.
My parents were not afraid of hard work, and were insistent that I do well at school. As it
happened I loved it at school, and particularly enjoyed reading; I would skip classes to go
to the library whereas most of the other youngsters did it to play. I was also keen on
building things, model airplanes especially. My elder brother was a wonderful
companion who helped me at school and taught me much about life and having concern
for my fellow human beings. I did pretty well at school, and before going on to college
spent some time with the Civilian Conservation Corps working in the forest, a very
valuable experience. I attended the State Teachers' Training College at Winona, which is
about 150 km down the Mississippi from Minneapolis and St. Paul, and after graduating
from there in 1939 with a Bachelor's degree I started teaching in high schools. I found out
that the Federal Aviation Administration sponsored a civilian pilot training programme,
and took a course of flying lessons during the summer vacation. That was how I came up
against meteorology; I recall we used the textbook Meteorology for Pilots by B. C. Haynes,
and what caught my fancy in particular was the adiabatic chart. It seemed pretty neat to
be able to draw the structure of the atmosphere and be quantitative about it.
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H. T. -This was before the start of the Second World War?

VE.S. - I t was before the USA became involved. We did not enter the war until the
end of 1941, but some time before then I remember hearing on the radio that a certain
Professor Carl-Gustav Rossby was going to organize a university course in meteorology
at Chicago. I knew that I was likely to be wanted for military service, and thought that I
might as well do it in a field that interested me. So I wrote to Professor Rossby, and he
wired back saying that since I had been on the civilian pilot training programme I
could enrol in a small group that was being supported under the programme. That was
how I found myself at the University of Chicago in a class under the supervision of
Herbert Riehl. Others in the class included George Haltiner and George Platzman.
Within the Department of Meteorology there was a laboratory where they rebuilt and
recalibrated used radiosondes that members of the public had found and returned,
because of course new ones were unobtainable. On account of the wartime secrecy,
there was no free exchange of meteorological data, and to face up to these
circumstances Rossby and his colleagues developed a single-station forecasting
technique based largely on the thermal wind equation. So these radiosondes were
precious, even though we had no rawinsondes and often suffered the frustration of
seeing the balloon disappear into low cloud a minute or two after release. Although the
single-station forecasts were not very successful as I recall, it was certainly something
that we students could involve ourselves in.
H. T. -

Who were Rossby's principal collaborators at that time?

VE.S.- They were Horace Byers, Michael Ference, Helmut Landsberg, Erik Palmen
and Victor Starr as far as I remember. Oliver Wulf came to teach us about the upper
atmosphere, and, as I said, Herbert Riehl was the chief laboratory instructor for our
class. People like Joshua Holland and Vincent Oliver were in the class immediately
ahead of us, and Joanne Simpson was in the one following. We spent our mornings
listening to lectures and afternoons doing laboratory work. After completing the course
I was retained in Chicago as an instructor for future classes passing through Rossby's
Department of Meteorology, and was made responsible for the field facility where we
launched radiosondes and gave students experience in evaluating the data and using
them as best they could in this single-station forecasting scheme. I made a fairly
lightweight radiosonde recorder which I believe could have been incorporated in a
mobile field station, and although the project never came to fruition, it brought in
some funds for research. A small R & D group thereupon grew out of the radiosonde
repair workshop, with Earl Barrett and Charlotte Benton among those who joined us.
We designed an automatic dewpoint recorder and flew it under a large plastic balloon
up into the stratosphere, getting the first measurements of moisture from there. We
also developed a sonic anemometer.
H. T. - Rossby left Chicago in 1947 to start up the International Meteorological
Institute at Stockholm University, and I believe you left the following year?

VE.S.- Yes. Reid Bryson was an assistant professor at the University of Wisconsin,
and it was through him that I went there in June 1948 to continue my work on
instrument development and experimentation, and also to give courses.
Matti Franssila, you may remember, was Director of the Finnish Meteorological
Service from 1953 to 1970, but before that he and I jointly developed a radiation
balance meter (net radiometer). With the radiosonde, the dewpoint recorder and the
sonic anemometer it was possible to learn a lot more about boundary-layer processes.
Victor Starr got very interested in the instrumentation for measuring the heat and
moisture budget over a cornfield in Iowa. When I moved to Wisconsin, we had a field
that was flat and drained, so one could get an idea of the water budget from how much
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the pump was used. Heinz Lettau, then attached to an Air Force research group, was
also interested in boundary-layer studies and obtained some financial support for us. I
made the cornfield experiment the subject of my Ph.D. thesis, and obtained my
doctorate from the University of Chicago in 1953 along with Louis Battan, Chester
Newton. I remember that Hans A. Bethe, who later won the Nobel Prize for physics,
got an honorary degree from Chicago that year.
H. T. -

How did you first become involved in satellite instruments?

V.E.S. -The preparations for the International Geophysical Year were already well
advanced by the time we are talking about-the mid-1950s-and everyone was getting
excited about the use of satellites for meteorology. We had seen cloud pictures
transmitted from high-altitude rockets such as the V-2, Viking and Aerobee series, and
nobody was in any doubt about their potential value. I had not had any experience in
space technology, but I was convinced that some relatively simple experiments on the
Earth's heat budget could be made if I could put a sensor or two on one of the early
spacecraft. Having read Professor Henry Houghton's paper on the heat budget
distribution, I felt it would be nice to try to verify his findings. At a Sigma Xi meeting I
was introduced to Professor Lewis Kaplan who was chairman of the USA's IGY
Committee, and he put me on to the chairman of the national IGY committee on
meteorology who was Harry Wexler. The period for formal submission of project
proposals had already expired, and it was only through Harry's influence that I was
able to get in and have some funding. Professor James Van Alien happened to be in the
neighbouring state of Iowa, and at Harry's suggestion I got in touch with him because
of his experience in rocket instrumentation which was subject to similar violence and
thermal shocks as my instruments would be aboard a satellite being put into orbit. So
that was how I first entered the satellite business.

The late Professor Robert Parent (left)
and Professor Suomi working on their
radiometer for the first Earth Radiation
Budget Experiment (ERBE) for Explorer-7 in 1959

H. T. -

Please tell readers about your first satellite sensors

V.E.S. -My first radiation budget meter was really a very simple concept: two small
spheres on the end of antennae, one white and the other black. The white sphere would
not be too responsive to any but terrestrial infra-red radiation; the black one would
absorb direct solar radiation, solar radiation reflected from the Earth and the Earth's
own infra-red emissions. When the satellite was over the centre of the dark side of the
Earth (in the umbra) it would receive only terrestrial infra-red, then there would be a
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period in its orbit when it would be exposed to direct solar as well as the terrestrial IR
radiation, and finally it would come into the region where it received all three types. It
would be perfectly possible therefore to separate the energy received into these three
categories of radiation. My crude radiometer was included in the payload of the first
satellite, but unfortunately it failed to get into orbit and fell to the bottom of the sea.
That was a terrible disappointment of course, and it allowed the Soviet Union with its
Sputnik-] in October 1957 to win the race to put a vehicle in orbit.

H. T. -

But that was only a temporary setback to the USA's space programme?

VE.S.- We were more successful with the 'Explorer' series of satellites using the large
Jupiter rockets. It was in 1958 that Van Alien's experiment resulted in his discovery of
the two belts of charged particles enveloping the Earth at roughly 4000 and 16 000 km
above the surface. By then I had refined the sensor to make it a mirror-mounted
radiometer which was included aboard Explorer-7, but we were doomed to another
disappointment because at the first attempt the rocket blew up on the launching pad. A
subsequent version successfully reached orbit, and we obtained our first radiation
measurements from space. Among my students were Kirby Hanson, Doug Sargeant
and Tom Yonder Haar, and Tom used the data as the basis for his Ph.D. thesis
presenting the first measurements of the global heat budget. Meanwhile work on
imagery from satellites had progressed to televised picture transmissions in both the
visible and the infra-red parts of the spectrum (although resolution in the latter was
still very poor), and on 1 April 1960 the first meteorological spacecraft in the TIROS
(Television and Infra-Red Observation Satellite) series was launched into polar orbit.
At my suggestion, NASA agreed to put heat budget radiometers on several subsequent
TIROS flights and we began to be able to learn something about seasonal changes in
the global heat budget distribution, all the time improving the design of our
radiometers.
H. T. - So far the satellites had been in low polar orbit. When did the geostationary
satellite first make its appearance?

VE.S. - It must have been in about 1963 that I read in a magazine about NASA's
intention to launch a spacecraft into geostationary orbit. Perhaps I should explain for
the benefit of your readers that, because of gravitational fields, a small satellite if it is
to remain apparently stationary above a fixed point on the Earth's surface must be in
the plane of the Equator and at a distance of approximately 36 000 km. The
polar-orbiting spacecraft, on the other hand, usually fly at a height of only about
1000 km above the Earth. So this new project of NASA was known as the Advanced
Technology Satellite (ATS), destined mainly for telecommunication purposes. The
article in my magazine was very short but it contained a diagram of the ATS, and I saw
that it should be possible for a camera to be carried on board. Just at this time I went
for a spell in Washington as chief scientist of the Weather Bureau, leaving Bob Parent,
an expert in electrical engineering, to carry on at the University of Wisconsin. We
managed to prepare jointly an eight-page proposal to NASA for the inclusion of a
camera on board ATS-1. Very briefly the theory was this: for the satellite to be stable
in its orbit it needs to be spinning at about 100 r.p.m. (assuming its weight to be
around 800 lb or 360 kg), and because it is so far from the Earth the images need to be
magnified through a high-quality reflective telescope. Only a small portion of the
terrestrial disk is thus seen at a given instant, but the spinning motion permits a
horizontal (east-west) swathe to be scanned on each revolution, with a mechanism
realigning the mirror in the vertical (north-south) plane by one step per revolution so
that the whole of the Earth's disk can be photographed in 2400 revolutions, or rather
less than half an hour.
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H. T. -

That is your famous spin-scan camera. Did all go well on the first attempt?

VE.S. - Yes. Thanks to the strong support of Bob White, Administrator of the
Environmental Satellite Services Administration (it became NOAA in 1970), and other
influential people, and with the collaboration of the Santa Barbara Research Center
which was building the satellite, we managed to have a relatively simple version of the
camera on ATS-1 when it was launched in 1966. Many people were astonished it
worked so well. This was about the time that our outfit at Wisconsin became the Space
Science and Engineering Center (SSEC). Later on we even got colour pictures with a
modified camera on ATS-3; you can see one reproduced in the SSEC logo. The two
types of meteorological satellite-polar-orbiting and geostationary-complement each
other very well as far as imagery is concerned. With its half-hourly sequences, the
geostationary platform is ideal for monitoring the evolution of significant cloud
patterns and tracking cloud elements to derive wind vectors over the tropical regions.
The polar-arbiter gives less frequent but more detailed pictures, with relatively greater
coverage of polar regions.

A GATE planning group meeting at Bracknell. Left to right: V. Meleshko,
J. Sawyer, V. E. Suomi, M. Yani and K. Miyakoda

H. T. - Your early spin-scan cameras could only transmit images in the visible part of
the spectrum so that pictures were only available during the daytime. It would seem
obvious that the next step was to try and adapt the camera for infra-red imagery as well.
Could that be done?
VE.S. - I told the responsible people that an IR camera could be carried but that the
satellite would have to be built around it because a very large mirror was needed. We
got the green light, and that was really the start of the SMS/GOES* series of which the
first was in orbit just in time for the GARP Atlantic Tropical Experiment (GATE) in
1974. I did not design that IR camera, but I was much involved in analysing the data
from it.
H. T. - I remember that you played a very important part in the preparations for GATE,
Professor Suomi. What particular fields were you mostly engaged in apart from
satellites?

* Synchronous Meteorological Satellite/Geostationary Operational Environmental Satellite
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V.E.S. - Perhaps you recall that one of the components of the enhanced observing
system over the tropics were the constant-level balloons. Nadav Levanon was one of
my graduate students, and he and I built a tiny radioaltimeter which weighed only a
few grams but permitted the balloon's height above the ground to be measured to the
nearest 50 cm at an altitude of 20 000 m. The balloons also carried a very accurate
pressure sensor. Data from more than 350 of these constant-level balloons were relayed
by Nimbus-F to a NASA ground station and gave us the first global air motion
trajectories over the southern hemisphere. It was helpful in understanding the
circulation there. Also, such streams of potentially useful data were being generated by
the spin-scan cameras and other advanced technology sensors that we had to devise
computer-assisted means of dealing with them. This applied more than anything to
measuring cloud displacement accurately so as to derive the wind at that level. Our
sustained efforts since the early 1970s in the data-management problem led to what
became known as MciDAS, for Man-computer Interactive Data Access System.
Nowadays this data-management and analysis system assimilates data of almost any
type, and is used for both research and operational weather prediction.

Conducting a tethered balloon experiment aboard the USSR research ship
Academician Karolov during tests in the
Atlantic prior to GATE

H. T. -The success of GATE owed a great deal to the images from SMS-1 which was
placed above the mouth of the Amazon for the purpose, and so the intrinsic value of a
geostationary observing platform in space was amply demonstrated.

V.E.S.- Yes, it encouraged other countries and consortia to launch their own. After
GATE terminated late in 1974 the SMS-1 was moved westward to longitude 7S'W
from where it could survey the Gulf of Mexico and the USA's famous 'tornado alley'
better. It then became known as GOES (east), and GOES (west) was put up and
stationed above longitude 13YW. Japan's Geostationary Meteorological Satellite was
placed at 140'E in July 1977 and the European Space Agency's METEOSAT-1 took up
position above the Greenwich meridian in December the same year. METEOSAT
carried an exciting new sensor in the form of a scanner in the water-vapour channel
(5. 7-7.1 !liD) that performed excellently. Finally the USA moved its third geostationary
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satellite over to the Indian Ocean in time for the GARP Global Weather Experiment to
fill the large gap left by the other four. Meanwhile the Vertical Temperature Profile
Radiometer had been developed and was carried on some polar-orbiting satellites, a
tremendous breakthrough.
H. T. - What were your contacts with the people planning the Global Weather
Experiment?

V.E.S. - In the USA the main initiators of the Global Atmospheric Research
Programme were Jule Charney, Tom Malone and Joe Smagorinsky, and the years
leading up to the Global Weather Experiment in 1978/79 were memorable to anyone
working on the Joint Organizing Committee, as I did, with its complement of gifted
people from different countries like Bolin, Bugaiev, Doos, Garcia, Moller, Morel,
Pisharoty, Priestley, Sawyer, Stewart and many more besides. Early in the planning
process, three kinds of satellite observations had been pronounced as being of highest
scientific importance: temperature profiles from all over the Earth, geostationary
platforms to monitor severe weather, and data on global cloud cover. Dave Johnson
was director of the weather satellite service, and he and I drafted a letter for signature
by Bob White addressed to Dr H. Newell, Associate Administrator of NASA, setting
out these desiderata. Given global coverage by vertical temperature profile radiometers
aboard polar-orbiting satellites, one can deduce atmospheric motion from the mass
field in extratropical regions, but in the equatorial zone this does not work because the
Coriolis parameter is so weak. Therefore there was suddenly new interest in my idea of
deriving wind vectors from cloud movement measured from geostationary satellites,
and it was agreed that this should be included as a component of the Experiment
observing system. Whereas the signals from GOES (east) and (west) could be received
directly in the USA, we had to rely on a station in Spain to record transmissions from
GOES (Indian Ocean) and airmail the tapes daily to Wisconsin. As I said a moment
ago, it was mainly this calculation of cloud-level winds over the tropics that gave birth
to MciDAS.
H. T. - What were the prospects of vertical temperature profile radiometers being
mounted on the geostationary satellites?

V.E.S. - The geostationary spacecraft are almost 40 times further out than the
polar-arbiters, and at first it was thought that the energy loss in travelling the extra
distance would make radiance measurement hopeless. However, we then realized that,
because the satellite remains stationary above the Earth's surface, it would be possible
to make repeated soundings over a spot in a clear area, thereby improving the
signal-to-noise ratio. After many years of negotiation, we succeeded in getting the
VISSR Atmospheric Sounder (VAS) aboard the GOES-4 satellite which was launched
in 1980. Under good conditions these 'dwell' soundings as they are called give a better
result than the vertical sounders on the polar-arbiters. With the information on the
changing temperature structure that it provides, plus rather rudimentary indications of
the moisture structure, the VAS has proved very valuable in predicting severe weather.
Professor William Smith is running this part of the system at Wisconsin.
H. T. - Your interest in satellite instrumentation was not confined to Earth-orbiting
spacecraft. Could you say something about soundings over and on other planets?

V.E.S. -In the solar system we have all these planets of different sizes, different speeds of
rotation and different atmospheres, and what interested me in particular was how the
winds varied from one to another. I was on the imaging science team for the 'Pioneer' and
'Voyager' missions and so took part in interpreting data from Venus, Jupiter, Saturn and
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Uranus. Venus has an atmosphere 100 times as dense as that on Earth, with thick
continuous cloud cover. There is a strong zonal circulation between giant hemispheric
vortices at either pole, and the cloud-top winds are of 100 m s- 1, meaning that the air above
the equator circumnavigates the planet in four days although the planet itself revolves
only once in 24 3 days. The Pioneer mission released three small probes equipped with net
flux radiometers and other instruments which penetrated the Venusian atmosphere and
reached the surface where they indicated a temperature of 735 K with no diurnal
variation. Only 2. 5 per cent of the incident solar radiation gets down to the surface, but it is
trapped by the thick C0 2 layers. Jupiter and Saturn are both huge planets with a rapid rate
of rotation and atmospheric winds reaching 500 m s- 1 in the equatorial jet. When you
realize that these two planets receive only about one per cent of the solar energy received
on Earth, for these winds to be sustained it seems obvious that there must be internal
sources of heat.

This picture shows the
three small probes carried
by the 'Pioneer' mission
to Venus that were spun
off and allowed to descend to the planet's surface
Photo: SSEC

H. T. slow.

One wonders why the atmospheric circulation over the Earth is relatively

V.E.S.- I believe that the reason lies in the hydrological cycle. The oceans cover most
of the planetary surface and absorb a tremendous amount of energy, and more is taken
up by evaporation from the sea surface. Also, a large part of the heat transport from the
Equator towards the poles is by the oceans. Coming back to the other planets, I should
just like to say a word about Uranus. Its axis of rotation is a mere eight degrees from
the plane of its orbit around the sun, meaning that the poles receive more solar heat
than the equator. One would expect to find a thermal gradient opposite to that on
Earth, but it seems that the equator on Uranus is as warm as the poles, lowest
temperatures occurring at around latitude 30'. There is a banded cloud structure
aligned in an east-west direction and wind speeds reach well over 100 m s- 1• We are
still trying to solve these and other enigmas.
H. T. -

I should be interested to hear more of your recollections of Professor Rossby

V.E.S. - Rossby was a wonderful guy. He could talk you into parting with the shirt
from your back and still make you feel you had got a bargain. He was a tremendous
source of inspiration; at least he certainly inspired me. He would present a problem
descriptively and graphically so that everyone understood what it was about, and then
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go into the mathematical explanation. This was invaluable to me because my training
in physics had not been as complete as many of my colleagues'; in fact I took it as a
great compliment when one of them said 'Well, you've certainly gotten a lot of mileage
out of your freshman physics'. Yes, it was pure pleasure working under Rossby. When
he left Chicago to return to Stockholm he invited me to go there to finish my degree,
but that never materialized. I completed it under Horace Byers. In the course of time I
had Rossby's elder son Stig as a student; I remember he was interested in detecting
lightning from space and wrote his thesis on that. I did not know the other son so well,
but he became an oceanographer interested in the transport of heat within the ocean,
and that is now an interface with the community of atmospheric scientists.
H. T. -

What have been your involvements with the AMS?

V.E.S. - I was on some of the early committees and served a couple of terms on the
Council, having my year as president-! think that was 1967. During the rather short
time I was active with the AMS there were four things that I regard as my main
achievements: the introduction of the Journal of Physical Oceanography; acceptance
by a simple majority instead of a two-thirds majority in voting; the election by the
Council itself of one of the five members that come up for election each year; and the
start of the joint conferences on GARP with the Royal Meteorological Society. I was
thankful for the help and support of Ken Spengler, Evelyn Mazur and the other hard
workers in the secretariat during my term at the helm of the AMS.
H.T. -You gave up teaching in June 1986. What are your main activities nowadays,

and how does semi-retirement suit you?
V.E.S. - To mark the end of my active professorship, the people at Madison had the
great idea of organizing a workshop on meteorological satellites past, present and
future. I must say it was a wonderful experience to see so many people from all over
the world, who came and gave a nice series of lectures and paid their respects. We had
a splendid evening roast, and for once my emotions left me at a loss for words. I can
only thank these good people and soak in all the good feelings. But I am still half-time
director of the Space Science and Engineering Center, and I am here at the Joint
Scientific Committee meeting largely in connection with the planned Global Energy
and Water Experiment (GEWEX) which I am convinced will be very important to
society in a number of ways.
H. T. -

Can you say what was the most unforgettable moment of your life?

V.E.S. - Without any doubt it was when the ATS-1 geostationary satellite was
launched and we got the first images of the Earth's disk. As a matter of fact, I was in
Washington at the time of the launch, and so I wanted to go to the operations room at
the Goddard Space Flight Center to see how things went. However, I had forgotten to
complete the necessary formalities beforehand and the guard at the entrance would not
let me in, whilst a group of boy scouts who had been cleared passed through without
difficulty. Luckily a colleague associated with the programme saw me and managed to
get me admitted in time for the launch. The most thrilling moment for me though was
when those first pictures started coming through, and I still recapture it when I look at
them 20 years on.
H. T. -

What would be your advice to a young person who told you he wished to study
meteorology?
V.E.S. - I would say that in the circumstances of today meteorology is rather too
narrow a field, and suggest that climate is where there will be the greatest scope.
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Historical climatology is essential but not very exciting; what I have in mind is
forecasting the climate. We do not have a theory of climate and it will be exceedingly
difficult, but the field is immensely challenging. You can get into it through space
applications because of the new kinds of observations required, or you can get into it
through modelling and through theory. There are too many interfacing disciplines to
list, but oceanography, chemistry and extraterrestrial sciences are examples. I believe
we have a rare opportunity to use hydrometeorology as a sort of window to science in
general, because people are becoming interested in it and see its relevance. I thoroughly
enjoyed giving introd,uctory courses in meteorology where you can splice in so many
and diverse activities. My conclusion is that being a professor is the most wonderful
job in the world, and the University of Wisconsin has been extremely good to me. I
hope they got some return from my efforts.

H. T. -Can you imagine yourself ever retiring 100 per cent?

VE.S. - No. It seems that now I am officially semi-retired I am actually working
harder than ever at more things, but I love it. I did have some cardiac problems at one
time but they are under control, and if I am careful I think I may live to see the new
millennium.
H. T. - Well, if I am still alive too I shall send you a telegram. Thank you very much for
this very interesting interview, Professor Suomi. I know that readers will join in wishing
you health and strength to continue your remarkably active retirement for many long
years.
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Professor R. Fj~rtoft
Norway forms the west and north-western fringe of Scandinavia, being bordered to
the east by Sweden and in the far north by Finland and the USSR. The mainland lies
between latitudes 58' and 7J'N, but the largely glaciated archipelago of Svalbard that
lies between 76W and 801h'N is also Norwegian territory, together with the isolated
outposts of fan Mayen and Bear Island. Two-thirds of the mainland of Norway is
mountainous, the land having been uplifted during the Cainozoic era beginning some
70 million years ago, the valleys sculpted during the Pleistocene ice-age one million
years ago and subsequently partly flooded by the sea to form the complex system of
fiords that characterizes the western and north-western seaboard. There are more than
160 000 lakes and a similar number of offshore islands.

Professor Ragnar Fjcirtoft
Photo: H. Taba

The Gulf Stream transports between four and five million tonnes of relatively warm
water every second to the seas around Norway and this keeps the fiords from freezing,
even in the Finnmark region above the Arctic circle. Western Norway has a maritime
climate with comparatively mild winters, cool summers and an annual precipitation of
as much as 2000 mm, whereas further east the winters are colder, the summers warmer
and annual rainfall generally less than 1000 mm. There are dense forests of spruce and
pine, and birch are found at altitudes up to 1200 m above sea-level. Bilberries,
cranberries and yellow cloudberries grow in abundance. Animal life typical of arctic
regions, including reindeer, weasel and lemming, occurs in all regions although in the
south they are restricted to the mountains; bear, wolf and lynx are found only in a few
areas. There is a large variety of birds. Most of the rivers contain trout and salmon,
offering sport that attracts anglers from far afield, and the harvest of the seas provides
one of the country's main industries.
Most of the 4.1 million people of Norway are typically nordic: tall, with fair hair
and blue eyes. The Lapps or Laplanders, dark-haired and short, were actually the first to
settle some 10 000 years ago, having come from Central Asia. They now live with their
herds of reindeer on the far northern plateau called Finnmarksvidda, still following a
partly nomadic way of life. In Northern Norway live some 7000 Kvener who originally
immigrated from Finland. There are two official forms of Norwegian language: Rigsmal
and Nynorsk (or Lands mal), derived from the north Germanic group.
Norway ranks ninth in the per capita gross national product league table of the
world. Some 90 daily newspapers are published. The principal preoccupations of
Norwegians at present are the stresses that come from living in an advanced industrial
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country and the consequences of environmental pollution, especially acid precipitation.
Oslo, the capital, lies at the head of Oslo Fiord in the south-east of the country.
Compared with most metropolitan cities it is small, with a population of barely half a
million. Dr H. Taba went there in June 1987 in order to conduct the following interview
with Professor R. Fjlirtoft, Director of theNorwegian Meteorological Institute from 1955
to 1978 and well known for his contributions to fluid dynamics and numerical weather
prediction. We are grateful to Professor Arnt Eliassen, Professor Fjlirtoft's
fellow-countryman and long-time colleague, himself highly reputed in meteorological
circles, for the following introduction.
'I first met Ragnar Fj@rtoft when we were both science students at the Univeristy of
Oslo before the Second World War. In 1938 we attended a series of seminars on
classical theoretical physics led by Vilhelm Bjerknes and his assistant,
Einar Hoiland. The following year we both took a course in weather analysis and
forecasting given by Sverre Petterssen. We also attended lectures by Halvor Solberg
based on the heavy volume Physikalische Hydrodynamik which we referred to as
''The Bible".
It was immediately clear to me that Ragnar was an exceptionally gifted person.
For its time, Solberg's curriculum was quite advanced in theoretical
hydrodynamics, yet Ragnar had a wonderful command of this field, together with
the relevant mathematical methods and physical background. We had discussions
on all meteorological problems imaginable, from which I profited greatly. For
instance, I can remember a long talk on irreversible processes and entropy
production in the atmosphere, a subject that was not properly treated in the
textbooks of the day.
One ofRagnar's first papers, entitled "On the frontogenesis and cyclogenesis in the
atmosphere" 1 (which, incidentally, does not deal very much with either
frontogenesis or cyclogenesis) is a real masterpiece. He considered the stability of a
baroclinic circular vortex with respect to axially symmetric perturbations, and
pointed out that the kinetic energy of the tangential vortex motion is a function of
the meridional displacements, just like the potential energy. On this basis he could
derive the stability criterion from the energy equation in a rigorous manner.
His next paper 2, which was his doctorate thesis, was even more remarkable. Here
he gave proofs of Rayleigh's "inflection-point criterion" for the stability of a
barotropic vortex or linear flow with respect to arbitrary plane perturbations, based
directly on the conservation of vorticity and (angular) momentum. Then, taking
account also of the energy equation, he established that instability requires the
absolute value of vorticity to have a maximum, not a minimum, within the flow
(Fjlirtoft's theorem). Applying this to the atmosphere, he arrived at the criterion of
barotropic instability. Finally he considered more general wave disturbances in a
baroclinic atmosphere, and obtained stability criteria which reconciled the results
ofCharney and Eady. Many of the deductions in this paper are quite involved, and
Ragnar clearly refused to sacrifice rigour for easy readability. As a result, it
requires tremendous application to study the paper properly, and, to my knowledge,
few people have managed it. Van Mieghem was one of them; as he struggled with
the text in Stockholm in 1952, he asked me if I could help him with a certain
derivation which he could not figure out. I think the text read: "By a
straightforward procedure we obtain ... "I could not figure it out either, so I wrote
to Ragnar who kindly set out the derivation - on five pages!
Ragnar's paper with Charney and van Neumann 3 is a well-known bench-mark in
the history of numerical weather prediction. Of particular importance was their
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discussion of the difference between inflow and outflow boundaries, a problem that
still haunts designers of limited-area models.
After his return from Princeton, Ragnar developed a graphical method of
integrating the barotropic vorticity equation. It was based on advection of l'OI'ticity
in a space-smoothed field of motion and subsequent solution of the Poisson
equation, to obtain the predicted stream-function. All operations were done by
graphical additions or subtractions of scalar fields, drawn on tracing paper. The
method could have been extremely useful if computers had not just then become
available, or if Rossby and Fj@rtoft had been born a few decades earlier. But of
course, this "greaseproofpaper" method could not compete with numerical
integration by electronic computer.
Ragnar also tried to make barotropic forecasts by an optical analogue method. He
noted that the tendency could be expressed as a surface integral of the product of
the vorticity advection and the relevant Green's function. Multiplication of the t1vo
space functions as well as integration could be evaluated optically by passing light
through two film sheets whose transmittances represented the two space functions,
and measuring the total transmitted light. However, in spite of heroic efjorts
involving the calibration of thousands of small pieces offilm with various degrees of
blackening, the results were not encouraging, and the method was abandoned.
In 1953 came one of Ragnar's most celebrated papers. 4 From the conservation of
energy and entropy he showed that, in a two-dimensional non-divergent flow, any
changes in the energy spectrum must involve simultaneous energy transfer in both
directions of the spectrum. This theorem shows the fundamental difference between
two-dimensional and three-dimensional motion, and has been of basic importance
for the study of the atmosphere's energy spectrum.
Although Ragnar's duties as Director of the Norwegian Meteorological Institute
from 1955 kept him busy, he continued to produce scientific papers. Several
contributions on the general circulation and on spectral changes in a baroclinic
atmosphere contain a wealth of interesting results which I believe deserve to be
more widely known.
Inspired by his eo-worker, the late Jack Nord@, in recent years Ragnar has taken up
the study of statistical methods in meteorology. In a series of papers he has
developed probability models and statistics for estimating extremes, applied, for
example, to precipitation or ocean-wave climatology. This work has proved to be of
great practical value.
I think Ragnar is one of the most gifted and original thinkers in the field of
meteorology. He seeks to formulate his results with a maximum of generality and
with mathematical rigour. His papers are not always easily accessible, but they
constitute an impressive contribution of lasting scientific value. He is still very
active, and at the Institute of Geophysics in Oslo we are lucky to have him among
us as a stimulating colleague and friend. '
Professor Fj@rtoft is a member of the Norwegian Academy of Sciences and has sat
on numerous meteorological research committees, being at one time chairman of the
Norwegian Geophysical Association. He has been awarded the First Class Order of St.
Olav.
This interview took place in Professor Fj@rtoft's home on Monday, 8 June 1987.
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H. T. -

Professor Fj0rtoft, please would you start with a few words about your family
and early education ?

R.F. -My father came from FjQ\rtoft Island off the north-west coast of Norway, my

mother was from KragerQ\ in the south-west, and I was born in Oslo on 1 August 1913.
From the age of seven to fourteen I went to primary and secondary schools in Oslo,
and then the family moved north to Trondheim, about 400 km from Oslo as the crow
flies. I took my Artium there in 1933, which was also a university entrance
examination. Although the matter was never actually discussed in the family, it was
assumed that I would go on to the University of Oslo. There was a technical college at
Trondheim, but although I had once built a small radio receiver, I did not feel I had
enough practical ability to become a good engineer.
H. T. -

What courses did you take at V niversity?

Perhaps you remember that 1933 was the year that Hitler came to power in
Germany, and political feeling amongst intellectuals in Norway became rather highly
charged, especially at the University. The fascist-oriented philosophy never made any
headway, but we had a strong left-wing student movement with which I was closely
involved for a year or two. Therefore it was not until 1935 that I took my first
examination in mathematics. The other courses were mechanics, physics, physical
geography and, as main topic, theoretical meteorology.

R.F. -

H.T. -Was there any particular reason that made you choose meteorology?

In those days about the only job available to graduates in the natural sciences
was high school teacher. By taking this course I had the possibility of becoming a
professional meteorologist, and I had also found out that the same applied in other
countries as well, which was particularly appealing to a young man seeking new and
exciting experiences.

R.F. -

H. T. -Norway was then at the forefront of meteorological theory, so I suppose you had

no problem finding a university course in that subject?
Halvor Solberg had already been giving a full course in theoretical meteorology
for five or six years. He had worked with Vilhelm Bjerknes's group in Bergen during
the early 1920s drawing maps and preparing forecasts, so he had a thorough grounding
in practical meteorology, but he was also a very clever mathematician and theoretician
who gave his students an excellent insight into the basic equations that had to be used.
Studying meteorology along with me was Arnt Eliassen, who became a lifelong friend
and colleague. I remember very well the seminars we had, led by Bjerknes and
Hoiland, on theoretical physics with lots of problems on hydrodynamics. Einar
Hoiland was then an assistant to Vilhelm Bjerknes. He had an extremely sharp and
logical mind which he loved to exercise by discussing hydrodynamic problems at great
length, sometimes even over the telephone in the late evening. On the whole, the
education I got in theoretical meteorology, and dynamic meteorology in particular, was
probably the best that could be obtained in those days.

R.F. -

H. T. -

Where did you go after graduating?

A six-week course was arranged on weather analysis and forecasting early in
1939, mainly to meet the growing needs of civil aviation. It was given by Sverre
Petterssen, then chief of the forecasting centre at Bergen. Participants were last-term
university students in meteorology, in addition to a few others such as Wouter Bleeker
from the Netherlands. Shortly after taking that course, and before I had completed my
Master's degree, I was sent as a trainee forecaster to the Bergen centre. The staff there

R.F. -
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were totally dedicated to their work, and gave systematic and careful advice in
practical weather analysis and forecasting. Since the centre had originated with the
Bergen school, naturally they stuck to the polar front theory, anything else being
regarded as mortal sin. After some time I was permitted to start making my own
forecasts based upon my own analyses. I shall never forget how gratifying it was when I
made my first correct forecasts. Not so good was waking up in the middle of the night
to hear a howling gale that I had not foreseen. However, I soon learnt to play safe and
issue a gale warning if I was in doubt.

Dr Fjl'lrtoft greets His Majesty King Olav of Norway for the celebration of the
centenary of the Norwegian Meteorological Institute.
Photo: A-foto AIS

H. T. -What happened to you when the war broke out?

R.F. - When the war broke out in Europe, things became more difficult for weather
forecasters because we received observations only from neutral countries. I remember
that we once detected a low-pressure system off the east coast of the USA and, guessing
that it would move eastwards at so many knots across the Atlantic, kept it on the chart
until it was due to reach Portugal. We were immensely proud when pressures began to
fall there on cue, although it may well not have been the same low at all. So you see,
prognosis by extrapolation had to be one of our main analytic tools at that time of huge
gaps in the network of observations. From the time the Germans occupied N01way in
April 1940 until the end of the war in May 1945 there was no Norwegian weather
forecasting service. Instead we were occupied in keeping the station network working
properly, running internal seminars and carrying out scientific work. I finished my
Master's degree, and was also busy cataloguing the library. There were many
interesting books and papers, and I was somewhat surprised at the number of
developments in international meteorology that had pointed towards the polar front
theory, but had been allowed to sink into oblivion.
H. T. - Perhaps you could say something about the Norwegian Meteorological
Institute?

R.F. - The Institute was established in 1866, and Henrik Mohn was its director
until1913, being at the same time professor at the University. In those days, relatively
few heads of Meteorological Services had a scientific background, but this has always
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been traditional in Norway. Theodor Hesselberg was the next director, in office for
40 years and President of the IMO from 1935 to 1946. He retired in 1955 and I
succeeded him, being director for 23 years until 1978. I remember that at a conference
of directors of Meteorological Services in Portugal, nobody would believe that I was
only the third director of a Service that had already celebrated its centenary!

H.T. - Before we come to your period as director of the Norwegian Meteorological
Institute, please would you tell our readers about meeting Jule Charney and going to the
USA.
R.F.- Charney was studying at the University of California at Los Angeles under two
Norwegian professors: Jakob Bjerknes and Ji:irgen Holmboe. They were working on the
baroclinic wave theory but could not find a rational explanation for the fact that the
phase of waves changed with height. After he had completed his doctorate thesis
in 194 7, Charney got a scholarship to work in Norway for a year, and that was how
Arnt Eliassen and I made his acquaintance.
H. T. -As you may know, I had hoped to interview Charney in this series, but sadly this
did not materialize. What were your impressions of him?
R.F. -My first impression when I met him in Norway was of a charming person, and
this was reinforced with time. He had a deep and genuine passion for scientific
matters, with no evidence of the overriding personal ambition that characterizes some
professional meteorologists. He was truly interested in what other scientists were
doing. No doubt you remember about his unconventional working hours; how he
would arrive at about two o'clock in the afternoon, and even then not be ready to start
work straightaway. But he was highly stimulating and it was easy to work with him. I
would like to think that perhaps he got some ideas from me, too. This was when the
first computers appeared on the scene, and Charney knew that on his return to the
USA he would be the leader of a group at the Institute for Advanced Studies, and have
access to the prototype ENIAC machine belonging to the military authorities. He
invited both Arnt and me to go to work with him at Princeton. Arnt went first.
H.T.- Were your expenses paid by the Norwegian Meteorological Institute?
R.F. -No. We would receive a good salary once we were in Princeton, but it was up
to us to find the money for the journey there, and in those days foreign currency was
still exceedingly difficult to obtain in Norway. It happened that I taught meteorology to
a group of young Americans who came to Oslo for a summer school, and a few of them
decided to stay on in Europe and wanted to sell their return tickets through the
American youth travel agency in Paris. I managed to buy about US$1 00 from
Professor Sverdrup who had just returned from La Jolla in California. With my wife
and two small children I left in the late summer of 1949 for Paris, and then England,
where we boarded the s.s. Aquitania. By then I think I had about 50 cents left, and in
mid-Atlantic I was called to the purser's office and told that I would have to pay a
'head tax' before I would be allowed ashore. Normally the tax was included in the fare,
but that was not the case with the American students' tickets. The situation was most
embarrassing. I had got to know a very pleasant Scotsman who was emigrating to the
USA, and, contrary to what one often hears about the Scots, he generously agreed to
lend me the money to pay this head tax. I had not dared to ask him for anything more
than the amount I needed then, with the result that when we reached Montreal I had to
go to the Norwegian consulate to borrow more money so that we could eat on our train
journey from Montreal to Princeton. With difficulty I managed to telephone Eliassen
from New York, and he met us at Princeton Junction. There was going to be a party
that same evening, and he had thoughtfully bought me a new shirt!
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H. T. -

How long did you stay in the USA?

For about eighteen months on that occasion. Before I left for home, I spent two
months with Rossby in Chicago, two more with Bjerknes and Holmboe at UCLA, and
two weeks with Petterssen near Washington. I visited Princeton again for a year
in 1954, then was invited by the American Meteorological Society to give lectures at a
number of universities over a four-week period in 1962, and I worked for a year at the
National Center for Atmospheric Research at Boulder (Colorado) in 1964 as recipient
of a Rossby memorial fellowship.

R.F. -

H. T. - Would you please say something about the scientific work you did at
Princeton?
During my first visit I was just a member of the team that organized and
carried out numerical integrations of the non-linear barotropic equations. As is well
known, most of the theoretical foundations had been laid out years before by Rossby.
Four 24-hour forecasts were run on the ENIAC computer at Aberdeen, between
Philadelphia and Washington. Being a military establishment, security was very strict
and we were virtually locked inside with the machine. Results came out on punched
cards that had to be read, rearranged and fed back into the computer. Working day and
night, it used to take us 24 hours to prepare a 24-hour forecast! Nevertheless, the
forecasts verified quite well in spite of the model's simplicity. This had rather an
electrifying effect on the world meteorological community. I must admit that it came
as a surprise to me, with my background of the polar front theory and its emphasis on
baroclinic effects. In the quest to understand the atmosphere's behaviour there is
seemingly still a scientific challenge: to find out the degree to which barotropic and
baroclinic effects can be considered as operating separately, and to what extent they
must be regarded as coupled phenomena. Dming my second visit to Princeton I was
primarily engaged on developing the ideas behind the concept of a quasi-balance of the
horizontally divergent wind fields.
R.F. -

H. T. - During this period you were also interested in the study of the stability
properties of large-scale atmospheric disturbances?
R.F. -This interest stemmed from the fact that the large-scale motion of the Earth's

atmosphere can, to a first approximation, be represented by a solid rotating from west
to east. Upon this we superimpose a more or less orderly zonal flow in the relative
motion and then the large-scale disturbances familiar in meteorology. Perhaps the
phrase 'disturbances in a zonal flow' sounds artificial, since the hydrodynamic
equations are directly applicable to the total component of the flow. However, from
studying hemispheric weather maps, one does get the impression of an orderly zonal
flow on which are superimposed disturbances that behave to some extent as physical
entities. Furthermore, the zonal flow and the disturbances undergo systematic changes
that are very important as regards the weather. Therefore, this separation of the
atmospheric circulation into zonal flow and disturbances superimposed on it permits
one to isolate at the outset certain phenomena related to the actual weather. It also
enables one to deal satisfactorily with problems in which a detailed knowledge of the
motion is unnecessary, for instance stability investigations in the context of barotropic
disturbances. Of course, for quantitative treatment this separation has to be expressed
in mathematical terms.

H. T. - Please say a few words about your graphical integration of the barotropic
vorticity equation
Very briefly, I showed that by advecting the vorticity fields with a spatially-averaged wind field, a useful 24-hour forecast can be obtained in one

R.F. -
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time-step. Since the whole operation is done graphically, a 24-hour forecast could be
completed in about three hours by one person. However, the development of the
electronic computers rendered this procedure pointless.
H. T. - I believe you also did some original work in the field of atmospheric
energetics?

R.F.- I studied some aspects of the energetics of the general circulation because I was
convinced this would add to our fundamental understanding of it. If you regard the
atmosphere's kinetic energy as being dependent upon external heat sources and surface
friction, it is clear that it is controlled externally by the sun and the Earth's surface. It
seems that even given constant external conditions, the atmosphere can have a number
of different dynamical regimes that can persist for some time, but it is very likely that,
provided the periods are sufficiently long, these regimes will average out to one that is
uniquely defined by the external conditions. Radiation from the sun, the spherical
shape of the Earth, the inclination of its axis of rotation, inhomogeneities of the Earth's
surface and the way in which the thermodynamic properties of the Earth's surface
differ from those of the atmosphere, all these are fundamentally the factors that
maintain temperature differences in the atmosphere. Movement of air masses
constantly rearranges the temperature distribution, thereby maintaining all those
solenoid fields responsible for the production of kinetic energy against the dissipative
loss by friction. It is therefore important to study the problem of how external
conditions define the long-term state of the atmosphere. The complexity of the
problem is so great when dealing with it analytically that it has to be simplified by
restricting dynamical degrees of freedom to a level that seems the minimum
acceptable, and by using very simple laws for frictimial dissipation and heating. In this
way one can hope for some qualitatively correct results.
H. T. -

Wha~

was your work after you had returned to Norway?

R.F. - To start with I was a forecaster for the Meteorological Institute in Oslo in the
same office as Arnt Eliassen. Then I learnt that I had been accepted for a professorship
at the University of Copenhagen, so a few months later we moved to Denmark. Here I
had two very good student-collaborators: Erik Eliassen and Aksel Wiin-Nielsen.
In 1954 I obtained leave of absence from the university and returned to Princeton to
carry on work applying theory to numerical weather prediction.
H. T. -When Dr Hesselberg retired in 1955, you applied for the post of Director of the
Norwegian Meteorological Institute; I remember that because I was in Stockholm then,
and Rossby said how much he hoped you would get the job.

R.F. - Did he? Well, it was not an easy task to take on, if only because having
regional forecasting centres at Oslo, Bergen and Tromsi:i inevitably leads to spirited
competition for resources. When I was appointed director, one of my primary
objectives was for the Institute to acquire its own computer. Rossby already had one at
the University of Stockholm. When ours was installed in 1961 we were the second
Meteorological Service in Europe to be so equipped. The Norwegian Government was
convinced that this was a sound investment and gave us full support. We started with
barotropic and two-parameter baroclinic models.
H. T. - I understand that Norway is one of the few European countries not yet
subscribing to the ECMWF. Why is that?

R.F. -When the Minister for Foreign Affairs asked for our opinion on the project in
the 1960s. we sought the views of the Norwegian academic meteorological community.
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The consensus was that Norway should join eventually, but not until after the GARP
Global Weather Experiment. We were heavily committed to the experiment, especially
as regards ocean buoys. Moreover, we were just embarking upon the World Weather
Watch plan and implementation programme. There was a suspicion that the ECMWF
was politically rather than scientifically motivated. At that time the United Kingdom
was not yet admitted to the European Economic Community, but because of its
scientific and technological resources there was a wish to get it more involved in
European activities; there may also have been a certain resentment on the part of some
countries that western Europe had no World Meteorological Centre in the WWW
system. Another thing was that the USA already prepared medium-range forecasts for
virtually anywhere in the world, so why set up another centre? Those were mainly the
reasons that Norway reserved its position. I believe, however, that the time has now
come for us to join in supporting the Centre.

The centenary celebration in the great hall of the University of Oslo
Photo: Rager

H. T - I have asked Arnt Eliassen to introduce you to readers of this interview, so it is
only fair to invite you to say something about him.

R.F.- We have been like twins as far as our training and careers are concerned. Arnt
has taken the time to study most of my papers, whereas other people sometimes give
up because they find them too difficult to follow. I am very grateful to him for that,
and for the times that he has brought me back to earth when some of my ideas were
just too high-flown. His early central role in developing methods for the numerical
integration of the prognostic equations was unique, and merits the appreciation of
forecasting centres all over the world that now profit from modern prediction
processes. I retired four years ago and Arnt retired two years ago, but we still have
next-door offices at the University. Arnt has recently been working a lot on the subject
of mountain waves, but he continues to read scientific papers on almost everything
connected with the atmosphere, and it is very much through him that we keep abreast
. of developments.
H. T. -

What are your main interests these days?

R.F. - Methods of developing probability models of specific meteorological events.
Also I am studying the extent to which the phases of synoptic-scale phenomena are
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determined by the structure of the quasi-stationary large-scale flow patterns through
non-linear interactions.
H. T. - What are the moments in your professional career that you remember with
greatest pleasure?

I could not point to any specific occasion. As a scientist, I was tremendously
elated whenever I found that I had grasped an insight into a particular problem and
could devise a satisfactory solution to it. As a member of the international
meteorological community I got much pleasure from meeting meteorologists from
other lands, many of whom were excellent company; indeed it is really like a big
family. As Director of the Norwegian Meteorological Institute I also had some very
good times with my colleagues and fellow-countrymen. My visits to the USA stand out
in my memory too, because everything was so new and fascinating.

R.F. -

H. T. - Perhaps, in the light of your experience, you would impart to readers some
reflections on meteorology and meteorologists in the world of today?

The coming of supercomputers has opened up vast new possibilities, but it
must not be believed that they will solve all our problems. There is still plenty to
challenge meteorologists' intellectual capabilities. We must be able to understand the
physical and dynamical rationale for every observed process in the atmosphere, and be
able to parameterize it properly for incorporation in our numerical models. Yes, there
is a tremendous amount of scientific work still waiting to be done. Meteorology is a
first-class subject for students because it shows how to apply the physical laws; indeed,
the equations are few and quickly written, yet they cover such a wide spectrum: sound
waves, turbulence and large-scale eddies, for instance. Even with our supercomputers,
we have to accept that there will always be a limit to the range of useful deterministic
weather forecasts, and at that point we turn again to the concept of mean values and
probabilities. From the point of view of planning, that is all-important because the
economic stakes can be enormous, as we have seen from petroleum exploration, or the
social consequences can be even higher, as we have seen in the Sahel and other
drought-prone regions. Then there is the other end of the prognostic time-scale, namely
nowcasting or very-short-range prediction, where the art is in accurately analysing and
continually updating your weather map with frequent new observations. Lives depend
on this being done conscientiously and the users being kept informed of the situation
by people with a gift for communicating effectively with the general public. Finally, we
need research that goes hand-in-hand with the routine weather forecast function,
otherwise how are we to be sure that we are using the best prediction technique? You
cannot expect the duty forecasters to be able to do that.

R.F. -

H. T. - Professor FjtSrtoft, thank you very much for this very interesting interview. I
hope you will continue to enjoy good health and an active retirement for many more
years.
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Academician A. M. Oboukhov
The USSR Academy of Sciences dates from 1725 and is the country's supreme
scientific institution. Previously known as the St. Petersburg Academy (until 1917), then
the Russian Academy (until 1925), its headquarters was transferred from Leningrad to
Moscow in 1934. The very size of the Soviet Union dictated the need for some
regionalization; thus there is the Siberian branch and scientific centres for the Far East
and the Urals, as well as 11 affiliated institutes. The Academy co-ordinates activities of
Union Republics, trains scientific workers, publishes books and journals, awards medals
and prizes for outstanding achievement. In 1982 there were 269 academicians,
536 corresponding members and 77 foreign members. Approximately 42,000 scientific
staff were working in more than 250 institutes. Since 1917 there have been seven
presidents of the USSR Academy of Sciences, the present incumbent being Academician
G. I. Marchuk whose interview was published last year (WMO Bulletin 36 (3)
pp.163-170).

Academician A. M. Oboukhov

The Institute of Atmospheric Physics is part of this confederation making up the
Academy of Sciences. It was created in 1956 and has as its main purpose the application
of mathematics and physics to the study of fundamental atmospheric processes. Among
the specific fields covered are: dynamic meteorology, weather prediction, climate,
turbulence, physics of the high atmosphere, and atmospheric optics and acoustics.
Recently a programme was launched to investigate trace elements in the atmosphere and
two specially equipped observing stations were set up, one in Moscow itself and the other
some 70 km to the west at Zvenigorod. Since its inauguration more than 30 years ago,
the Institute of Atmospheric Physics has been under the leadership of one man:
Academician Aleksander Mikhailovich Oboukhov.
Academician Oboukhov is 69. He was born and brought up in Saratov, but after
graduating he joined the Institute of Theoretical Geophysics (later to become the
Geophysical Institute) in Moscow, where he was engaged in research work under the
guidance of Academician A. N. Kolmogorov. In 1956 the Institute of Theoretical
Geophysics was replaced by several separate institutes of which one was for atmospheric
physics, and Academician Oboukhov was appointed its director. He is one of the
initiators of current turbulence theory; some basic laws carry his name such as the
Kolmogorov-Oboukhov law on fine-scale turbulence, the Richardson-Oboukhov law of
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turbulent diffusion, Oboukhov's law governing spatial temperature oscillations in
turbulent atmospheric flow and the Monin-Oboukhov vertical scale for the boundary
layer. Academician Oboukhov has also distinguished himself in larger-scale atmospheric
dynamics.
In 1984 he was awarded the A. A. Friedman Prize of the Soviet Academy of
Sciences. He is an honorary member of the American Geophysical Union and the British
Royal Meteorological Society. Within ICSU he was President of IAMAP from 1963
to 1967 and then served on the IUGG Bureau. From 1972 to 1981 he was a member of
the WMO/ICSU Joint Organizing Committee for the Global Atmospheric Research
Programme (GARP). He is Chief Editor ofFizika atmosfery i okeana (Atmospheric and
Oceanic Physics) in the series Izvestiya an SSSR (Journal of the USSR Academy of
Sciences). His most recent work has involved experimental and theoretical research on
hydrodynamic instability. Indeed, when Dr Taba visited the Institute of Atmospheric
Physics to interview Academician Oboukhov, he was particularly impressed by the
department for modelling hydrodynamic instability with its tank containing a coloured
fluid that, under the effect of predetermined stresses, suddenly breaks up into a series of
individual eddies. Meteorologists have long been observing similar processes at work in
the atmosphere-the generation and decay ofeddies-but without the means to measure
them accurately.
At the Institute's scientific station at Tsimlyansk, nearly 1000 km SSE of Moscow,
research into turbulence has been going on for more than two decades, and the world's
first international comparison of turbulence-measuring equipment was organized there
in 1971 with the participation ofAustralia, Canada and the USA. Even more noteworthy
was the Institute's role in the 1974 GARP Tropical Atlantic Experiment.
Dr Taba says that he was received extremely cordially by Academician Oboukhov,
whom he judges to be an ideal leader and father-figure for his many young colleagues.
The following interview took place in Moscow on Tuesday, 7 July 1987. We are very
grateful to Academician Oboukhov for agreeing to take part in the Bulletin interviews.
Academician Oboukhov, thank you for agreeing to give this interview. First,
would you kindly say something about your early years and how you came into
meteorology.

H. T. -

A.i\lf. 0. - I was born on 5 May 1918 at Saratov, a city on the right bank of the River
Volga. My father was an agronomist who also lectured at the Saratov Agricultural
Institute, and quite early in my childhood I learnt of words like 'anticyclone',
'depression' and other meteorological terms, because of course meteorology impinged
upon his own profession. I became fascinated by the weather and the factors
determining it. So for a year between leaving secondary school and entering university
I worked at an observatory near Saratov that belonged to the Department of
Agriculture. Under the supervision of Dr V. G. Kastrov, I took readings with a
Michelson actinometer and calibrated it against an Angstrom pyrheliometer. I also
studied the Dynes recording anemometer, and working on the anemograms impressed
on me the complexity of the turbulence phenomenon. I was just 17 years old then, but
already mapping out my plans for future studies. Dr Kastrov was always ready to
advise me on how to learn the elements of meteorology; he was in a way my first tutor,
and I owe him a debt of gratitude for setting me on the right path.
H.T. -You entered the University of Saratov in 1935. What subjects did you take?

A.M.O.- Luckily there was a mathematical physics faculty at the University so that I
could study mathematics, physics and mechanics together, because my goal was to try
to unravel the mysteries of the weather in general and the complexities of turbulence in
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particular. Nowadays, with so much specialization in higher education it is often
difficult to cater for those wishing to apply mathematics and physics in some specific
domain. I went to every lecture I could that had any bearing on atmospheric processes
and weather forecasting. My subjects were actually hydrodynamics, geometry and the
theory of probability; there were no specialized courses in meteorology at that time.
The first paper I wrote was on vector correlation which was published in the USSR
Academy of Sciences Izvestiya in 1938; it was given many practical applications later
on.

H.T.- What did you do after graduating from the University of Saratov?
A.lvf.O. - I moved to Moscow to do some postgraduate studies with Academician

A. N. Kolmogorov, and I am indebted to him as the person who taught me more about
mathematics and its application to research into natural phenomena than anyone else,
although I am also grateful to several senior colleagues such as Professor
L. N. Sretensky, and I. G. Petrovsky who was then Corresponding Member of the
Academy of Sciences (he later became full member and Rector of Moscow University).
Sretensky was a specialist in hydrodynamics, and it was he who told me that Rossby
waves had actually been discovered at the end of the last century by a British scientist
called Hough, but that nobody had then been interested in such slow eddy-type
oscillations. It was only when Rossby linked them directly to oceanic and atmospheric
science that their importance was realized. I should like to pay tribute to two other
older-generation mentors: Professors D. I. Blokhintsev and M. A. Leontovich, who
helped me greatly when I started my research at the Academy of Sciences Institute of
Theoretical Geophysics in 1940. The Institute had been founded two years earlier by
Academician 0. Yu. Schmidt, and was the first in the Soviet Union to apply
mathematical physics to various global processes, including those of the atmosphere.

H. T. -

What literature was available to help you in your studies?

A. M 0. - I had the journal 'Meteorology and Hydrology' and also the Academy's
Izvestiya, both of which I studied most carefully; journals in foreign languages were
hard to obtain, especially at Saratov, but I tried to read some of the more classic works
such as those of the Bergen school of meteorologists. My Kandidat thesis was a study of
turbulence using a spectral approach to describe the motions, in fact developing the
ideas of Academician Kolmogorov who was also making discoveries in that field from
a slightly different angle than mine. I finished it in 1941 just after Hitler's forces had
invaded the Soviet Union, drawing us into the Second World War.

H. T. -

I understand that after

~he

war you went on to obtain a Ph.D.?

A.lvf. 0. -

My doctoral thesis covered a broader area; it was entitled 'Statistical
methods for describing meteorological fields' and encompassed not only turbulence
but also some problems in atmospheric dynamics and statistical applications to
climatology. I defended it at the Institute of Theoretical Geophysics in 1947 and was
then taken on by the Institute as a state research fellow. In fact the Institute of
Atmospheric Physics where I work now is a direct descendant of Schmidt's Institute;
by the mid-1950s the Geophysical Institute had grown to such a size that on the death
of Academician G. A. Gamburtsev, the last director, the Academy of Sciences decided
to have separate institutes for Earth physics, terrestrial magnetism, ionosphere and
radio-wave propagation, and atmospheric physics. When I was transferred to become
head of the Institute of Atmospheric Physics in 1956 there were 108 staff members; I
remember that well because the first paper I had to sign was the staff list. Among the
scientists transferred with me to become founding members of the Institute were
Professor V. I. Krasovsky and Dr E. M. Feigelson.
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H. T. -

What have been your main scientific interests since then?

A. M. 0. - My personal interests have never really changed: they are still atmospheric
dynamics and turbulence. During the war I became acquainted with Professor
I. A. Kibel who was opening up new perspectives in applying hydrodynamics to
weather forecasting, and his work stimulated me to try to formulate rather more
precise and reliable equations. I also discussed the problem with one of the greatest
hydrodynamicists in the country, Professor N. E. Kochin. Then, of course, the
electronic computer came on the scene and this was a new spur to our efforts. Kibel
and I were convinced that the physical basis for numerical prediction lay in calculating
vorticity and temperature advection. It was in 1956 that one of the first symposia on
this subject took place in Stockholm, and I made a short contribution on a numerical
solution to one-dimensional advection equations.

The
magnetohydrodynamic device at the Institute of Atmospheric
Physics for studying axially symmetric shear flow
instability

H. T. - Could you please say something about the work of your Institute in the context
of co-ordination and collaboration with other scientific groups and the national
Hydrometeorological Service?
A.M.O.- We maintain close links with the various institutions under the USSR State

Committee for Hydrometeorology and Control of the Natural Environment, in
particular the Hydrometeorological Centre in Moscow that now serves as a WMC. The
late Professor V. A. Bugaiev and Professor M. A. Petrosiants were both directors of the
Centre and I enjoyed very friendly relations with them. I also appreciate greatly our
ties with the Main Geophysical Observatory in Leningrad where studies are conducted
in the conventional branches of atmospheric physics. A critical factor in advancing
weather forecasting research is sufficient and reliable data from all atmospheric layers,
and we are currently engaged in acoustic sounding methods as well as sensors carried
by spacecraft. In this activity we collaborate with specialists from the
Hydrometeorological Service.
H. T. part.

I am struck by the fact that your colleagues here seem very young for the most

A.M.O.- It has been the policy of the Institute to try to attract young people. This is

vital for the future of science. One of our primary sources of talent is the physics
faculty of Moscow University, but we also have graduates from the mathematics
374

faculty and from the Physics-Technical Institute in Moscow. As a matter of fact, the
Moscow University faculty of physics has had a department specializing in
atmospheric physics for the past 20 years, and I was head of it until recently. We also
benefit from close ties with the University's meteorology and climatology department
which is now under Professor Petrosiants's directorship.
H. T. - With all your administrative responsibilities, do you find you have any time left
for scientific work?

A.M. 0. - I try to set aside a certain amount of time each week to work in the dynamic
meteorology laboratory. This is where we conduct research modelling large-scale
processes in a rotating medium. Incidentally, the three other laboratories for which I
have the scientific responsibility are those for atmospheric acoustics (under
Dr Kallistratova), turbulence and statistics (Professor Yaglom) and a field group based
at Tsimlyansk-that is between Rostov-on-Don and Volgograd-studying turbulence
using an aeroplane (Professor Tsvang).

Three stages in the rotating-pan experiment representing the generation of vortices in the
atmosphere
Photos: Institute of Atmospheric Physh·s

H. T. -What have been your involvements in international meteorology?

A.M. 0. - I have attended many international symposia. At the Assembly of IAMAP
at Helsinki in 1963 I was elected president of the Association and served in .that
capacity up to and including the Assembly at Lucerne four years later when the idea of
the GARP global experiment was discussed. I have been made an honorary member of
the British Royal Meteorological Society and the American Geophysical Union. I am
currently on the editorial boards of Tellus (Series A) of the Swedish Geophysical
Society and of Dynamics of Atmospheres and Oceans (Elsevier Science Publis~ers,
Amsterdam). At the invitation of Professor P. A. Sheppard I spent two months at
Imperial College, London, and I also visited the National Center for Atmospheric
Research at Boulder in the USA. These two trips were very valuable for the workofmy
Institute. Finally, I was a member of the WMO/ICSU Joint Organizing Committee for
GARP for some ten years. I can affirm that the data collected during the GARP Global
Weather Experiment have been exceptionally useful both to my Institute and to the
University department run by Professor Petrosiants.

H: T. -

You have received many 'distinctions in your home country too.

A.M. 0. - I was elected a Corresponding Member of the USSR Academy of Sciences
in 1953, and became a full Member in 1970. The Academy offers the A. A. Friedman
Prize for work in theoretical meteorology, and I was very proud to be chosen for this
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coveted award two years ago and to rank myself alongside such illustrious scientists as
Professors Kibel and Blinova and Academician Marchuk. My work on the temperature
field in a turbulent flow has been registered as a discovery.
H. T. - You are Editor of the journal Fizika atmosfery i okeana. What is the history of
this publication?
A.M. 0. - It was launched 23 years ago and I have been Editor all the time. It is
published under the auspices of the USSR Academy of Sciences, and there is an
English version edited by John Lumley. Although the majority of contributors are from
the USSR or other socialist countries, we welcome articles by authors from any
country.
H. T. -Would you care to comment on the role of physics in meteorology since this is the
field in which you have mainly been working?
A.111. 0. - Phsical laws are inherently essential in understanding atmospheric
processes, but before the advent of the electronic computer there seemed little purpose
in investing large resources to investigate their application in weather forecasting
because of the time needed to perform the numerous and complex calculations. Forty
years ago one could say that meteorology, climatology, geography and oceanography
were all at a comparable level as regards physical knowledge. With the coming of the
computer, the practical benefits of applying the physical laws in numerical weather
prediction have been so great that meteorology has surged ahead. It can be statistically
demonstrated that errors in 24-hour weather forecasts have been reduced by at least a
factor of three over the past 40 years, and the reliability of predictions for several days
ahead has so impressed the authorities concerned that such forecasts are now
specifically requested and acted upon by many weather-sensitive sectors of the
economy. Thus we may reasonably hope that the experience in meteorology will be
useful for oceanography and other branches of the environmental sciences. Having
said that, I must add that much remains to be learnt in meteorology.

H. T. - Which field do you suggest should have the greatest priority for research iu the
environmental sciences?
A.M.O. -That question reminds me of the one put by a student to his professor of
medicine: which is the more important organ; the heart, the liver or the spleen? The
environment is such a complex entity and the disciplines so closely linked that ideally
each should advance at the same rate. I have just said that at present meteorology has
run on ahead, but of course meteorologists find that properties of the oceans are
necessary input for weather forecasting and also for climatology, so that they are now
looking anxiously for further progress in oceanography. But if you press me to pick out
one topic, I think I would have to place emphasis on atmospheric chemistry. As you
know, changes in the chemical composition of elements of the natural environment is
an issue of growing concern, and the atmosphere is the most sensitive element in this
respect. One of the activities at this Institute is to monitor very carefully the chemical
constituents of the atmosphere. I feel strongly that atmospheric chemists should be
more closely involved in meteorological research in general.
H. T. -

What was the most unforgettable experience of your professional life?

A.M. 0. - I think it must have been when in 1948 my old friend Dr N. Z. Pin us, then
deputy director of the Aerological Observatory, arranged for a colleague and myself to
make atmospheric measurements from a free-floating balloon. Two other men
accompanied us to keep the balloon in flight and to navigate. By a remarkable
coincidence, after some 18 hours of flight the balloon brought us to my home town of
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Saratov, 700 km from our point of departure. During this flight we discovered the
existence of thin layers of turbulence in the atmosphere at an altitude of between 1000
and 2000 metres.
H. T. -

Do you have any unfulfilled ambitions?

A.M. 0. - Like other scientists at my age, I hope to be able to round off what I have
been doing and to continue as long as I can to work on problems in the field of
hydrodynamics, including turbulence. I look forward to passing on to younger
colleagues my experience in earlier stages of the research work. Aside from my
professional life, I want to take every advantage of walking, travelling and enjoying
nature for itself, without the need to put it in terms of mathematical formulae or to
probe it with sophisticated instruments.

Academician Kolmogorov (right) was present at
Academician Oboukhov's sixtieth birthday
celebration

H. T. What advice would you give to young people wishing to become
meteorologists?

A.M. 0. -There are really two things I would like to say. First, it is very important to
study in depth the relevant fundamental scientific areas such as physics,
hydrodynamics and computer science. But that in itself is not enough; my second
point is that to be really creative a research meteorologist must have a profound love of
nature and spend a substantial amount of time out of doors assimilating and being
assimilated by the atmospheric environment.
H. T. - I happen to know that your deep concern for the problem of conserving nature
found expression in a poem. I should very much like to hear it.

A.M. 0. - Here you are then. I am afraid it will lose much of its meaning in
translation.
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From Chimkent to Europe
(Impressions from numerous symposia)
From Chimkent to Europe it is heard:
Our sun is isotropic,
Nature is a many-moded entity,
Only partly barotropic.
Verbiage has run wild,
And it is the scientists who are guilty;
They think of nature only as stone
Whereas the world is full of folk
Who want to protect their natural milieu.
We don't know where to start,
Even though we are descendants of nature.
Monitoring nature is the latest fashion;
Trendy ladies now talk about quasars,
When once, as I remember,
Under the glistening sun-baked cliffs,
The air full of scents of spring holidays,
Stirrups were sold at the bazaars of Osh
And aksakals conversed on the tea-house carpet,
Only uttering hints and unfinished statements,
Because, as someone ruefully smiled,
They realized that the task would be difficult
And would take ages to complete.

H. T. -On that original note we will conclude the interview. Academician Oboukhov,

thank you very much indeed for giving me so much information about yourself, the
Academy of Sciences and the Institute of Atmospheric Physics. I hope the community
will continue to benefit from your wise counsel for many years to come.
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Or Jerome Namias

The Marine Biological Association of San Diego (California) came into being in
1903, starting summer work under the direction of Professor William Ritter at La Jolla
Cove on the shores of the Pacific, a short distance to the north of San Diego with its
seaport and naval base. Two active founder members and benefactors were
Ellen Browning Scripps and her halfbrother, E. W. Scripps, a newspaper publisher.
In 1912 the University of California took over the running of the Association's research
station and facilities which then became known as the Scripps Institution for Biological
Research, but the constantly expanding maritime activities led in 1925 to adoption of
the definitive name: the Scripps Institution of Oceanography. Today, Scripps comprises
between 1100 and 1200 people, including some 80 faculty members and 180 graduate
students; it is housed in 65 buildings covering 93 ha, and has an annual budget ofalmost
$US60 million.

Dr Jerome N amias

With the growing recognition that oceanic and atmospheric processes were closely
inter/inked, it was decided in the 1960s to create a small group at Scripps to work
primarily in the field of air-sea interactions. The nature of these interactions is such that
the meteorological expertise required is slanted toward long-term and large-scale
atmospheric phenomena. Dr J erome N ami as, chief of the Weather Bureau's Extended
Forecast Division, had gained considerable renown at home and abroad in that domain,
and was a natural first choice. He assumed full-time leadership of the group at Scripps
in 1971.
Namias's career in meteorology started at the beginning of the 1930s as a student
of Professor C.-G. Rossby at the Massachusetts Institute of Technology. He was involved
in early attempts at isentropic analysis and in developing the theory of long waves in the
zonal atmospheric flow that later became known as the Rossby waves. This work turned
out to be a breakthrough, paving the way to deterministic forecasting of atmospheric
patterns and associated weather systems for up to a week ahead, and, during the Second
W arid War and for some years thereafter, N ami as was responsible for a special unit set
up in the Weather Bureau to exploit these possibilities. The opportune arrival of
computers and numerical weather prediction confirmed the conceptual approach, and
379

permitted models of increasing sophistication to be run in operational mode. Namias
was now ready to take up a new challenge, and this suggested itself to him during an
oceanographic conference in 1958 that focused on the North Pacific and the little-known
phenomenon called El Nifio. He set about investigating links between sea-temperature
anomalies and the large-scale atmospheric circulation, and some initial attempts at
seasonal forecasts were highly encouraging.
At Scripps, Namias was able to devote himself even more to interactions between
the atmosphere and the underlying sea, ice and land surfaces. Some of his seasonal
predictions turned out to be remarkably successful, and greatly impressed the public and
media. In keeping with current trends in thinking and terminology in the meteorological
community, Namias's research field broadened still further to climatic .fluctuations, and
when he recently relinquished his role of leader, it was of the SIO Climate Research
Group. At 78 years of age he continues working part-time as research scientist.
Jerome Namias has received a multitude of awards and distinctions. These are a
few: from the AMS he holds the Meisinger Award (1938), the Award for Extraordinary
Scientific Accomplishment (1955) and the Sverdrup Gold Medal (1981); from the
US Department of Commerce the Meritorious Service Award (1950), the Gold Medal
(1965) and a Citation ofAppreciation from the Secretary of Commerce (1985); from the
Rockefeller Foundation the Public Service Award (1955) and Visiting Scholar at the
Bellagio Study and Conference Center (1977); and the Marine Technology Society's
Compass Distinguished Achievement Award (1984).
Dr Taba conducted the following interview at La Jolla on 7 February 1988. We are
extremely grateful to Dr Namias for his collaboration.

H. T. - Dr Namias, it is good to see you again after all these years, and thank you for
agreeing to be interviewed for the WMO Bulletin. You have been living in California
since 1971, but most of your life was spent in the north-eastern USA. Please tell us about
your family background and your youth.
J.N. - My father was an optometrist for workers in the New England textile mills,
who were mostly immigrants from Europe. I was born on 19 March 1910 at Bridgeport
(Connecticut), but soon the family moved a couple of hundred kilometres further east
to Fall River (Massachusetts). I was one of about 1600 pupils at the high school, where
the teaching staff was exceptionally good, especially in mathematics and physics. It was
my physics teacher who first roused my interest in meteorology, going out of his way to
explain some of its intricacies and imparting his own theories. He already suggested
that I seek a career in the US Weather Bureau. A wealthy stockbroker lived in Fall
River who was keen on meteorology and served as an unpaid observer for the Weather
Bureau, and he too spent considerable time counselling me. From the little pocket
money I earned doing odd jobs I purchased instruments and set up my own weather
station, keeping records and drawing weather maps from reports in the daily
newspaper. I also joined the American Meteorological Society, the annual subscription
then being two dollars. At first my father was not at all in favour of me taking up
meteorology as a career because he did not see how I could possibly earn a living from
it; he tried hard to persuade me to enter his own profession. Foster, my elder brother,
did go into optometry and in due course became well known in academic and clinical
circles.

380

It was certainly fortunate for meteorology that you were not won over by your
father's arguments.

H. T. -

J.N.- Actually, he changed his opinion about meteorologists later on and became one
of my strongest supporters. But just at the time that I was offered a four-year
scholarship at the Wesleyan University in Connecticut, he contracted a prolonged
illness, and since my brother had by then moved to New York to work and continue
his studies, I felt my place was at home to help out our mother who had always done so
much for the family.

H. T. -

An additional misfortune was that you yourself fell ill.

J.N. - Yes. About a year after I had graduated from high school I came down with
tuberculosis and so had to shelve my idea of going to college. However, the
confinement and convalescence gave me plenty of time to follow correspondence
courses at that level in physics, mathematics and meteorology - the latter was an
excellent one under Professor C. F. Brooks. Then I added courses in German, English
composition and chemistry. I was bold enough to write to some of the meteorologists
whose papers I had read asking for a job, but the Great Depression was at its nadir and
the demand for unqualified student meteorologists was virtually nil. Nevertheless, I
had a reply from Henry Helm Clayton, then in his late fifties, inviting me to come and
see him at his home near the Blue Hill Observatory outside Boston. Clayton was
currently undertaking work for the Smithsonian Institution and needed someone to
obtain data from Washington. As a test he gave me some weather maps from which I
had to extract pressure values from the isobars. When he compared his values with
mine there were two discrepancies: one was my error and the other his. He hired me,
and off I went the very next week-end by boat and train to the nation's capital. I had
previously never been more than 50 miles from Fall River, so it was a tremendous
thrill. I arrived wearing my best woollen suit in a June heat wave.

H. T. -

What did your work consist of?

J.N. - I had to extract data for two purposes: compilation of the World Weather
Records being published by the Smithsonian, and a joint research study by Clayton
and the Secretary of the Institution, Dr C. G. Abbot, on links between weather and
solar events. My place of work turned out to be the central office of the US Weather
Bureau, and there I met some of the authors of books and papers I had so avidly been
reading, such as Dr W. J. Humphreys (Physics of the Air). Not only that, but the library
contained the many scholarly papers of the Bergen school of meteorologists in Norway,
and also a set of enthralling scientific reports turned out by the newly formed
Department of Meteorology at the Massachusetts Institute of Technology under
Professor Carl-Gustav Rossby. I had badly wanted to study there myself, but since
there were only graduate courses I did not have the necessary entrance qualification.
Nevertheless, even with my limited grounding I found I could follow much of the
treatises, but there were a couple of statements in Rossby's classic paper
'Thermodynamics applied to air-mass analysis' that floored me. I wrote to Rossby
politely questioning these inferences, and quite soon received a reply from him saying
that I was correct on one point but in error on the other, and giving a full explanation.
In a postscript he asked who I was, and invited me to call on him the next time I was in
the Boston area. I needed no second bidding, and about a month later I was face to face
with the great man who was to influence my whole life.
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H. T. - And that of many another meteorologist. It seems that you impressed Rossby
sufficiently for him to take you on as a student at MIT?
J.N. - He had to make a special case for me, arranging it so that I could concentrate
on subjects germane to meteorology both in his own department and in those of
mathematics and physics. He went further and arranged a job for me evaluating the
recordings of instruments carried by the department's research aircraft operating from
East Boston airport; this brought in extra money which was very important, even
though I continued working for H. H. Clayton. For the purpose of aerological
instrumentation, Rossby had brought over an expert from the Darmstadt Polytechnic
in Germany, Dr K. 0. Lange, who had experience with the meteorographs they used in
Europe to make atmospheric soundings up to five or six kilometres. He was also an
expert glider pilot- after the First World War the Germans had been forbidden by
the Treaty of Versailles to fly motorized aircraft, and indeed Hitler's Luftwaffe was
mostly built up on glider pilots. I learned a lot about Germanic scientific precision
from Lange, but he had less success in getting me to share his enthusiasm for Hitler and
the National Socialist movement.
H. T. - How did you first come to be associated with the Woods Hole Oceanographic
Institution?
J.N. -At the end of my first year at MIT, Rossby gave me a special project: to make
frequent pilot balloon observations at East Boston airport over a period of about a
month. He said it was to investigate the sea breeze, but I knew that he also wanted data
for his studies on the Ekman layer- and mixing length. As things turned out, there was
only one day in the whole series of observations when a sea breeze actually developed.
I handed my pages of tabulated wind data to Rossby and returned home to Fall River
to carry on my work for Clayton. A little while later the household was startled when a
telegram was delivered addressed to me (in those days telegrams usually meant the
ultimate in bad news). It was from Rossby, who was at Woods Hole for the summer,
asking me to come over as soon as possible, subject to Clayton's agreement. The fact
was he could make neither head nor tail of the data as I had· presented them, so I
reworked and reorganized the tabulations and in doing so noticed some interesting
facts concerning the fine structure of winds in thin homogeneous layers. When I
pointed this out to Rossby it intrigued him too, and he asked whether I would like to
stay at Woods Hole for a while and do further work on the data. That was how I got to
know a number of the scientists there and discovered the marine biological library.
Apart from Rossby, the only meteorologists were Gardner Emmons, Ray Montgomery
and Athelstan Spilhaus. Woods Hole had a wonderful scientific atmosphere, and in
later years I often returned there in the summer.
H. T. -

What was the first paper you had published?

J.N. - It was a monograph based largely on cross-sections through cold fronts in the
Boston area during February 1932, and dealt with mesoscale as well as synoptic-scale
features. It came out in 1934 as one of the series of MIT Professional Notes in
meteorology 1• The paper owed much to earlier work by J acob Bjerknes in Europe and
Hurd Willett in the USA. Willett was also on the faculty at MIT (he was about seven
years older than I was), and my stock with both him and Rossby was raised by the
appearance of the monograph. It also brought me to the notice of airlines trying to
establish their own meteorological departments, and I had some offers of employment.
You probably remember that, back in the 1920s, Rossby had set up the first airways
meteorological network in California for the Guggenheim Foundation. Horace Byers
had just accepted a post with Trans World Airlines to introduce modern forecasting
methods. Rossby encouraged me to get some practical experience, and so I joined
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TWA as a forecaster, being located first at N ewark and then at Kansas City. I got a
taste of round-the-clock shift work and the stress of the operational treadmill; there
was certainly no time for scientific research. Although the pay was good, I was not
altogether sorry when TWA had to temporarily cut back because of fewer airmail
contracts. I returned to MIT and worked part-time at the Blue Hill Observatory. Even
with the reduced salary, they were pleasant times; Harry Wexler, Hurd Willett and I
often took out young ladies on dates together.
H. T. -

Did you continue your research on the mesoscale characteristics of
air masses?

J.N. -My work now focused rather on subsidence within the atmosphere. Quite soon
I started submitting papers in this field, including one at a meeting of the American
Geophysical Union in Washington that helped my reputation. Then I had my first
transcontinental journey to attend a conference at the California Institute of
Technology on modern forecasting techniques. My presentation on subsidence met
with considerable interest and led to renewed offers of jobs from airlines. On the way
out to California I had been a passenger in Willett's brand-new Buick convertible, but I
had to fly back east because Rossby wanted me to help in a national gliding and soaring
contest at Elmira in New York state. Lange was in charge of the MIT scientific
contingent, and my job was to brief pilots on the situation as concerned winds,
thermals and other'relevant factors. At my rash suggestion, Dick Dupont profited from
the approach of a strong front to glide in advance of it all the way to Boston, setting a
new distance record for the USA. Coming back to my work on subsidence, it led to a
monograph in the Harvard Meteorological Studies series 2 that C. F. Brooks distributed
widely throughout the world meteorological community, and it was used by the US Air
Force for training cadets in the early part of the Second World War.

Dr Namias (left) with
Professor Rossby in 1947

It appears that, thanks to Rossby and his group, MIT was at the forefront of
meteorology in America at that time.

H. T -

J.N.- You are right. Having followed the precepts of the Bergen school, we were now
more and more able to perceive the physical processes associated with weather
phenomena. I sensed that other meteorologists in the USA would welcome a lead in
this direction and so, with the agreement of Rossby and Brooks (then Secretary of the
AMS), I started writing a series of introductory articles for publication in the Bulletin
of the American Meteorological Society 3• Rossby read over the manuscripts and made
helpful corrections and suggestions. When the first articles appeared they elicited much
commendation; meteorological practitioners had no problem in grasping the concepts
since the text was easily understandable and the mathematical derivations had been
left out. Requests for reprints came in from various quarters, including the Weather
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Bureau and the military services, and further offers of very good positions in civil
aviation and the military sector were forthcoming. However, I preferred to stay in the
research field, although I saw that my lack of even a Bachelor's degree would be a
severe handicap to a career in science. Therefore I enrolled as an undergraduate at the
University of Michigan, where fees were considerably lower than at MIT. I had to take
on work to earn money, and in the end took on too much. The result was that towards
the end of the first year I again fell seriously ill and had to abandon university and
return to Fall River and correspondence courses. I still contrived to do some research,
and had a paper published in the Monthly Weather Review on inversions maintained
by discontinuities separating the lower moist and upper dry air layers 4.
H. T. -

In the autumn of 1936 Rossby offered you a post at MIT as research assistant.
What did this lead to?

It goes without saying that I was very happy to be able to work full-time at
MIT. That an extra post became available in the Meteorological Department was due
in part to a government contract that Rossby had secured to aid agriculture in the
USA. You will remember that there was the severe problem of soil erosion, particularly
pronounced in the Great Plains, that became known as the 'dust bowl'. The decision
had been taken to tackle extended-range forecasting, implying a period of up to about a
week ahead. Rossby was to lead a team consisting of Hurd Willett, Roger Alien
(We;:tther Bureau), Larry Page (Bureau of Agricultural Economics) and myself. At this
time Rossby had just started working on his theory of long waves in the westerly
atmospheric flow and the major circulation centres associated with them. The theory
involved the concept of a redistribution of vorticity in which the principal parameters
were the motion of the Rossby waves as a function of zonal wind speed and wave
length. Of course, one of our chief difficulties was the lack of upper-air data,
particularly over the oceans; we were effectively working on only about one-half of a
full Rossby wave. But after I had constructed a trial map by judicious extrapolations,
estimating quantitatively the flow patterns aloft where data were missing, Rossby's
theory took on new meaning. His wave equation could be applied quantitatively,
displacements computed and stationary wave lengths determined. It was a
breakthrough in predicting upper-air flow patterns and a key to the problem of
extended-range prediction. Many years later Rossby confided to me that this early
period at MIT had been the most exciting and satisfying of his whole career. I am very
pleased to be included among the 'Collaborators' heading Rossby's classic paper of
1939 5 .
J.N. -

H. T. -

Did you do any teaching at MIT?

I had two classes: one on advanced aerology and one on weather forecasting.
The rest of my time was devoted to extended-range prediction research. We had
chosen potential temperature and specific humidity as being two relatively
conservative properties of air masses, and this led to work with isentropic surfaces. Sir
Charles Normand* was doing similar work in the United Kingdom using the wet-bulb
potential temperature, and this was a spur to Rossby to press ahead with isentropic
analyses - he seemed to be at his best when there was an element of competition. I
figured that isentropic analyses were exceptionally valuable tools in forecasting
precipitation, particularly when moist and dry tongues of air were easily identifiable as
in the summer season. I devised an operational method of thunderstorm forecasting
that was described in an article published in 1938 in the Bulletin of the American
Meteorological Society 6•

J.N. -

*An interview with the late Sir Charles Normand appeared in Aprill983 (WMO Bulletin
32 (2) pp 91-102). (Ed.)
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H. T - You won the AMS Meisinger Award that year on the strength of your research
work and the fact that you were still only in your twenties. I remember Ken Spengler
saying that you were the first Meisinger laureat. Changing the subject for a moment, in
WMO we are celebrating the silver jubilee of the World Weather Watch, and one of the
masterminds behind the WWW was Harry Wexler who I know was a good friend of
yours.
J.N. -Yes, he was a year younger than I was, born and brought up in Fall River. From
our schooldays he was my best friend, and he caught his fascination for meteorology
from me. However, he had a more orthodox academic progression, graduating with a
Bachelor's degree from Harvard in 1932 and joining the Weather Bureau in 1934. I
mentioned earlier that we used to go out with girls together, and in December 1934 he
married Hannah Paipert. In September 1938 I married Hannah's sister Edith, and so
became Harry's brother-in-law. Edith had been to art school and possessed a wonderful
feel for symmetry, balance and aesthetics. She often found that parts of my isentropic
analyses jarred on her sensibilities and wanted to amend them. Do you know, I soon
discovered that those offending parts were also scientifically incorrect and that Edith's
modification was nearer the mark. Since then I have been convinced of the inherent
affinity that exists between art and science.
I
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This 700-hPa map based on data of 25 December 1940 was drawn by Dr Namias and was the first
effort at extending the flow pattern over the Pacific and Atlantic Oceans. From it, Rossby was
able to get a better picture of the long wave structure and test his ideas about the future
displacement of these waves. His computations appear at the right
(All photos supplied by Dr Namias)

H. T. -

What were the consequences on your work of the impending war?

A few military officers were assigned to our extended-range forecast group, and
then in May 1940 the project moved to Washington under the Weather Bureau and I
was asked to be the chief of what came to be called the Extended Forecast Division. So
I joined the Weather Bureau, but was able to obtain an MS from MIT in 1941. There
was some opposition to our project from a few crusty people in the Weather Bureau,
but Dr F. W. Reichelderfer gave us valuable support and we were soon able to turn out
useful forecasts. We had to extend the area covered to include the North Atlantic and

J.N. -
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Europe when the USA entered the war in 1941, and in support of our work a research
project was launched at New York University to make retrospective analyses of the
circulation over the whole northern hemisphere for the ten-year period 1929-1939;
Harry Wexler and .I supervised it jointly. Our big success story was the forecast for the
Allied landing in North Africa on 8 November 1942. It was very important that we got
the state of sea right, and for this we used techniques developed by Sverdrup and
Munk that depended on estimates of the wind fields over the North Atlantic for several
days previously. I felt it was then time that our methods were documented, and so
wrote a monograph entitled 'Extended forecasting by mean circulation methods', but it
remained classified CONFIDENTIAL until after the war.
H. T. -The Second World War over, we come to the beginnings of numerical weather
prediction. Were you in Charney's group at Princeton?
J.N. - I was not one of the group, but I visited Princeton quite often to see how much
the computer-generated forecast resembled the real atmosphere. I was well suited to do
this because in my own work I had been employing a conceptual barotropic model like
that used by Charney. My main efforts were in trying td explain to the public and the
rriedia about the main atmospheric centres of action and the associated jet streams. By
then, Rossby had returned to Sweden to set up the International Meteorological
Institute at the University of Stockholm, and in 1949 he invited me to go there on a
visit. Dr Reichelderfer agreed, and I left the shores of my native land for the first time
aboard the s.s. Gripsholm with Edith and our daughter Judy. We stayed seven months
in Stockholm, during which time I continued investigations of upper-air flow patterns
and embarked on a careful study of what Rossby called the 'index cycle', a slow
wintertime phenomenon when the upper westerlies slowly decline and then recover
again in a cycle of between four and six weeks, associated with changes in the positions
and intensities of the centres of action, particularly blocking. The hypothesis was that
vast masses of cold air accumulated over the Arctic and were released to lower
latitudes from time to time 7 • After leaving Stockholm we went on an extended tour of
other European centres. Meteorologists everywhere were tremendously keen to learn
about scientific progress in the USA; each community had been working in virtual
isolation because of the war.

H. T. -Back in Washington you still worked on the seven-day forecast methodology?
J.N. - That had become fairly routine by then and I was looking further ahead. The
index cycles started me looking at the long-period evolution of atmospheric systems in
general, and I came to realize that such events were not random. Take the period
November 1949 to March 1950: there was a remarkable reversal of anomalies over the
USA. To start with, the western states were very cold whereas it was extremely mild in
the east; then, in the space of about a week, the east started a late winter and the west
had an early sp~ing. Analysing the monthly mean mid-tropospheric height pattern, I
found that there was a slow and regular progression of a Pacific anticyclone northwards
to the Bering Sea and then eastwards over Alaska and the Yukon, and I could foresee
the change. I wrote a monograph on 30-day prediction experiments 8 and soon after we
embarked on routine 30-day forecasts. These gave the Weather Bureau a good image as
a progressive public service, and brought me regular appearances on television to
explain what was going on.

H. T. - In the early 1950s you caused quite a stir by making some long-range
predictions of tropical storm probability. What was the story?
J.N. - I had figured out that the large-scale wind patterns around the Bermuda high
had evolved during the previous few years in such a way as to favour hurricanes
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moving on a northerly track along the east coast of the USA instead of recurving
eastwards; thus, they now threatened the whole of the east coast up to New England.
That pronouncement got into the national press and was seen by some members of
Congress, and had something to do with the decision to establish the National
Hurricane Research Center in Florida. We started issuing cautious statements of
hurricane probability along the Gulf and east coasts for a month ahead, but after one
success the Weather Bureau was pressured into stopping the forecasts because they
were said to damage the tourist trade.
t!:

H. T. - In 1955 you won the AMS's highest honour - the Award for Extraordinary
Scientific Achievement, which subsequently became known as the Carl-Gustav Rossby
Research Medal. And you also won the Rockefeller Public Service Award which
permitted you to spend a year working in a country of your choice.

You will not be surprised to learn that I chose to return to Stockholm. This
gave me the opportunity to familiarize myself with NWP using the barotropic model,
and bred in me the hope that it might eventually be possible to extend those
predictions out to 30 days or more. Thirty years later I have to admit that this has not
yet been borne out, but with the enthusiastic and highly competent young people we
have nowadays, more observations and better computers, I remain confident we are on
the right track, provided we do not neglect empiricism.
J.N. -

H. T. -

When did you first start thinking about oceanic effects on the atmosphere?

J.N. - I think the first seeds of curiosity were sown during that winter of 1949/50 that

I mentioned earlier. But much more of a landmark was the important conference
organized in 1958 by the Scripps Institution of Oceanography at the Rancho Santa Fe
Inn near La Jolla. In 1957/58 El Nifio occurred, and there were reports showing that
both the ocean and the atmosphere were behaving in an abnormal manner over a wide
area. That was why a few meteorologists were invited to the conference
(Jacob Bjerknes, Jule Charney, Henry Stommel and I were present, among others)
although the great majority of participants were marine scientists. I was the first
speaker, and I told them what I knew about atmospheric anomalies during the period.
Then I sat down and listened to the others, and it was brought home to me that of
course there must be mutual influences between the sea and the air. The ocean, with its
very slow changes, was constantly trying to impose its thermal pattern on the
fast-moving atmosphere. (Not that this was· a new idea; it had been put forward
decades ago by such people as Helland-Hansen and Nansen, but they had not the
observational data, computers nor the coherent theory of the general circulation we
have today.) So when I returned to Washington I lost no time in coming to grips with
the large-scale air-sea interaction problem.
H.T.- Many of your summers you spent working at Woods Hole, but in 1961 you went
to Mexico.
J.N. - I had made the acquaintance of Ju1ian Adem at Stockholm in 1955, and he

subsequently became head of the geophysics department of the University of Mexico.
At his invitation I went as visiting professor to Mexico City during the summer
of 1961. Julian had developed a hemispheric thermodynamic model, and we decided it
would be mutually beneficial if he came to work on it in Washington, which he did. In
1962 Dr Reichelderfer sent me for six weeks to the International Antarctic Analysis
Centre that had been set up in Melbourne to prepare southern hemisphere analyses
from all the extra data collected during the IGY. I might mention here that
Harry Wexler had been chief scientist with the USA's expedition to Antarctica for the
IGY. In retrospect, it seems incredible that one person could have shouldered such a
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wide range of activities as he did- IGY, WWW, the first satellites, as well as his role
as the Weather Bureau's chief of research. It was a terrible shock to us all when he died
in August 1962. I myself had a heart attack in 1963, and this made me slow down
thereafter. It did not help when I broke my hip and femur in an automobile accident
in 1964. I realized I must delegate more authority to my very capable staff and spend
more time on research. And that is what I did, concentrating on short-period climatic
fluctuations. The new Chief of the Weather Bureau, Dr R. M. White, took a keen
personal interest in the subject and helped me a lot.
H. T. -In 1971 you left the Weather Bureau and your extended forecast division and
came to the Scripps Institution of Oceanography as research meteorologist. What were
the deciding factors for the move?
J.N. - Since 1968 I had been spending six months of the year here. I was hesitant to
make the final break because my wife was making a name for herself in the
Washington art world, and I also felt I owed a lot to the Weather Bureau. My only real
source of irritation with it was that, after going to much trouble to select the very best
individuals for my division and train them, they were then lured away by other
departments by offers of better pay. This was really bad for our work, which was never
100 per cent objective; we often needed experienced and well-trained people on hand
to exercise their judgment in respect of particular situations. But the main attractions
for me here were the climate, a house and garden and an excellent ambience for
research.
H. T. -

Please tell readers something about the work you have done here.

J.N. - Early on I was exploring in greater detail the coupling between the upper layer
of the sea and the atmosphere. For instance, from case studies I found that if sea
temperatures in the northern Pacific became abnormally high during the summer the
Aleutian low in autumn would be intense, and vice versa. Subsequently, there was a
whole variety of air-sea problems that attracted my interest. I had long been an
admirer of Jacob Bjerknes, and since he was at UCLA and also working in this domain
I saw him often and we became very good friends. He died in 197 5 at the age of 77.
H. T. - I understand that you came into the eye of the public again because of some
impressive long-term forecasts?
J.N. - There was a striking case of persistent anomalies in the winter of 19 7 6/77. A
strong ridge over the far west and a deep trough over the east of the USA were
remarkably stable through the autumn and winter, giving a drought in the west and
cold snowy weather in the east. Tell-tale signs were present in autumn that this
configuration would persist, such as forcing SST patterns in the Pacific, atmospheric
flow patterns with strong teleconnections, El Nifio in the tropics and early snow along
the eastern seaboard, and we forecast continuing drought in the west and a cold winter
in the east. This brought publicity. Then Joe Smagorinsky's group at the Geophysical
Fluid Dynamics Laboratory in Princeton succeeded in getting a very good forecast
from a sophisticated model for the whole of January 1977 based on the actual
conditions on 1 January. I triumphantly announced at a symposium at Erice that we
had witnessed a major breakthrough, thinking that computer-generated predictions for
30 days and more were virtually in the bag. Unfortunately, tests on other situations
showed this to be premature, to say the least. The following autumn all eyes were on
me to know whether the drought in the west would be maintained through another
winter. I held back as long as I could, and finally made a guarded statement on
1 December 1977 to the effect that the available evidence seemed to be consistent in
suggesting that the coming winter would be very wet, and luckily it was characterized
by heavy rains and snows in the Pacific states of the USA.
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H. T. - It must be a mixed blessing for a forecaster to have a reputation with the public
of always being right?

J.N.- I was always at pains to point out that we were fallible, and we proved it some
time later by issuing a couple of forecasts that were quite wide of the mark.
Incidentally, in case your readers should think that I never made a dud forecast in my
career, let me say that I still squirm when I remember my prediction for the Harvard
University tercentennial celebrations in September 1936. I got my timing wrong, and
instead of a little light rain there was the full north-easterly effects of an erstwhile
tropical storm, and the event was ruined. I assure you there have been many others just
as bad, even ifless spectacular.
H. T. - Your last position at Scripps was chief of the Climate Research Group. What
was the work programme of the group?

The former director of Scripps, Dr William Nierenberg, decided in the
mid-1970s that the Institution should make a consorted thrust in the realm of climate,
and asked me to form a climate research group. The project is an umbrella for diverse
activities relevant to climate in which Scripps has internationally recognized expertise,
such as the C0 2 problem, deep-sea cores, variations in biota and ocean gyres as
manifestations of wind stress. We continued to get requests for long-range forecasts,
sometimes from high echelons in the Government. When the USA launched its
National Climate Programme and WMO its World Climate Programme, Scripps was
chosen as the first experimental climate forecast centre, sort of institutionalizing our
activities during the 1970s. I recently gave up the post of chief of the group, having had
enough of administrative chores, and my successor was Dr Richard Somerville. It has
now been strengthened by a Remote-sensing Group, and we are working not only on
air-sea interaction but also the effects of snow, ice, soil moisture and so forth, things
that I had touched on many years ago. I never dreamt that the field of long-range
forecasting would ever achieve the status it has, and it is highly gratifying to think that
my efforts may have helped to bring this about.
J.N. -

Following his election to the
US Academy of Sciences,
Dr Namias signs the 'Great
Book' started by Abraham
Lincoln in the middle of the last
century

H. T. -

Which of your many awards and distinctions do you prize the most?

Perhaps that which gave me the greatest feeling of euphoria was being a visiting
scholar at the Rockefeller Study Center at Bellagio on Lake Como in Italy in
September 1977 - six weeks in a beautiful setting with superb comfort, impeccable

J.N. -
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service and erudite and interesting company. But if we talk of personal pride, that has
got to be when I was elected to the US National Academy of Science in 1983. It was an
honour I never expected.

H. T. -

What are your views on the future of medium- and long-range prediction?

J.N. -Let's start with medium-range. The ECMWF in England is showing the way; in
many respects it is ahead of the NMC in Washington. Both centres turn out pretty
good five-day forecasts, and I am confident that skill scores will continue to improve as
we add to our experience and understanding. There is a staggering amount of
information at our fingertips thanks to the supercomputers, but I must emphasize once
again that we need good scientists to keep the machines supplied with new ideas.
Coming to long-range forecasting for a month or season ahead, there is still far to go,
but I do believe we are beginning to see light at the end of the tunnel. As I have already
made clear, under certain circumstances it is possible to predict the future evolution of
the lar.ge-scale circulation pattern with some degree of confidence, and I am sure that
through better understanding of sea, ice, and land-surface interactions with the
atmosphere, better integration methods and the continued enthusiastic dedication of
brilliant young scientists, these forecasts will become more and more reliable. Mind
you, I believe that improved skill for both medium- and long-range prediction will be
asymptotic. There must be a certain 'chaos' in the Earth's overall surface-atmosphere
system, and therefore I do not expect there will ever be perfect forecasting.
H. T. - From what you have said, it seems that you have not spent much time on the
analogue concept for long-range forecasting, but relied on a statistical and dynamic
approach?
J.N.- Personally I do have reservations about analogues, although I did not ban their
use in the Climate Research Group. For one thing, I defy you to find two identical
patterns of wind, weather and SST over a large area. The average performance of
temperature forecasts over the USA by the analogue method has shown little success;
not much more than plain persistence forecasts. I have seen false hopes engendered
and large amounts of money spent on the analogue method, but with very little to show
for it. To be frank, the philosophy of analogues runs counter to mine because it
short-circuits understanding.

H. T. -

I assume you welcome the advent of TOGA?

J.N. - I do. It is a very worthwhile project, although my own feeling is that it should
rather be GOGA - the Global Ocean and Global Atmosphere project because of the
many teleconnections I have studied in my career.
H. T. - Looking back over your career, is there anything you wish you had done
otherwise?
J.N. - The one thing that I know I ought to have paid. more attention to is not
scientific but managerial. I realize now that I should have been much more energetic in
getting funds for projects. It sounds awfully materialistic, but money is a crucially
important thing if the momentum of scientific research is to be maintained and,
distasteful as it is, one has to politicize the thing. I was never very good at that.
H. T. - Finally, Dr Namias, what advice would you give to a young person wondering
whether to choose meteorology as a career?

J.N. - I would warn the person that he or she will never become very rich that way,
but that if wealth is not the overriding consideration a good enough living can be
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made. Other forms of reward can come through accomplishment; indeed, meteorology
has heaps of attributes making for a high degree of job satisfaction and happiness. It is
essential to have a good base of mathematics and physics, some geography, and even a
little chemistry on which to build a sound meteorological education and accumulate
the indispensable experience.
H. T. - This has been a most pleasant and instructive experience for me, and I am sure
the interview to appear in the WMO Bulletin will be read with tremendous interest.
Thank you very much for your collaboration. On behalf of the readers, let me say that I
hope that you will retain health and strength for writing and enjoying life for many years
to come.
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THE BULLETIN INTERVIEWS: Professor B. Bolin
Stockholm University originated from the Hogskola or University College, and,
although only established in 18 77, has already become the largest university in
Scandinavia in terms of student enrollment: 2 8 000, of which ·14 per cent are foreigners.
Indeed, Sweden has done a great deal towards internationalizing higher education.
Several institutes and universities have jointly set up the Swedish International
University with the object of assisting the member institutions to offer high quality
Master's degree courses in English. Moreover, they actively encourage the exchange of
teaching staff and students with other countries.

Professor Bert Bolin

There are at present four faculties at Stockholm University: the humanities, law,
social sciences and natural sciences. As part of the latter, a small Institute of
Meteorology was created in 1947 with Professor C.-G. Rossby as its director, and
in 1955 the Swedish Government formally recognized it as being an International
Meteorological Institute. The main purpose was to conduct research .and promote
international co-operation in meteorology and related disciplines. The Institute is, above
all, a place for foreign research meteorologists to come and work side by side with their
Swedish counterparts. The three principal fields of research are (a) dynamic meteorology
and geophysical fluid dynamics, (b) atmospheric chemistry and biogeochemistry, and (c)
atmospheric physics. The Institute is governed by a board made up of scientists
representing the Swedish Environmental Protection Board, the Swedish Meteorological
and Hydrological Institute (SMHI), the University of Stockholm, the ECMWF and the
University of Bergen in Norway. The director is a member ex officio.
On Professor Rossby's sudden death in August 1957 at the age of 58, his assistant,
Dr Bert Bolin, took over the running of the Institute and was subsequently confirmed
Professor ofMeteorology by the University in 1961. Dr H. Taba, who himself had been a
student at the Institute from 1953 to 1960, revisited it at the end of March 1988 to
interview Professor Bolin.
Bert R. J. Bolin was born in May 1925 at Nykoping, where his parents were both
schoolteachers. His father, Richard Bolin, had a penchant for meteorology, having taken
a course at the University of Uppsala around 1910, and Bert conceived an early interest
in the subject, maintaining a weather station as a young boy and contemplating a career

393

in meteorology whilst still at school. He attended the University ofUppsala and gained a
B.S. in mathematics and physics in I946. He then joined the newly-formed Institute
under Professor Rossby at Stockholm University and soon gained the latter's confidence.
He obtained his M.S. in I950 and his Ph.D. in I956for work on interaction between the
wind and pressure fields and its application to numerical weather prediction.
At Rossby's suggestion, Bolin then turned his attention from NWP towards
atmospheric chemistry, and in particular the elements carbon, nitrogen, phosphorus and
sulphur which are so important in the context of the atmosphere and biosphere. All too
soon, at the early age of 32, he had to shoulder the responsibility of directing the
activities of the Institute, and saw to it that these were pursued in the direction that
Rossby would have wished. In spite of his administrative duties, he enthusiastically
sallied forth into the largely untroddenfield of atmospheric sounding by rockets. He was
able to propound some interesting facts about the atmospheric circulation, quickly
making a name for himself, especially in ICSU circles. For two years he served as
scientific director of the European Space Research Organization in Paris, then returned
to Stockholm in time to participate in the famous I967 study conference on the Global
Atmospheric Research Programme that he had been instrumental in formulating a few
years earlier.
Bolin was the natural choice to be the first chairman of the WMOIICSU Joint
GARP Organizing Committee, and he remained a member of the Committee for a
decade. His research work meanwhile had focused in particular on the biogeochemical
carbon cycle and its links with climatic fluctuations, making him an even more obvious
choice as convener of a study conference in I974 on the physical basis of climate and
climate modelling that was to lay the keel ofthr; World Climate Research Programme,
likewise sponsoredjointly by WMO and ICSU.
Professor Bolin was awarded the twenty-sixth IMO Prize in I98I for his
outstanding contributions to the science of the atmosphere, especially his scientific work
in dynamic meteorology, atmospheric chemistry and biogeochemistry, his role in
planning the Global Atmospheric Research Programme, his furtherance of research and
his services to the cause of international collaboration in meteorology. He also won the
American Meteorological Society's coveted Carl-Gustav Rossby Research Medal in I984
for his outstanding researches enlarging our understanding of the atmosphere and
oceans as a milieu, for valuable contributions to the understanding ofglobal geochemical
cycles, and for his international leadership in scientific planning of GARP.
He is a member of the Royal Swedish Academy of Sciences and of the Swedish
Academy of Engineering Sciences, and Fellow of the American Meteorological Society.
He is adviser to the Swedish Government on scientific research and Editor of the Swedish
Geophysical Society's journal Tell us A.
We are most grateful to Professor Bolinfor having agreed to be interviewed for the
WMO Bulletin.
H. T. - Professor Bolin, it is like old times for me to be back here in Stockholm at the
International Meteorological Institute. You were acting director for the first time more
than 30 years ago, but I should like you to start your story at the beginning. Please go
ahead.

B. B. - I was born on 15 May 1925 at Nykoping, which is about 100 km south-west of
Stockholm. Actually my father had studied the subject under Professor Akerblom at
the University of Uppsala around 1910. Already in the 1930s I was taking records of
temperature, and at high school it was more or less decided that I would make a career
in meteorology. My father took me to the headquarters of the Swedish Meteorological
and Hydrological Institute in 1942 and we discussed my prospects with the
Deputy-Director, Dr Anders Angstrom. I started studying mathematics and physics at
the University of Uppsala in 1943, and also attended Professor Kohler's course in
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meteorology. I remember that at the very first lecture he spoke about the important
contributions to knowledge of atmospheric thermodynamics made by a certain
Professor Rossby, a Swede who had been working since 1926 in the USA. I obtained
my B.S. in 1946 and started on postgraduate studies in meteorology. Professor Kohler
wanted me to investigate stratospheric ozone and its daily variations, taking as a
starting point a paper that had just appeared by H. U. Diitsch of Switzerland.
However, I did not get far because I was enlisted for military service in 194 7.

H. T. -

I suppose that meant a complete break with meteorology ?

B. B. -As a matter of fact, I was able to spend time with the Air Force meteorologists

during my spell in uniform. Rossby had been asked to come back to help build up
meteorology in Sweden, a challenge that he relished. He arrived that same year and
soon got the backing of people in high places, including the former Foreign Minister,
Richard Sandler, and financial support was forthcoming. This allowed him to set up
the International Meteorological Institute as part of the University of Stockholm, and I
was fortunate in being taken on as a graduate student. At the same time Rossby was
able to invite scientists from all over Europe to his Institute.

H. T. - I believe J erome N amias must have been one of the first American visitors to the
Institute. When did you have a chance to go to the USA?
B.B. Meteorology, and particularly numerical weather prediction, was then
gathering momentum and I was able to obtain a stipend to work for a year in the USA
in 1950/51. The first six months I was at the University of Chicago where Rossby was
back lecturing for one term, and the second half I spent at the Institute of Advanced
Studies at Princeton with Jule Charney, Norman Phillips and Ragnar Fj0rtoft from
Norway. I remember very well the seminars we had; John von Neumann was the
mathematician behind the use of computers and he was specially interested in applying
them to meteorology. That year was a highly profitable one for me, and it gave me a
good start towards my Ph.D. On my return to Stockholm in 1951 I found that the
Institute had continued to grow. We had frequent visits by Rossby's old friend
Erik Palmen from Helsinki, and Arnt Eliassen and Jacques ~an Mieghem were also
there. The first Swedish computer, the BESK, was completed in 1953; it was similar in
many ways to the ENIAC machine that Charney's group in Princeton was using. Rossby
succeeded in getting the Swedish Royal Air Force interested in the prospect of
real-time numerical weather forecasts, and soon we were busily involved in making
this a reality. We had to work in shifts covering the 24 hours, cars constantly travelling
between the Air Force meteorological centre, the computer building and our Institute.
As you mentioned, scientists started coming to us from across the Atlantic and even
further afield, for instance Chester and Harriet Newton, Jerome Namias and Dan Rex
from the USA and Chen-chao Koo from China. And of course you were there too. We
were really becoming internationally known.

H. T. - Yes, but I was there only as a student. I had not even got my first degree when
you obtained your doctorate in 1956.
B. B. -That was when Rossby decided to take a year's sabbatical to return to the USA,
leaving me in charge of the Institute. Luckily there were a few other Swedes who gave
me support: Pierre Welander had got a degree working on the kinetic theory of gases,
and Erik Eriksson came to us from an agricultural college outside Uppsala where he
had been working on precipitation chemistry in collaboration with the SMHI. Another
eminent visitor whom you will certainly remember was Professor Fritz Defant from
Austria. Well, Rossby returned in the spring of 1957 in time to take part in an
important symposium on numerical weather prediction that we had arranged at the
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Institute. We were very pleased to have some scientists from the Soviet Union for this
event, I think it was the first time they had participated in a conference relating to
NWP.

H. T. - That brings us to the sad moment of Rossby's death on 19 August 1957. I am
sure you did not expect it?

B.B. - The news came as a terrible shock. I was at an IUGG Assembly in the USA at
the time, so had to cut short my stay and return home immediately. A large question
mark now hung over the future of the Institute that Rossby had created and nurtured. I
was put in charge of it on a temporary basis; you see, the chair of meteorology at the
University of Stockholm had been attributed personally to Rossby, and had not been
conceived as a permanent institution. So I carried on the programme as best I could,
still relying on the support of Eriksson and Welander, among others. The Institute
under Rossby had received funds from the USA that covered more than half of its
expenditure, and I was very thankful that this source of income did not dry up straight
away. Finally, in August 1961 it was decided to establish a permanent chair of
meteorology, and I was confirmed as the incumbent professor. I remember that during
that period we began to have visits from scientists in the field of oceanography, such as
Gustaf Arrhenius, Arnold Arons and Kirk Bryan.
H. T. -

What was your particular field of scientific work at that time?

B.B.- When I had got my Ph.D. in 1956, my thesis had been on numerical weather
forecasting. Rossby had said to me (and it was typical of his attitude) 'Now you should
turn your hand to something quite different. Why not study the residence times in the
atmosphere of man-made pollutants?'. The idea commended itself to me, although it
was only much later that I realized what a far-sighted suggestion it had been.
Erik Eriksson and I started to collaborate in studying carbon dioxide in the
atmosphere, devising simple models of atmosphere-ocean interactions in that respect.
We took as our starting point recently published papers by Craig 1 and Revelle and
Suess 2 . Rossby had set up a committee to consider how Sweden might best contribute
to research in atmospheric chemistry, and he recruited Gosta Liljequist who had been
on the 1950-1952 Norwegian-British-Swedish Antarctic expedition that established its
base at Maudheim. Now Gosta found himselfleader of the Swedish-Finnish-Swiss IGY
expedition to Murchison Bay in Nordaustland, Spitsbergen. As a matter of fact, after
his return home he and I were both candidates for the chair of meteorology at the
University of Uppsala, and he got it. In retrospect, I believe it was a good thing that I
did not go to Uppsala.

1-l.T.- I think so too. Well, now that numerical weather prediction was established as a
discipline in Sweden, what effect did the arrival of meteorological spacecraft have on the
Institute's activities?
B.B. - Although Rossby died a few weeks before the launch of the first satellite,
Sputnik- I, I now know that he had been actively involved, in an advisory capacity, in
preparations for US satellites. I remember very well the launch ofTIROS-1 on 1 April
1960. I spent six months in the USA in connection with my work on the carbon cycle:
three months at Woods Hole and three months at Scripps. I had stopped off in
Washington, D.C. and was walking with Aksel Wiin-Nielsen and his family when the
1

CRAIG, H. (1957): The natural distribution of radiocarbon and the exchange time of carbon
dioxide between atmosphere and sea. Te!lus 9 (1) pp.1-17.

2 REVELLE, R.

and SUESS, H. E. (1957): Carbon dioxide exchange between atmosphere and ocean
and the question of an increase of atmospheric C0 2 during the past decades. Tellus 9 (1)
pp.18-27.
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news came through. My work had led to an interest in exploring the high atmosphere,
and through some visitors from the USA I was able to acquire some 'Areas' rockets for
sounding purposes. Georg Witt, a Second World War refugee from Hungary, was
engrossed in the study of noctilucent clouds, and in fact later went on to gain a
doctorate on the strength of his work. I made a proposal to the Science Research
Council in 1960, and I am still rather overwhelmed by the Council's generous
response: 1.5 million crowns, which was a substantial portion of the total funds at the
Council's disposal. Starting in 1961 there was a series of rocket launches from a site in
the far north of the country, with the USA also collaborating. These rockets enabled us
to obtain a temperature profile right up to the lower boundary of the thermosphere at
90 km, which is where the noctilucent clouds are found. I think it was in August 1963
that we registered the lowest temperature ever recorded in the Earth's atmosphere:
130K, or -143"C. The Science Research Council also established two research
professorships at the Institute which went to Eriksson and Welander, and this made it
possible to develop the Institute along the lines that Rossby would have wished.

The personnel of the International Meteorological Institute of the University of

Stockholm in 1958
Photo: G. 0/sson

H. T. -You spent some time at the European Space Research Organization in Paris.
How did that come about ?

B. B. - Because of our work with rockets I became a member of the Swedish Space
Committee, and Sweden joined ESRO in about 1963. In 1965 I was asked by the
ESRO Council ifl would like to serve as scientific director in Paris, and I accepted. My
work was mainly concerned with the initial development of the early European
satellites and planning and constructing a permanent rocket-launch site at Kiruna,
above the Arctic Circle in Sweden, which was to become a key place for rocket research
in Europe. I returned to the Institute in Stockholm after two years, Bo Doos having
stood in for me very ably during my absence.
H. T. - It was the success of the meteorological satellites and progress in numerical
methods of analysis and prognosis which led the United Nations General Assembly to
adopt the famous resolutions in 1961 and 1962 paving the way for the World Weather
Watch and the Global Atmospheric Research Programme. You were closely associated
with GARP from the very beginning, I believe?
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B. B. - WMO had set up its Advisory Committee in 1963, and in IUGG people asked
me to .see what could be done on the non-government side. I had discussions with
Jule Charney, Tom Malone and a few others, and then spent a day with the President
of ICSU, then Sir Harold Thompson, in Oxford. We drew up the composition and
terms of reference of what became the Committee on Atmospheric Sciences, created by
ICSU in 1964. It held its first meeting at Geneva in 1965, and turned out to be the
most stimulating committee I had ever served on. The high motivation and variety of
expertise among the 12 members was very beneficial for GARP. It was this committee
that hatched the two-week study conference on GARP at Skepparholmen, Stockholm,
in July 1967. It was a great success, attracting scientists from countries far and near,
not least from the Soviet Union. But before that, in April, the Fifth WMO Congress
had agreed to the principle of a joint undertaking of GARP between WMO and ICSU
and the establishment of a Joint GARP Organizing Committee. To begin with,
Academician Fedorov of the USSR had certain reservations about all this, and in a
private discussion he put some very pertinent and searching questions to me. However,
I managed to convince him, and from then on he gave strong support to the
Programme. A little while later the ICSU General Assembly in turn approved the
proposals. The agreement was signed in Rome on 10 October 1967 by Dr Alf Nyberg
for WMO and by Dr J. M. Harrison for ICSU. The JOC thus constituted consisted of
myself, V. A. Bugaiev (USSR), F. Moll er (Federal Republic of Germany), A. S. Monin
(USSR), P. More! (France), Y. Ogura (Japan), P. R. Pisharoty (India),
C. H. B. Priestley (Australia), J. S. Sawyer (United Kingdom), J. Smagorinsky (USA),
R. W. Stewart (Canada) and V. E. Suomi (USA). It met for the first time at Geneva
from 16 to 20 April 1968, and I was elected chairman for a four-year period. Rolando
Garcia had been chosen to head the small group working for us at WMO headquarters.
Our primary task was to develop the plans for the various GARP projects, and my
term as chairman really culminated with the intergovernmental planning conference in
Brussels in March 1970. I stayed on the JOC for another six years, but my place as
chairman was taken by Bob Stewart and then by Joe Smagorinsky.

H. T. - Of course, GARP had two distinct targets: to improve routine short- and
medium-range weather forecasting, and to better understand the physical basis of
climate. The GARP Atlantic Tropical Experiment in 1974 was principally aligned on the
first objective. What was the strategy for tackling the second?
B.B.- You are right in that the JOC had its sights mostly on the first GARP objective
until the early 1970s, but even before GATE we did start discussing the climatic
aspect, and at a meeting in London in 1973 I was given the job of organizing another
international study conference, this time on the physical basis of climate and climate
modelling. It took place at Wijk, near Stockholm, from 29 July to 9 August 1974, and
the proceedings served as a framework for the continued planning of GARP. After the
First GARP Global Experiment, of course, efforts were channelled into the World
Climate Research Programme which closely resembles GARP in the manner of its
organization and planning. The JOC is now called the Joint Scientific Committee, but
it is still composed of twelve scientists nominated by WMO and ICSU, and there is still
a Joint Planning Staff working with the WMO Secretariat.

H. T. - I assume that your work on the carbon cycle has tal{en on considerable
importance in the context of the WCP?
B.B. - Yes it has. Short- and medium-range numerical weather prediction studies
involve atmospheric physics and thermodynamics, but, when the range is extended to
a month or more, a thorough understanding of other environmental processes becomes
necessary because of the significant inherent feedback on these time scales. Climate
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studies ar'e, ipso facto, multidisciplinary in character, and one important discipline
concerns changes in the chemical composition of the atmosphere that may be natural,
but are more often brought about directly or indirectly by human activities, notably the
release of pollutants. Carbon dioxide is a relatively abundant trace gas; it has strong
radiative properties substantially affecting the Earth's radiation budget, and its
increased concentration is a typical product of present-day human activities. ICSU's
-response to this problem had been to create in 1969 the Scientific Committee on
Problems of the Environment (SCOPE), which in 197 5 arranged a conference here in
Sweden on biochemical cycles. That had the effect of stimulating me to try to get to the
bottom of the global biogeochemical cycles, and, as the term suggests, this involves
interfaces with such other fields as biology and oceanography. I took an active part in
the Ratzeburg workshop organized by SCOPE in 1977 that generated the material for
The Global Carbon Cycle, No. 13 in the SCOPE publication series 1• And then, as you
will remember, climatic effects on the biosphere was the subject of my IMO Lecture at
the Eighth World Meteorological Congress in 1979.
H. T. - As I understand it, the principal source of carbon dioxide increase in the
atmosphere is the combustion of carbonaceous material, and the primary sinks are
vegetation and the sea. I suppose that is one reason why oceanography has been brought
to bear on studies in this field.
B.B. - Yes. I think the problem is quite well described in The Global Carbon Cycle. I
worked a lot with SCOPE the next few years on modelling the global interactions;
there were other workshops at La Jolla and Stockholm, and in November 1980 I was
chairman of a meeting of experts convened by UNEP, WMO and ICSU at Villach in
Austria. It was clear to me then that our assessment of the C0 2 situation and prospects
was based on research that was seriously inadequate, and some· time later when the
Executive Director of UNEP, Dr M. Tolba, visited Stockholm I had a long discussion
with him when I did my best to convince him that UNEP should support a really well
conceived and planned project to assess the problem of global climatic changes and
their implications for ecosystems. After a few consultative meetings this project was
agreed to, and Dr Bo Doos, recently returned from Geneva where he had been Director
of the Joint Planning Staff, was put in charge of co-ordinating it. He organized working
groups and got key people to write certain sections, and a good document was
produced for a second UNEP/WMO/ICSU assessment meeting at Villach in October
1985 2 • I think it was a more fruitful meeting than the first, even ifwe still could not say
unequivocally to what extent the activities of the human race were affecting the
climate.
H. T. - Perhaps this is the moment for you to say something about ICSU's International
Geosphere-Biosphere Programme?
B.B. - It was largely due to the initiative of Professor Tom Malone that, even before
the second Villach meeting, ICSU had started looking at the possibility of a large-scale
joint programme to study interactions between the geosphere and the biosphere.
Clearly it would be a prodigious task, and it might well prove impracticable. I was
brought into the thick of things when I replaced Sir John Kendrew as chairman of a
committee charged with seeing whether a proposal could be prepared for submission to
the ICSU General Assembly in 1986. To cut a long story short, the proposal was made
and accepted, and the International Geosphere-Biosphere Programme (IGBP) was
1

The Global Carbon Cycle. B. BOLIN, E. T. DEGENS, S. KEMPE and P. KETNER (Editors).
SCOPE 13. John Wiley & Sons Ltd., Chichester (1979).

2

WMO Bulletin 35 (2) pp 130-134 (Ed.).

399

born. I declined to be chairman of the IGBP steering committee because this will be a
long-term undertaking, and whoever is at the helm should be able to see it through, but
I shall be a member of the committee for a few years in case my advice can be of
use.
H. T. -

Apart from this, what have your recent activities been?

B.B. - I served as one of six scientists on a governmental advisory committee on
research. The representatives of the Government sitting on it were the Prime Minister,
the Deputy Prime Minister, the Minister of Research and Education and the Minister
of Technology, so it was a really high-level body. When my term of office expired, the
Deputy Prime Minister, Ingmar Carlson, asked me to be his personal scientific adviser.
Following the assassination of Olaf Palme in March 1986, Carlson became Premier
and also chairman of the advisory committee. I believe that committee is almost
unique in that six scientists brief the top people in the government in a totally informal
way, without minutes being recorded and without any power of decision. About four
times a year the committee meets with another dozen scientists on specific topics and
has exhaustive discussions. This liaison is good not only because it informs those who
govern us about scientific thinking, but also because it breeds confidence within the
scientific community that its views are properly taken into account when decisions are
made. This involvement in national science policy, together with my numerous
international commitments, mean that I am not able to devote the time needed to run
the International Meteorological Institute single-handed. For the day-to-day affairs I
am very fortunate to be able to rely on Henning Rodhe, professor of chemical
meteorology, and Georg Witt, professor of atmospheric physics, as well as two assistant
professors, Erland Kallen and Jost Heinzenberg.

Discussion at the International
Meteorological Institute.
Left to right: Dr B. Doos,
Dr A. Wiin-Nielsen,
Dr F. Defant and Dr Bolin

H. T. - When I was at the Institute there were always lots of visitors but very few
students. What is the situation nowadays?
B.B. - There are always several long-term visiting scientists, and numerous
personalities come for a short period. As for graduate students, we have between 15
and 20, the majority Swedish but with a regular flow from overseas. You must
remember that now there are two paths one can follow in studying meteorology at the
University of Stockholm: the traditional one of atmospheric physics and dynamics and
the relatively new one of chemical meteorology. For the latter we have chemistry
graduates who enter with no knowledge of meteorology and therefore require
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introductory courses, but who bring in a lot of fresh competence in chemistry. It is
thanks to Henning Rodhe that the recruitment base has been widened in this respect. It
is too early for more than a few to have graduated from this course, but those who did
found employment without any problem, notably with the Environment Protection
Board or regional institutions concerned with the environment, and also in industry,
which is becoming more and more environment-conscious and anxious to recruit
expertise in atmospheric chemistry. Some have stayed on to do postgraduate research
in this rapidly expanding field. All in all, atmospheric chemistry is an attractive
prospect these days.
H. T. -Is the Environment Protection Board is a governmental body?
B.B. - Yes. It was set up in 1969. I was a member of its committee on marine
questions for several years, I was on its scientific committee in the early 1980s. The ex
officio director of research in the EPB is chairman of the IMI Board.
H. T. -

How is the Institute financed?

B. B. - About one-third of our budget comes from the University since we are one of
its departments; about ten per cent is a direct grant from the Government due to our
having been designated the IMI; UNEP made a substantial contribution in connection
with the major project on climate and the biosphere; then three Swedish bodies jointly
support about half our total activities: The Science Research Council, the EPB
Scientific Committee and the Swedish Space Research Organization. We submit
proposals for research projects, and they are either accepted or, very occasionally,
rejected. On the whole we are treated with much generosity.
H. T. - I realize that you have not been personally involved in NWP for quite some time,
but please give me your views on the current status of that field.
B.B. - I think that the ECMWF is leading the world in advancing knowledge in NWP
and putting it to practical use. In the past ten years we have more or less doubled the
time-range of useful deterministic forecasts. In the first place it was through better
science: knowing how to introduce the role of clouds, the effect of mountains and
changes in the character of the Earth's surface, for example. More recently it became
apparent that an important limitation in the performance of models was due to the
gridpoint resolution being too coarse. That required still more efficient
supercomputers which certainly had a beneficial effect. However, we now come up
against the difficult problem of introducing new processes into a model that is already
tremendously complex. You may have tuned a model to do the best it can under an
existing regime, and if you change its digestive process by incorporating, for instance,
better physics, there may be no apparent improvement in the output product. In spite
of this I am fairly sure there is scope for better operational models, although I could
not say how far one can go.
H. T. - Encouraged by the success of the ECMWF, there is now a move to set up
Regional Specialized Meteorological Centres to serve groups of countries in other parts
of the world. Do you view this idea with optimism?

B.B. - Yes, provided that account is taken of certain inherent limiting factors. Is it
not highly beneficial for people to take knowledge acquired elsewhere and adapt it
rationally to problems in their own region? For one thing, in this way I am sure that
much greater use would be made of satellite data. It must be realized, however, that in
certain regions, especially the southern hemisphere, the lack of observations will
inevitably detract from the potential of whatever NWP model is used. Nevertheless, if
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there is the same good organization as there was with the ECMWF, I am convinced
that advanced forecasting centres for selected areas would amply repay the cost of
setting them up.
Coming more into your current field of interest, what is the position as regards
understanding the causes of climatic changes ?

H. T. -

B.B. - There have been remarkable developments in modelling the climate system,
but one must remember that the models are no more than crude approximations of
reality. In the context of the consequences of an altered composition of the atmosphere
on climate, the models may be fairly trustworthy whilst we are thinking in terms of
global temperature means with quite a wide margin of uncertainty, but not reliable at
all for deducing anything about regional distributions. The 'greenhouse' gases that are
normally considered when estimating future climate changes are carbon dioxide,
chlorofluorocarbons, ozone, methane and nitrous oxide, with C0 2 contributing about
60 per cent. If the radiative effects of the remaining 40 per cent of greenhouse gases are
also included, I usually postulate that the global equilibrium surface temperature
should increase by between 0.8 and 2.5 K, but, because of the slow rate of response of
the climate system, only about half that increase is likely to be realized, say between
0.4 and 1.2K. Now instrumental records over the past 100 years indicate a world-wide
increase of 0.6K, so we can say that observational measurements support the
affirmation that human activities are changing the Earth's climate, but so far they do
not prove it. There should be some firmer evidence a decade from now. However,
there is another factor that corroborates the affirmation, namely that temperatures in
the stratosphere are slowly going down, as would be expected with increased
atmospheric concentrations of greenhouse gases.
H. T. -

So there has been no decline in scientific interest in the C0 2 problem?

B.B. - None at all, but in spite of that we still have a great deal to learn about the
carbon cycle. For example, it is only six months since the results were published of the
first attempts at using global ocean circulation models to study the evolution of C0 2 in
the sea. We shall need to go much further than this and incorporate biological
processes that take place in the sea, and also the circulation characteristics of elements
other than carbon. This field of chemical oceanography must be greatly expanded,
bringing oceanographer chemists closer to the oceanographer physicists who are
developing the models.
H. T. -

Perhaps you would like to say a word about the ozone problem?

B.B. - There certainly is a problem there, and perhaps it is fdrtunate that there is so
little life on the Antarctic continent where the springtime total ozone has diminished
so alarmingly. The extremely cold vortex over the South Pole in winter permits
stratospheric clouds to form and these result in dehydration and denitrification,
leaving the way open for free chlorine atoms to catalytically destroy ozone with
devastating efficiency as soon as the sunlight returns. There are other possible
feedbacks: since the ozone is depleted in the Antarctic stratosphere, heating of the
stratosphere will decrease and the low temperatures will counteract the loss of ozone.
So far I have only talked about ozone over Antarctica, but there are indications of a
reduction in the northern hemisphere too, by perhaps six or seven per cent, and one
wonders what the future trend will be. At all events I am very concerned about the
situation. I hope that the Swedish Government will ban the manufacture of 'freons'
before the mid-1990s, which is considerably in advance of the Montreal Protocol
strictures.
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You have encountered many eminent people in your life. Which do you think
exerted the greatest influence on you, professionally speaking?

H. T. -

B. B. - Rossby came into my life when I was 22, and that is an age when one is highly
sensitive to impressions, so with his special personality there is no doubt that he was
the most influential person. But there are many others from whom my character can
only have benefited; for instance Charles Dave Keeling, with whom I worked for long
periods, has counteracted my tendency to generalize with his insistence on precision,
and back in the 19 50s Jule Charney and Norman Phillips were both scientists I liked
and admired. There are lots more people I could name, those three are only intended to
be a sample.
H. T. -

What are the most unforgettable times of your professional life ?

B.B. - I remember so many with great happiness, but the thing that has really
coloured my life is the working atmosphere that developed from the very early days of
the Institute. It has been an experience that surpasses valuation. Enjoyable as the
Institute life is, I intend to devote more of my time to other things during the years
ahead. For instance, I am very fond of music and sing in a choir; I am interested as a
layman in the theatre, in psychology and biology, as well as in politics, science and
society.

Which of the awards you have won gave you the greatest personal
satisfaction?

H. T. -

B.B. - There are not so many, and you cannot draw me into comparatives. The IMO
Prize I greatly appreciated because of its international connotation, the Carl-Gustav
Rossby Research Medal because of its scientific significance, and, perhaps because it is
so recent, having been chosen for the John and Alice Tyler Prize for Environmental
Achievements under the aegis of the University of Southern California.
H. T. -

What is your advice to a young person concerning a career in meteorology?

B.B. -It is essential to have the inclination and capability to acquire a sound basic
education in mathematics, physics and chemistry. From that point on it will be up to
the individual whether he or she wishes to go into dynamic meteorology or
climatological research or, as I mentioned earlier, study chemistry and enter the field
of chemical meteorology. I think what counts most is to have a genuine interest and
concern in the environmental sciences.
H.T.- Dr Bolin, thank you very much indeed for this most interesting interview. The

whole community of environmental scientists will certainly join in wishing you many
more years of productive activity.
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