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THE PICTURE ON THE COVER
The c(;ver of this issue of the Bulletin was
designed in honour of a sister specialized
agency of the United Nations, the International Telecommunic ation Union, which is
the first to celebrate its centenary. It has
often been pointed out that the rapid development of meteorological services in the middle
of the nineteenth century was largely due to
the introduction of the electric telegraph,
which made it possible for the first time for
meteorologists to receive observations from
distant stations sufficiently rapidly for use
in weather forecasting. It is therefore not
surprising that WMO and its predecessor
IMO have always worked in close collaboration with ITU, the body responsible for maintaining and extending international cooperation for the improvement and rational
use of telecommunica tion of all kinds. This
collaboration has helped in raising the worldwide meteorological telecommunic ation channels to their present high level of efficiency
and will likewise contribute to the successful
planning and implementatio n of the World
Weather Watch. On behalf of WMO, it gives
me great pleasure to offer our congratulations to ITU and to wish its SecretaryGeneral, Mr. G. C. Gross, and his staff continued success in the future.
D.

A.

DAVIES

(Cover design by courtesy of the International
Telecommunication Union)
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NOCTILUCENT CLOUDS
By Benson FoGLE *
(abbreviated
Noctilucent clouds
NLC), situated high in the atmosphere,
are seen against the background of a
dark sky while they are still illuminated
by sunlight when the sun is well below
the horizon. They frequently resemble
cirrus or cirrostratus, often having a
delicate filigree pattern, with marked
wave structure (Figure 1). In brightness and extent they have a considerable range.

tinge. The spectra of these clouds are
similar to that of daylight with the
Fraunhofer lines clearly present and
no emission lines (Stormer 1933, Grishin 1956). These indicate that the
light from NLC is scattered sunlight
and that the clouds scatter better in
the blue than in the red. Polarization
measurements (Witt 1960) show that
the light from the clouds is strongly
polarized.

These clouds began to attract the
attention of scientists in 1885 ; the
first recorded observation, recognizing
that they were an unusual and remarkable phenomenon, was made by T. W.
Backhouse (1885) ** at Kissingen,
Germany, on 8 June of that year.
Many other observations were made
at about that time ; in later years the
number reported rose and fell, partly
depending on the attention given to
them by interested observers. The
observation of noctilucent clouds is
now being done on a routine basis
at most of the meteorological stations
in the northern and southern hemisphere between 45° and 90° latitude.
The observational data obtained by
these stations are collected at three
centres - Edinburgh, Scotland (for
Great Britain and the North Atlantic),
Tartu, Estonia (for the U.S.S.R.), and
College, Alaska (for Alaska, Canada,
Greenland, Iceland, and all the southern
hemisphere). Over a thousand occurrences of these clouds are on record so
far, and many of their characteristics
have been studied.

The clouds are usually tenuous and
of low brightness. However, they are
occasionally bright enough to cast
shadows and permit the reading of
printed matter outdoors. Exposure
times for moderate displays, using
Kodachrome II (ASA 25), range from
1j8 sec with a solar depression angle
of 6°, to about 30 sec for a solar
depression angle of 12° at an aperture
of f 2.8. Noctilucent clouds may be
generally classified (Grishin 1955 ; Ludlam 1957, Fogle and Gotaas 1963) into
four different types : veils, bands,
billows and whirls.

Colour and form

Veils are very tenuous, lack structure and are often present as a background for the other forms.
Bands are long streaks with diffuse
edges, more or less straight, and parallel
to each other. They are sometimes hundreds of kilometres long and are quite
persistent with little change of detail.
Smaller streaks with twists or bends
may lie across the bands or branch out
from them. The distance separating
pairs of bands ranges from tens of kilometres to over a hundred km.
Billows are groups of sharply defined
short bands spaced closely together.

The colour of the clouds is usually
silvery white, often with a bluish

*
**

Dr. Benson Fogle, Geophysical Institute of the University of Alaska, College, Alaska.
See references on p. zo8.
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The distance separating pairs of billows
ranges from about 5 to 20 km, the
average value being about ro km.
They sometimes lie across the long
bands, and give the appearance of a
comb or a feather. At other times they
appear alone against the veil background. Several billow groups may
exist at the same time in different parts

around ro km are most common. Two
mechanisms- internal gravity waves
(Hines, 1959) and interface waves
(Haurwitz, rg6r)- have been suggested to account for the wave structure in
NLC. In a recent comprehensive discussion of these two mechanisms, Haurwitz (rg64) speculates that the short
wavelengths may be caused by inter-

Figure r Noctilucent
clouds seen from Anchorage,
Alaska, on 27/28 July I957
(Photo by ]. Z oller)

of the sky with different alignment.
Unlike the long bands, the billows may
change their forms and arrangement
or appear and disappear within several
minutes or tens of minutes.
Whirls are sometimes seen in the
veil, band and billow forms. They are
usually of slight curvature but on rare
occasions form complete rings with
dark centres. This structural form
indicates the presence of considerable
turbulence.

face waves and the long wavelengths
by internal gravity waves. He indicates
that before an unambiguous explanation of the NLC wave forms can be
made, more data are needed on the
wind and temperature distribution at
and near the mesopause when NLC are
present.
Height
Over the past So years, more than a
hundred height measurements have
been made. The values range from 74
to 92 km, the average being 82 (Fogle,
Chapman and Echols, rg65). The
82 km level agrees closely with that of
the mesopause where the air temperature has its second minimum value.
The frequency distribution of the
height measurements is shown in
Figure 2 (see next page).

In complex displays, two and sometimes all four forms are observed
simultaneously. Occasionally two intersecting groups of long bands or
billows are formed, giving rise to bright
knots at the intersection points.
The band and billow structures so
frequently observed in NLC displays
are indicative of wave motion. Wavelengths from 5 to over too km have
been measured (Fogle, Chapman and
Echols, rg65), but wavelengths of

Observing conditions
Noctilucent clouds are observed during the twilight periods when the sun
is between 6° and r6o below the
observer's horizon. When the solar
203

is around 60°. As NLC are most often
observed at elevation angles of 5°-I0°,
this places the latitude of maximum
occurrence of the clouds at about 65°N.
Similar results on the latitudinal
distribution of NLC were obtained
in Russia during the IGY (Pavlova,
rg6o).

depression angle (SDA) is less than
6°, the sky background is too bright
for a moderate display to be observed,
and when the SDA is greater than r6o
the 8z km level where the clouds are
formed is no longer illuminated by the
sun's rays. Below 6o latitude there
is an interval of time every day of the
year when the SDA is greater than
6°, but as one proceeds polewards of
0

No reliable reports of naturally
occurring NLC from places below 45o
have been reported* and it seems
likely that these clouds do not extend
to such low latitudes. Astapovic (rg58)
reported that a watch for NLC during
700 cloudless summer nights from
Askhabad, Russia (37·5°N, 58.3°E)
gave no sightings. A careful watch
kept at Hanover, New Hampshire
(43·7°N, 72.3°W) by K. D.Baker during
the summers of rg63 and rg64 also
resulted in no sightings, although a
number of displays were observed
from higher latitudes during the same
period. These results, along with the
latitude of occurrence data, indicate
that the zone of occurrence of NLC is
symmetric about the geographic rather
than the geomagnetic pole. If the
clouds were symmetrical about the
geomagnetic pole then they would have
been observed at lower geographic
latitudes in North America and higher
latitudes in Russia.
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this latitude, there are periods when
the sun does not sink below this value
and the NLC cannot be seen. As
Figure 3 shows, the period of time when
the SDA is between 6-r6o varies
markedly with latitude and season.
Latitudes of observation

The lowest and highest latitude
sightings of NLC were made from
45oN and SooN, respectively, but most
of the observations have been made
over the latitude range of 50°N-65°N.
Based on the observational data from
North America, the frequency of
occurrence of NLC as a function of
latitude (Figure 4) shows that the
optimum latitude for seeing the clouds

The data obtained at Edinburgh,
Scotland (56°N) over the past r5 years
show that NLC have never been observed there later than z August (Paton,
rg64) while they have often been
observed from Torsta, Sweden (63.3°N)
and College, Alaska (65oN) in late
August. These results suggest that the
clouds recede polewards in late sum-

* A rti ficiat noctilucent clouds
Over the past few years there have been over a dozen sightings of artificial NLC (Meinel
et at., rg63) at latitudes below 45'. These clouds have been associated with rocket launchings
from the Point Magu Missile Range at 34'N, rr8'W. Most of the sightings have been correlated with launchings of the scouT missile, which has a solid propellant and burns high into
the atmosphere. The exhaust products of the scouT missile are rich in water vapour and solid
particles, and it appears that these substances are introduced into the mesopause region in
sufficient amount to create artificial NLC. When the winds are toward the east, the clouds
drift over Arizona where Meinel has observed them.
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to occur most frequen tly in the southern hemisp here during the months of
Decem ber-Feb ruary.

mer, but more data from the networ ks
of observing station s will be needed
before this can be establis hed with
certain ty.

Spatial extent

Very few reports of NLC, and none
suppor ted by photog raphs, had been
made in the souther n hemisp here until

Sometimes the whole bounda ry of an
NLC display can be seen, and its area
~~~~~~·[,~:

~.t;':~~·f,~~

2~·rimt;j~·.-.

Duolo

d'Qb .. tvallon

24heut../lour
e~nllnuous

·~ 9

\

vlewong period

--p~rlodod'obse.,atlonconlinue

·r·
ltt'~~~- '/

_ _ _ $pllt•lewlngpetlod
p~rlode d'obser~auon

lnlorrompuo

li: \

.,.,_x
-55J!f . .·/
j z- -~-==.:::.::..·::::-=:::::::- ~j.........

~·

"'.~

3 -

.... _________ __

', ___!
'

_______
\.\. .i\""'
.
'-.........

'

,60'N

)
.....................

)5~-----------

__ _

-----

_..,.,.""

·--J.~~ _-:.::.:::-.::.=.:-.:::~---==---

HOV

JAN

this year, when during a ten-day trip
to Punta Arenas, Chile (53°S, 7I W),
the author observed and photog raphed
a modera te display on the night of
9/IO Januar y (rg65) (See Bulletin ,
Vol. XIV, No. 2, p. 77). Althou gh the
existence of NLC in the souther n hemisphere has now been verified, much
remains to be learned about their
characteristics, such as the frequen cy
of occurrence, height, velocity, and
spatial extent.
0

PEC

Variatio n of
Figure 3 NLC observin g periods over
the year as a function of
latitude .

estima ted; this may be only a few tens
of thousan ds of square kilometres. The
extent of sky at the level of 82 km
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Season for observation

In the norther n hemisphere, NLC
have been reporte d as early as 5 March
and as late as 28 October, but they are
observed most frequen tly during the
summe r months of June-A ugust. The
frequency distribu tion of the 1,034
recorded sightings of NLC from r885
to rg64 as a function of season is shown
in Figure 5· The majori ty of sightings
are made after the summe r solstice
with the peak of activity falling on
ro July. Based on the norther n
hemisphere results, NLC are expecte d

\0
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Figure 4 - Apparen t frequenc y of occurrence of NLC over North America with
respect to latitude. Based on data from
I933 to rg64

visible from the ground is a circula r
area of about IOOO km in radius and
about 3 million km2 in area, but only
a part of this can be illumin ated by
sunligh t against a dark sky. One NLC
display widely observe d over Alaska
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and Canada during August rg63 was
too extensive to be all visible from any
one place ; combinatio n of data from
many observers indicates that its
area was more than 2.5 million km 2
(Fogle, rg64). It is possible that NLC
might at times cover all longitudes
around the pole, and have an area of
the order of ro 8 km2 ; but this, if tme,
would be difficult to establish by obser-

reported. A vector plot of the reported
velocities is given in Figure fi.

Particle size and number density
Polarizatio n measurem ents (Witt,
rg6o) have shown that the average
diameter of NLC particles is about
0.3 microns. The results of rocketborne particle sampling experimen ts
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vations of the kind so far available,
because they are restricted to twilight,
and only stations in a sector of about
IZ0° in longitude can see them at the
same time.

Duration
NLC may be formed or disappear
in the daytime, when they cannot be
seen. During August rg63, two displays were observed from College,
Alaska, for more than 5 hours. Sometimes extensive NLC recur for two
or more successive nights, but whether
they are parts of a distributio n that
is continuous throughou t the intervening daytimes is uncertain. Particular
parts of NLC may last for only some
tens of minutes.

Drift motion
About a hundred measurem ents of
the velocity of NLC have been made
during the past 8o years. In the
northern hemisphere, the motion is
generally toward the south-west ;
speeds of 40 mjsec are common and
values up to zoo mjsec have been
206

Figure 5 Number of
times NLC have been reported on a given day during
the period I885-1964. The
peak of activity falls on I o
July with 78 per cent of the
1,034 observation s being
made after the summer
solstice

conducted over Sweden during rg6z
showed that : (r) NLC particles range
in diameter from 0.05 to 0.5 microns,
(z) the larger particles were coated
with a volatile material believed to be
ice, (3) the dust nuclei contained
nickel and iron suggesting that they
are of extra-terre strial origin, (4) and
the number density of particles in the
vicinity of the mesopause was greater
by a factor of roo to moo when NLC
were present than when they were
absent (Witt, Hemenway and Soberman, rg64). The size distributio n of
the particles collected in the presence
of NLC is shown in Figure 7·

Theory
A satisfactor y theory of NLC must
explain why they occur at or near the
mesopause, apparently only in summer
and in latitudes above 45°, how they
are formed, why they are present
only on some nights and not on others,
why they are thin, and why they
generally last for some hours.
The earliest sightings (r885) came
when dust from the great volcanic

eruption at Krakatoa had become
dispersed over the globe, producin g
sunsets of unusual brightnes s and
splendour. This led to the sky being
more widely observed at that time,
but statistics do not support the view

tions. In their theory, the water
vapour is supposed to be mixed up to
the mesopau se from below by vertical
motions of the order of r cmjsec as
suggested by Murgatro yd and Singleton (rg6r) and Hesstved t (rg64). To
explain the increased concentr ation
of dust at the mesopau se when NLC
are present, Chapman and Kendall
propose that extra-ter restrial dust entering the earth's atmosphe re assumes
an exponent ial distributi on that cuts
off at the turbopau se due to the
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NLC velocities. A total of 97 observatio ns
made during the period r885-1963 give a
mean speed of 40 m/sec towards 240° azimuth
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\
shown
has
Analysis
NLC.
I
cause of
I
that there is no apparent correlatio n
'
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of NLC occurrence with volcanic
microns
Average diameter,
activity, comets, meteor showers (Yestine, 1934) or the sunspot cycle (Fogle, Figure 7 - Particle size distributio n in
sampling experiChapman and Echols, rg65). A mea- NLC as determine d infrom
rg6z. Dashed line is
ments over Sweden
the
at
ure
temperat
surement of the
the fit required to make this data consistent
mesopause when NLC were present
with polarizatio n data
over Kronogar d, Sweden, gave a very
low value of I30°K (NASA News effects of turbulenc e below that level.
Release, rg63). This result, along with At times during the summer months
the results of the particle sampling in high latitudes the turbopau se level
experime nts described earlier, supports (which in low latitudes is at about
the view that the clouds consist of ros km) is supposed to fall down to the
ice-coated extra-terr estrial dust parti- mesopau se at 82 km. This lowering of
cles and suggests that the necessary the turbopau se to 82 km serves to
conditions for their formation are increase greatly the dust concentra tion
a low temperat ure and the presence there, and when the temperat ure is
of adequate water vapour and dust low and the water vapour concentra nuclei at the mesopause.
tion is high, NLC are formed. Chapman and Kendall do not attempt an
have
(rg65)
Kendall
and
Chapman
recently proposed a theory of NLC explanati on of the unusually low
formation based on these considera- temperat ures found at the mesopause,
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nor do they explain why the turbopause should occasionally fall to the
mesopause in high latitudes. Their
theory, if true, does however explain
many of the features of these clouds.
Meteorological interest
It is unlikely that NLC will ever
be of value in weather forecasting,
but they can certainly contribute to
our knowledge and understanding of
the dynamics and thermodynamics of
the upper atmosphere. They serve as
a useful tracer in the study of the
general circulation pattern at the
mesopause. Our main knowledge of
winds in this region has come from
observations of meteor trails, luminous
chemical releases from rockets, and
rocket-borne sound grenade experiments, but NLC can give velocity
information more continuously and
over larger regions than is possible
with these other techniques. Two of
the interesting problems connected
with these clouds that require further
investigation are their possible influence on the thermal distribution which
is apparently important for their
creation, and their influence on the
photochemistry of the mesosphere,
particularly as regards ozone, atomic
oxygen and water vapour.
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INTERNATIONAL HYDROLOGICAL DECADE ACTIVITIES
By M. A.

KOHL ER

The nature and purpo ses of the
Intern ationa l Hydro logica l Decad e
(IHD) were described in a previo us
issue of the WMO Bulletin. r** In the
time which has elapse d since that
article was prepar ed, a numb er of
planni ng and scientific meetings have
taken place ; we have officially entere d
the Decad e; and many aspect s of the
long-term progra mme have clarified
materially. This article is in the nature
of a progress report and should be
viewed as a compa nion article with
that cited above.
The IHD progra mme received attention or was otherwise promi nently
involved in the following intern ationa l
meetings since Janua ry rg64 :
UNESC O Intergo vernm ental Meetin g of
Expert s, Paris, 7-17 April 1964 ;
WMO Execut ive Comm ittee, Sixtee nth Session, Geneva , 26 May- 12 June 1964;
WMO Execut ive Comm ittee Panel of Experts for the IHD, First Session , Warsaw ,
28 Septem ber 1964 ;
WMO Commi ssion for Hydrom eteorol ogy,
Second Session, Warsaw , 29 Septem ber15 Octobe r 1964 ;
UNESC O Thirte enth Genera l Confer ence,
Paris, 20 Octob er- 19 Novem ber 1964;
WMO Execut ive Comm ittee Panel of Experts for the IHD, Second Session , Geneva ,
3- 7 May 1965 ;
UNESC O Co-ord inating Counci l for the IHD,
Paris, 24 May- 3 June 1965 ;
WMO Execut ive Comm ittee, Sevent eenth
Session, Geneva , 27 May- I I June 1965;
ICSU, Scienti fic Comm ittee for Water
Resear ch, Paris, 8- 12 June 1965;
WMO- IASH Sympo sium on Design of Hydro meteor ologica l Netwo rks, Quebec City,
15-22 June 1965;
Co-ord inating Counci l ad hoc Worki ng Group
on Netwo rk Planni ng and Design , Quebec
City, 23- 24 June 1965.

*

**

*

There are a numb er of intern ationa l
gover nmen tal and scientific organization s active in hydro logy and water
resources r and, as might be expec ted,
organ izatio nal aspec ts of the IHD
are rather complex in some respects.
A brief review of the more impor tant
releva nt decisions of recent meetings is
presen ted in the hope that it will shed
some light on the mann er in which
IHD activi ties will proceed.
UNES CO Intergovernmental Meeting
The purpo se of the UNESCO Intergover nment al Meeting was to prepa re
the final draft of the progra mme for the
Intern ationa l Hydro logica l Decade, to
specify the proced ures for its execu tion
and to prepa re mater ial for the decisions which the Gener al Conference
would have to take in this connexion
at its thirte enth session, partic ularly
with respec t to the statut es of the
Co-ordinating Council which it was
2
propo sed to set up for the Decad e •
WMO Executive Committee
At its sixtee nth session (rg64) the
WMO Execu tive Committee, noting
recom menda tions of the Interg overn menta l Meeting of Exper ts and the
recognition by that body of the role
of WMO in the IHD, adopt ed a resolution settin g forth the activi ties on
which major WMO effort should be
conce ntrate d. The resolu tion also established the Execu tive Committee Panel
of Exper ts for the IHD; reque sted
the Commission for Hydro meteo rology
to take all steps to assure the success
of the IHD ; and invite d Members to

ogy.
Preside nt of the WMO Commi ssion for Hydrom eteorol
See referen ces on p. 213.
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consider the need for establishm ent
or extension of basic hydromete orological networks when preparing national programme s.
Commission for Hydrometeorology

During the rgso's, WMO was requested by ECOSOC to assume greater
responsibilities in hydrology and water
resources and this led to the establishment of a new technical commission
(CHy). Since the concept of the IHD
was proposed to achieve much the
same objectives (on a broader scale
and with greater emphasis on scientific
research), it is to be expected that
virtually all activities of the CHy fall
within the scope of the IHD.
The major emphasis of the commission during the first intersessio nal
period was on the preparatio n of a
WMO Guide which was adopted at
its second session (CHy-II). The Coordinating Council for the IHD has
recommen ded that this Guide to Hydrometeorological Practices, now being
prepared in the four official languages,
be followed as far as practical and
appropriat e. Decisions at · CHy-II
provide for expanding and otherwise
improving the Guide ; the preparatio n
of Technical Notes on special topics,
including training ; the preparatio n
of a hydrological terminolog y of equivalent terms in the four official languages ; and developme nt of a proposed
revision of the Universal Decimal Claslification (UDC) schedule for hydrology. The Working Group on UDC
met in Geneva 28 June- 3 July rg65
and it is expected that the recommen dations of the group will be considered
by the Internatio nal Federation for
Document ation Committee concerned
with earth sciences (FIDjC55) in
October rg65.
UNESCO General Conference

The UNESCO Thirteenth General
Conference declared the IHD, for the
period rg65-1974, a reality "as a
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world-wide enterprise of scientific cooperation among nations" and allocated
funds for UNESCO' s activities in the
programm e during rg65-rg66 . At the
same time, the Co-ordinat ing Council
was established , its statutes were
adopted, and the following twenty-on e
Member States were selected to be
members for the first term : Algeria,
Argentina, Australia, Brazil, Canada,
Czechoslovakia, Federal Republic of
Germany, France, India, Indonesia,
Japan, Mexico, Nigeria, Pakistan, Sweden, Senegal, Sudan, Union of Soviet
Socialist Republics, United Kingdom,
United States of America, Yugoslavia .
The General Conference also authorized
the Director General of UNESCO to
provide the secretariat for the intergovernmen tal programm e of the IHD
and its Co-ordinat ing Council. It is
expected that other specialized agencies, such as WMO, will second professional staff to the Decade secretariat
to assist in carrying out some aspects
of the programm e and to facilitate
interagenc y co-ordinat ion.
Executive Committee Panel of Experts

The WMO Executive Committee
Panel of Experts for the IHD was
established to consider and promote
WMO participati on in the IHD. It
functions principally as an advisory
body to the Executive Committee ,
the President and Secretary- General of
WMO, and to the CHy and its working
groups. Since the president of CHy is
the designated chairman of the panel,
there is no question of overlappin g
responsibilities with the commission
and a smooth functional relationshi p
between the two bodies is assured.
The first session of the panel (one
day) was held in Warsaw immediate ly
prior to CHy-II to prepare a working
document outlining special Decade
questions on which commission action
was deemed appropriat e and necessary.
At its second session, the panel reviewed
the decisions taken at CHy-II, as

ship of these group s is to consi st of
partic ipant s in the respe ctive symp osia
and it is inten ded that the group s will
meet in conju nctio n with the symp osia. Fund s availa ble to UNES CO for
financing worki ng group meeti ngs during the curre nt financial perio d (Ig6S Ig66) are extre mely limite d and the
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the IHD, and developed specific recommend ations . The repor t of the panel
served as a working docum ent for the
seven teenth session of the Execu tive
Committee and was largel y the basis
of WMO repre senta tion at the first session of the Co-ordinating Council.
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strengt hened; that regional associations should give increas ed attentio n
to the IHD ; and that WMO should
give substan tial suppor t to sympos ia
on The computation of maxim um floods
and Hydrometeorological forecasting.
ICSU Committee

The statute s of the Co-ord inating
Council stipula te that the "Internationa l Council of Scientific Unions
(ICSU) may give advice to the Council
on matters of scientific charact er". To
facilitate this advisor y role, ICSU
established a Scientific Commi ttee on
Water Research. This Commi ttee held
a brief meeting in June and expects to
meet again before the second session
of the Co-ordinating Council.
WMO- IASH Sympos ium

The establis hment and expans ion of
networks, particu larly in the developing countries, is a major elemen t of the
IHD. It is apparen t, therefo re, that the
WMO-l ASH sympos ium on networ k
design in Quebec constit uted an important contrib ution to the objectiv es of
the Decade. As the first interna tional
scientific meeting since inaugu ration of
the IHD, the broad particip ation and
successful conclusion of this sympos ium
are worthy of note (see p. 232).
Workin g Group on Network Design

In accordance with the decision of
the Co-ordinating Council, the ad hoc
Working Group on Networ k Plannin g
and Design met in Quebec immed iately
following the sympos ium. The report
of this working group, summa rizing
import ant implica tions and recommendin g further action, will be submitted to the Council for conside ration
at its second session next spring.
Mechanism for co-ordinated plannin g

Some procedu ral changes are perhap s
inevitab le as the Decade progresses
and responsibilities are not yet well
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defined in all cases. Neverth eless it
seems approp riate to include here a
general ized summa ry of the admini strative arrange ments for plannin g and
carryin g out the IHD program me.
It should be emphas ized that national activiti es will form the bulk of the
program me. The interna tional govern mental agencies and scientific associations will underta ke those activiti es
requirin g interna tional action and will
otherw ise provide co-ordi nation and
guidanc e. These include UN, UNESC O
WMO, FAO, WHO, IAEA, ICSU,
IGU, lUGS and lASH.
Day-to -day co-ordi nation will be
achieve d largely throug h corresp ondence betwee n the Decade Secreta riat
and nationa l commit tees.
Intergovern mental agencies will second staff
membe rs to the Decade Secreta riat
and there will, of course, be arrange ments for inter-S ecretar iat co-ordination.
The Co-ord inating Council will meet
annual ly to re-eval uate the program me;
to act on proposa ls received from national commi ttees and interna tional bodies ; and to recomm end the future
course of action to Membe r States and
to interna tional govern mental agencies.
The ICSU Commi ttee on Water
Resear ch is expecte d to meet annual ly
for the purpos e of renderi ng a report to
the Council on scientific aspects of
current and propos ed activiti es.
The WMO Execut ive Commi ttee, at
its annual sessions, will review the
IHD activiti es of the Organi zation and
will adopt decisions on future action.
The Execut ive Commi ttee Panel of
Expert s for the IHD has broad responsibilities for keeping abreast of the
Decade program me - includi ng the
activiti es, plans and recomm endatio ns
of Members, the Council and internationa l organi zation s- to facilita te

its advis ory functions in prom oting
WMO parti cipat ion. It will norm ally
meet annu ally for the prep arati on of a
repo rt to the Exec utive Com mitte e
and it will advise the Secr etary -Gen eral
and the CRy as appr opria te.
The functions of the CRy are basically similar to those of the othe r
technical commissions and are not
grea tly affected by the IHD . Even so,
its activities and the decisions at its
regu lar sessions will natu rally be geare d
to the Decade prog ramm e. The advisory role of the presi dent of the Commission during the inter sessi onal periods
is, in some respects, share d with the
pane l which is unde r his chair mans hip.
Four th Congress estab lishe d the policy
of WMO concerning the Deca de and
directed the Exec utive Committee to

arran ge for the Orga nizat ion "to
colla bora te and parti cipat e activ ely
in the world-wide prog ramm e of the
Inter natio nal Hydr olog ical Deca de".
The successful exec ution of the WMO
porti on of the prog ramm e will requ ire
incre ased fund s as the Deca de progresses. Hopefully, the Congress will
act favo urab ly on this requ irem ent
at its next two sessions and thus
reaffirm its earlier policy decision.
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MITTEE
SEVENTEENTH SESSION OF THE EXECUTIVE COM
The seve nteen th session of the
Exec utive Committee was held in the
WMO Secr etari at from 27 May to
rr June rg65. At the opening meet ing
Dr. A. Nyberg, Pres iden t of WMO,
recalled the services to WMO rend ered
by Mr. A. Viau t, who had retir ed from
the post of direc tor of the M eteorologie
Nationale of Fran ce (see Bulletin
Vol. XIV, No r, p. 6r) and that this
was the first time that a session of the
Committee was being held at which he
was not present. Mr. Viau t's place on
the Committee was taken by his
successor at the M eteorologie N ationale,
Mr. ]. Bessemoulin, who had earlier
been elected by correspondence. Besides the members of the Committee,
presidents of two techn ical commissions, Mr. M. A. Kohl er (CRy) and
Mr. K. T. McLeod (CMM) as well as
Dr. R. C. Sutcliffe, chair man of the
WMO Advisory Committee, were present for discussions on the repo rts of
their respective bodies. Official representa tives of UN, UNESCO, ILO,
ITU and IUGG were prese nt at some
of the meetings.

Following the usua l prac tice three
work ing comm ittee s were set up:
Dr. Nybe rg was chair man of the committe e on techn ical co-o perat ion questions while the two Vice- Presi dents ,
Mr. L. de Azca rraga and Academician
E. K. Fedo rov, were chair men of the
comm ittee s on admi nistr ative and financ ial ques tions and on techn ical
ques tions respectively.
In his repo rt to the session the Presiden t refer red to the expa ndin g activities of the Organization, parti cular ly
in the plan ning of the Wor ld Wea ther
Watc h, the New Deve lopm ent Fund
projects, train ing and research, and
the increasing atten tion to the promotion of atmo sphe ric sciences in cooper ation with the Inter natio nal Council of Scientific Unions.

World Weather Watch
A comp rehen sive docu ment submitte d by the Secr etary -Gen eral on the
studi es made durin g Phas e I of the
plan ning schedule of the Wor ld Wea ther
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Watch provid ed the basis for the consideration of this item. These studie s
covered the locati on and functi ons of
World and Regio nal Meteorological
Centres and the genera l charac teristi cs
of the global observ ationa l and telecomm unicat ions system s. In accordance with a decision of the Fourt h
Congress that, in additi on to Moscow
and Wash ington , a World Centre
should be establ ished in the south ern
hemisphere, the Comm ittee appro ved
the design ation of a World Centre
in Melbourne. A numb er of specific
functions of the World Centres were
also defined ; these includ e the reception of conve ntiona l and satelli te
meteorological data, the prepa ration
of analyses and prognoses for as much
of the globe as practi cable, provis ion
of trainin g and condu cting both basic
and applied resear ch on large-scale
weath er proble ms as well as some telecomm unicat ions functi ons designed for
the dissem inatio n of the produ cts of
World Centres.
The functions of Regio nal Meteorological Centres were likewise agreed
upon. These will includ e the issue of
analyses and prognoses for the use of
associ ated meteorological centres, the
processing and archiv ing of . basic
meteorological inform ation and the
public ation of select ed data. The
Secretary-General was reque sted to
obtain certai n inform ation from Members regard ing their willingness and
ability (scientific, techni cal and financial) to carry out the functi ons and
responsibilities of Regio nal Meteorological Centres.
As regards the observ ationa l system
the Committee agreed that the techniques which were considered as proven
should be includ ed in the detail ed plan
for the period rg68- rg7r while others
would form the subjec t of furthe r
studie s for possible inclusion in the
system in the subse quent period. A
numb er of basic principles for a future
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global observ ation system were also
laid down.
Partic ular attent ion was given to
plans for a reliable and adequ ate
teleco mmun icatio ns system for the
excha nge of observ ationa l and processed data on a global basis on which
the success of WWW will largel y
depen d. Detail ed guidelines were given
on the basic engine ering principles
to be observ ed in the design of the
global comm unicat ion netwo rk with
partic ular empha sis on the increa sed
applic ation of mode rn high-s peed techniques in teleco mmun icatio ns.
Other technical questions
The Execu tive Comm ittee exami ned
the report of the secon d session of
the WMO Advis ory Comm ittee and
adopt ed a numb er of decisions based
on its recom menda tions. Some specific
projec ts dealin g with the qualit y of
radios onde data and other proble ms
of the high atmos phere were referr ed
to the releva nt techni cal commissions
for study. In view of the rapidl y
develo ping activi ties of the Organ ization in the field of meteo rologi cal
trainin g, the Execu tive Comm ittee
accep ted a sugge stion of the Advis ory
Comm ittee and set up a panel of exper ts,
under the chairm anship of Profes sor
J. Van Mieghem, to act as a focal point
for these activi ties and to advise on all
aspect s of techni cal and scientific
meteorological trainin g. The propo sal
of the Advis ory Comm ittee for a WMO spons ored progra mme of visitin g scientists as a means of giving suppo rt to
intern ationa l resear ch institu tes was
also appro ved. Profes sor V. A. Bugae v
of U.S.S .R. was nomin ated to fill the
vacan t seat on the Advis ory Comm ittee
caused by the death of Dr. P. K
Evsee v.
The Execu tive Comm ittee consid ered
the report s of the secon d session of the
Commission for Hydro meteo rology

(CHy) and of the fourth sessions of the
Commission for Maritim e Meteorology
(CMM) and Regiona l Association VI
(Europe). As the present WMO Technical Regulations do not contain any
material dealing with hydrom eteorology, the second session of CHy had
drafted some proposa ls. The Committee decided that these should be
circulate d to Members for urgent
study and commen ts before being
reviewed at its eighteen th session.
The Committee endorse d a recomm endation made by CMM aimed at the
establish ment by Members of a programme of radioson de observa tions
aboard mobile ships.
The Committee approve d the new
texts of the Technic al Regulat ions
dealing with procedu res for meteoro logical service to internat ional air
navigati on which were develop ed jointly by WMO and ICAO and subsequently approve d by the ICAO Council. It was decided that these texts
would come into force on ro March
rg66. The Commit tee also establish ed
a panel of experts for the purpose of
keeping under review the working
arrangem ents between ICAO and
WMO.

New Development Fund

A panel set up by the Commit tee
approve d, in rg64, a number of projects for impleme ntation under the
WMO New Develop ment Fund in rg65
(see Bulletin, Vol. XIV, No. r, p. 65).
The Committee approve d the funds
needed for the continu ation in rg66 of
these projects which include three
global surveys and studies for the
planning of World Weathe r Watch.
The Committee also gave further consideration to the use of the Fund taking
into account the report of the panel as
well as new projects submitt ed for
consideration. Since the total amount
required to meet the costs of all the

projects far exceede d the resources
availabl e, the Commit tee adopted certain criteria in making a selection of
projects . In consider ing the projects
under the category improve ment of
facilities, the Commit tee decided that
particul ar attentio n should be given to
projects of global interest. It was also
the opinion of the Commit tee that the
most urgent requirem ents were for
improve ments in telecom municat ions
arrange ments in various parts of the
world. The Commit tee decided to
allocate funds for assistan ce to Afghanistan, Ghana, Indones ia and Upper
Volta in respect of projects in this.
field. Two new projects in educatio n
and training were approve d, one for
the provisio n of training equipme nt
for the Faculty of Natural Sciences,
Univers ity of Buenos Aires, and the
other for a conference of personn el
engaged in meteoro logical training .
A further sum was also set apart for
fellowships and for two other projects
recomm ended by the Advisor y Committee : the publicat ion of a problem
workboo k for meteorological training
and the internat ional visiting programme .
Technica l co-operation

In its review of the technica l assistance activitie s of WMO, the Executi ve
Commit tee consider ed a report submitted by the Secretar y-Gener al on the
evaluati on of these activitie s during
rg63-1964. The Commit tee noted with
satisfac tion that nearly forty per cent
of the funds availabl e during this
period was spent on the training of
meteorological personn el in developing
countrie s. The program me of regional
projects under the Expand ed Programme of Technic al Assistan ce
(EPTA) for rg65-rg6 6 which was approved in rg64 was modified to include
a new project for a regional seminar in
Africa for national personn el in charge
of the training of Class Ill and Class
IV pers?nn el.
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Scienti fie discussions

Scientific discussions were held on
two subjects: Synoptic uses of meteorological satellite data and prospects for
the future and The use of radar measurements for the assessment of areal rainfall. Dr. S. Fritz (U.S.A.) and Dr.
I. P. Vetlov (U.R.S.S.) presented papers for the dis:ussion of the first subject. For the other, Dr. A. A. Chernikov (U.S.S.R.) presented a paper
prepared jointly by himself and Dr.
E. Kessler, m (U.S.A.). The subjects
chosen for the scientific discussions at
the eighteenth session of the Committee
were Special meteorological requirements for operation of supersonic aircraft and further studies in this connexion and Methods of tropical weather
analysis and prognosis including atmospheric circulation in the tropics.
Administratio n and finance

The budget estimates for rg66
amounting to US $z,r6g,g45 were
approved. The Committee also reviewed
the overall financial position of the
Organization during the present financial period (1964-1967) and concluded
that the existing financial provision
was inadequate to meet the outstanding responsibilities of the Organization ,
such as implementat ion of the publica-

tions programme and the introduction
of all Lour working languages at sessions of constituent bodies. The Committee therefore agreed that a supplementary estimate of expenditure
amounting to $r5o,ooo should be submitted to Members for approval by
postal ballot.
Other matters

The Executive Committee adopted
some texts for submission to Fifth
Congress (rg67) with a view to their
inclusion in the WMO General Regulations. It was decided that the theme
for the sixth World Meteorological
Day (rg66) should be the World
Weather Watch. The tenth IMO
Prize was awarded to Professor Sverre
Petterssen.
At the closing meeting warm tributes
were paid to Sir Graham Sutton whose
retirement in October rg65 from the
post of Director General of the British
Meteorological Office had been announced and who would not therefore
be attending future sessions of the
Committee.
The eighteenth session of the Executive Committee will open in Geneva
on z6 May rg66.

RECENT AND FORTHCO MING
WMO PUBLICA TIONS
Technical Notes

Price

No. 65 - A survey of human biometeorology (English) . . . . . • .

Sw. fr. 14.-

No. 66 - WMO-IUGG Symposium on research and development
aspects of long-range forecasting (English) . . • . . . . .

Sw. fr. 40.-

No. 67 - The present situation with regard to the application of
numerical methods for routine Weather prediction and
prospects for the future (English) . . . . . . . . . . . . .

Sw. fr. 6.-

Short-period averages for 1951-1960 and provisional average values for
CLIMA T TEMP and CLIMA T TEMP SHIP stations (English - French)

Sw. fr. 36.-

ON SALE FROM WMO, GENEVA, SWITZERLA ND
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UN SPECIAL FUND PROJECT IN INDIA
By D. R. ]oNES*
Introduction

Most of the Indian Government's
counterpart contribution of g8g,r64
U.S. dollars were to be utilized for the
requisite buildings, meteorological and
telecommunications equipment for
both the ITM and IMC, and the provision of some 45 professional meteorologists and 164 scientific assistants and
other support personnel with a specific
schedule of assignment over the course
of three years.

The establishment of the Institute of
Tropical Meteorology (ITM) at Poona,
India, came about in early rg63 as a
result of India's response to WMO's
interest in and encouragement of the
establishment of institutes of tropical
meteorology. Concurrent with this
development was the advent of the
International Indian Ocean Expedition
(IIOE), wherein the Government of
India agreed to establish an International Meteorological Centre (IMC)
at Bombay in support of the meteorology programme of the IIOE. Recognizing the many requirements incident to the establishment and operation
of both the ITM and IMC, the Government of India made a request to
the UN Special Fund for financial
support in May rg62. The plan of
operation for such support was prepared and approved by signatories of
the Special Fund, the WMO as executing agency, and the Government
of India on 20 August 1963.

Administrative,
operations
and
equipment space for the IMC was made
available on the compound of Colaba
Observatory, Bombay, which now houses a staff of 15 profe?sional meteorologists, 82 technical assistants and
other support personnel, 20 indigenous
IIOE support staff and three UN
experts. At Poona, some 120 miles
south-east of Bombay, the ITM is
housed temporarily in a building
next to the Poona Meteorological
Office where four major units of the
India Meteorological Department are
located. The ITM now has a staff of
15 professional meteorologists, 46 scientific assistants and 24 other support
personnel. It is planned for the ITM
to be relocated permanently in late
rg66 on a 45-acre site recently acquired
near Poona and adjacent to the
National Chemical Laboratory. Once
the requisite buildings and quarters
are completed the IBM r62o computer
and other UN Special Fund equipment,
plus the massive IIOE data collection
now being assembled at the IMC, will
be transferred to the ITM.

A grant of 873,500 dollars was
sanctioned by the UN Special Fund to
assist in carrying out the mission and
specific tasks of the ITM and IMC.
The bulk of this contribution was the
provision for an IBM 1620 computer
and the assignment of seven UN
experts. Importantly, the grant also
provided for seven UN fellowships.
The duration of the project was stipulated as three years, with higher priority
for assignment of equipment and UN
and Indian Government personnel to
the IMC during the course of its operation incident to the support of the
IIOE meteorology programme.

In accordance with the plan of
operation, the UN Special Fund Project in India commenced with the

* Mr. D. R. ]ones servP-d as chief of the WMO/Special Fund Mission in India from October
rg63 until June rg65.
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arrival at the IMC in Bombay of the
chief of the WMO/Special Fund Mission,
Mr. D. R. Jones (U.S.), on 3 October
rg63. In collaboration with Dr. P. R.
Pisharoty, director of the ITM, and
Mr. C. R. V. Raman, director of the
IMC, implementation of the plan of
operation was initiated. Also, collaboration was effected with the U.S. IIOE
Mission stationed at the IMC, under
the direction of Dr. C. S. Ramage,
scientific director for meteorology for
the IIOE. The research goals, the
weather analysis programmes and the
data collection and processing procedures incident to the IIOE meteorology programme were finalized and
agreed upon.
Of the remaining six UN experts
provided for by the plan of operation,
two positions have been filled. Mr. E.
Hovmoller (Sweden), climatologist,
took up his duties at the IMC in July
rg64 and Mr. F. P. W. Ho (U.K.),
computer expert, commenced his work
with the project in February rg65.
Mr. C. M. Dixit, a senior meteorologist
at the ITM and formerly with IMC,
was the first nominee for a UN fellowship, and commenced his studies on
machine methods in meteorology in
the U.S. in April rg65. The other six
fellows have been nominated recently.
At the conclusion of the second year
of the project, most of the goals set
forth in the plan of operation have been
achieved. That the multifarious and
demanding work requirements have
been satisfied effectively can be attributed to a full-scale working level of
international co-operation in meteorology, and to the India Meteorological
Department in providing the high
calibre meteorologists and technical
support personnel, all of whom have
been unstinting in their efforts to make
this venture a success.
IMC-IIOE data operations

The primary goal of the IIOE
meteorology programme was to gain

a better general understanding of the
atmospheric circulation over the Indian
Ocean region, an area not well known
meteorologically, and in particular to
assess the role of the monsoons in the
general circulation. To accomplish
this goal it was deemed necessary
first to institute a massive data collection and processing programme, garnering all possible conventional meteorological data from the Indian Ocean
and peripheral continental areas during
the two-year IIOE period of rg63 and
rg64, and submitting them initially to
synoptic analyses and subsequently
to research analyses. These conventional data (augmented by special
observations from IIOE oceanographic research ships, weather reconnaissance aircraft, rockets, weather
satellites, and instrumented buoys for
selected periods and weather situations) appropriately processed for distribution and ready assimilation for
research purposes, would provide the
platform, as it were, from which could
be launched the requisite studies and
investigations by interested meteorologists everywhere. Thus the IMC
became the instrument to execute this
plan, backed up by the resources of the
India Meteorological Department, the
U.S.jiiOE Mission and the UN Special
Fund project.
IMC operations commenced in earnest early in January rg63 with the
initial government stafiing of the IMC
together with the active participation
by Dr. C. S. Ramage and his staff of
three American tropical meteorologists
supported by U.S. communication s
and electronics experts. A communications centre was set up and training
programmes in streamline analyses
and other aspects of modern tropical
meteorology were instituted. The heart
of the many diverse operations of
the IMC was the analysis programme.
oo GMT and 12 GMT streamline
analyses of seven standard levels from
the surface to roo mb were initiated for
the area bounded by 2ooE to rsooE
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Data being plotted on Indian Ocean charts by the
IMC charting nnit

Analysis of charts over light
tables

An Indian member of IMC
gridding a satellite picture
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and a duplicate deck sent to the University of Hawaii. All the foregoing
analysis, data collection and processing
programmes being undertaken at the
IMC since early January rg63 have
been progressing well and are scheduled
to be completed in early rg66.

and 45°S to 45°N. The IMC radio
communications centre was particularly effective in obtaining surface
ship reports in the Indian Ocean and
in the receipt of synoptic weather
broadcasts from the southern hemisphere. Inasmuch as only about 50 per
cent of the available data from the
region under analysis were received
synoptically at the IMC, manuscript
copies of broadcasts from various of the
IIOE countries, including ship and aircraft reports, were mailed to the IMC.
These data are being both microfilmed
and plotted on the master chart series.
This two-year file of some rr,ooo
charts is being duplicated by ozalid;
the master file will eventually be
transferred to the ITM at Poona,
and the duplicated file sent to the
University of Hawaii for continued
IIOE investigational work and the
preparation of IIOE climatic atlases.
UN Special Fund equipment is being
used for this purpose as well as in the
microfilming of the entire two-year
streamline analysis file.

Research programmes at the IMC
The first major project undertaken
at the IMC was the construction of
streamline analyses of monthly mean
resultant winds for the standard pressure levels over the Indian Ocean and
adjoining continental areas. This was a
basic but important effort in that it
not only provided guidelines for the
synoptic daily analyses at the IMC,
but revealed a number of major and
significant circulation features that
had not been recognized hitherto. A
truly significant outcome from the mean
charts was the discovery of the existence of a dual hemispheric trough across
the Indian Ocean in all months of the
year. As the daily analyses programmes
were executed through 1963 and again
into 1964, the dual hemispheric trough
was substantiated as a major feature
of the general circulation. With the extremely valuable data supplied by the
U.S. weather reconnaissance aircraft on
several occasions during the IIOE
period, it was further recognized that
the mid-troposphere was the predominant factor controlling the intensity
of the monsoon. In this regard a dual
cell structure over India in the mansoon trough was revealed, one of these
cells being a cold core one and almost
exclusively mid-tropospheric. As various research efforts evolved, undertaken by the U.S. IIOE meteorologists, the Indian meteorologists at
the IMC and the UN experts, a number
of contributions resulted. Illustrating
the magnitude and diversity of these
various research programmes, the following list of papers which have been
completed, and many of which have
been published and/or presented at

A major data processing project has
been that involving the use of the
IBM r6zo computer since January
1964. Surface ship data, totalling
about J,ooo reports a month (including
valuable surface and aerological data
from IIOE oceanographic research
vessels on cruises in the Indian Ocean)
and some rso radiosonde and 300 pilot
balloon and rawin soundings twice
daily are transferred to punch-cards
at the IMC. In addition, surface data
from Indian Ocean island stations and
data from aircraft flying over ocean
routes are punched, the latter totalling
some so,ooo reports for a five-year
period, rg6o-rg64. These data are
then processed through the IMB r62o
computer, checked for errors, corrected
and repunched to produce a master
deck of punch-card data for the twoyear period. The master deck will be
transferred to the ITM at the conclusion of IMC operations in March rg66
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scientific meetings and seminars both
in India and in the U.S., is noted:
Analyses of monthly mean resultant winds
for standard pressure levels over the Indian
Ocean and adjoining continental areas.

Some broadscale features of the general circulation over the tropics from 30°W to
r3ooW (across Africa, Asia, Indian Ocean
and Pacific).
Some features of near equatorial circulation
in Indian Ocean area during the transition
months.
On the onset of south-west monsoon rains
over extreme south peninsular India.
A TIROS study of southern hemisphere tropical
cyclone Hazel, March 1964.
Use of satellite weather information in low
latitude analysis at the International Meteorological Centre with particular reference
to near-equatoria l cloud distribution.

US electronics expert, Mr. R. A. Smith,
receiving a TIROS VIII picture on APT
Relation between weather, winds and pressures in low latitudes.
On interaction between the south-west mansoon current and the sea surface over the
Arabian Sea.
Synoptic oscillations of Arabian Sea anticyclone.
Monsoon definitions.
Interaction between lower and upper tropical
tropospheres.
The sea breeze at and near Bombay.
Some aspects of the tropical storms over
Bay of Bengal, October I963.
Electronic computer aids research on Indian
Ocean Expedition.
Some aspects of general circulation of lower
stratosphere over tropics between zooE and
I5o 0 E.
A note on possibility of clear air turbulence
in the region of mid-troposphe re.
Use of satellite weather information in service of high level aviation.
Some features of roo mb circulations over
South Asia during summer.
Energy exchange across air-sea interface.
Arabian Sea monsoon.
A kinematic and dynamical study of active
and weak monsoon conditions over India
during June and July 1964.

Microfilming of basic data
Cloud configurations over Indian monsoon
area as revealed by TIROS observations.
On some aspects of the tropical cyclone of
May 20-30, I963, over the Arabian Sea.
Structure of an Arabian Sea monsoon circulation system.
Upper tropospheric circulation over north
Indian Ocean and west Pacific during May
I963, and formation of tropical storms over
north Indian Ocean.
Some case studies of convective activity
over central India and adjoining peninsula
in pre-monsoon seasons.

Research programmes of the ITM
The ITM efiectively began to function from April rg63 when the Forecasting/Rese arch Division and the
Hydrometeo rology and Climatology
Division were formed with some basic
stafi. The build-up of scientific and
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technical support personnel was a
gradual one, deriving in part from the
fact that the staffing of the IMC
resulted in a heavy drain of India
Meteorological Department personnel.
The Division of Physical Meteorology
and Aerology and the Division of
Instruments and Observational Techniques were established in April rg65.
The remaining three Divisions of
Radio Meteorology, Advanced Training,
and Library and Publications will be
established during rg66.
Twelve
technical papers were completed and
given limited distribution in July rg64.
The titles of these papers are as follows:
Subtropical jetstreams and thunderstorms.
Mesa-scale study of rainfall over Poona and
neighbourhood.
Monsoon pulses.
Information of atmospheric turbulence required for aircraft performance.
Mountain waves and Western Ghats.
Ocean waves.
Upper air meteorology of supersonic flights
over South Asia.
Heavy rain spells during the strong monsoon
of ·rg6r.
A study of the rg6r flood in the Cauvery
Catchment.
Radioisotope technique for the measurement
of river bed variations.
Floods due to storm surges associated with
cyclonic storms.
A rainfall study in association with storm and
depression.

Since that time a number of other
research papers have been completed.
Some of these have been presented at
various seminars and scientific meetings
and others are being published or will
be given pre-published distribution.
The titles of these papers are as follows :
Energy from the sun in Rajasthan.
vVet spells in Rajasthan.
Climatic environment and its fluctuations in
Rajasthan.
Is the Indian Desert a continuation of the
Sahara Desert ?
Evaporation over the Arabian Sea.
Numerical weather prediction model for the
tropics.
Storm surge of the Tanjore cyclone (November 1955).
222

The Coach Behar-Assam tornado of rg
April rg63.
A practical meLhocl of estimating winds at
6o m above an aerodrome near a city.
Western Ghats orography and monsoon rainfall distribution.
An objective method of forecasting areas of
precipitation over N.W. India in association
with western disturbances during winter.
Forecasting heavy rainfall over Bombay.
Application of transient theory for the response of anemometers.
A theoretical study of mountain waves
caused by vVestern Ghats.
A study of the 5-day mean rainfall anomaly
over the west coast of India during July,
vis-a-vis contemporaneous 700 mb contour
anomaly.
A similar study for Gujarat, Saurashtra and
Kutch.

Eyes on the Equator

The relatively recent emphasis and
interest in tropical meteorology by
many nations presage a major landmark in discoveries about the general
circulation of the atmosphere enveloping the planet Earth. The advent of
the TIROS weather satellite has served
to reveal some of the secrets in the
atmosphere about the earth's middle,
as the eyes of the satellite camera have
looked at the tropical regions, almost
half of the earth's surface, whence
only 20 per cent of the total daily
aerological observations on Earth are
taken. Thus, meteorology's observational platform in space has awakened
a somewhat dormant interest in tropical meteorology and has in effect
spearheaded an intensive drive of
scientific investigations of the tropical
atmosphere. Conventional data limitations notwithstanding, the feasibility
of global tropical analysis was aptly
illustrated by James C. Sadler in the
WMO Bulletin of April rg65 (Vol.
XIV, No. 2, p. ro2). The role to be
played by institutes of tropical meteorology and tropical analysis centres
must now be a leading one. The stage
is set, as it were, for the carrying out
of comprehensive and co-ordinated
analysis and forecast operations simul-

is now being schedu led to be established at Poona upon the termina tion
of the IMC at Bomba y in March rg66.
As the UN Special Fund project in
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FOURTH SESSION OF THE COMMISSION FOR AEROLOGY
time to time
At the invitati on of the Govern ment questio ns arising from
full text of the
The
s.
session
n
betwee
the
of
session
fourth
the
,
of Belgium
was reprodu ced in
Commission for Aerology (CAe) was preside ntial address
in
held in the Palais des Congres
Brussels from 6 to rg July 1965. In
welcoming the delegates and guests,
Mr. E. Jorion, represe ntative of the
Minister of Nation al Educat ion and
Culture, recalled that the first internationa l meteorological meeting had
been held in Brussels in 1853. Profess or
J. Van Mieghem, directo r of the Royal
Meteorological Institut e, expressed his
pleasure that Belgium was able to act
as host to the commission and welcomed all his colleag ues, from other
countries. He briefly outline d the
history of the institut e and spoke also
of the pioneer charact er of the Commission for Aerology. Mr. D. A. Davies ,
Secreta ry-Gen eral of WMO, was delighted to meet so many ·delega tes Receptio n at the Castle of Laeken during the
nd,
known previou sly only through corre- fourth session of CAe. In the foregrouwith
Professo r J. Van Mieghem
spondence. He stressed the role of left to right:
Their Majestie s the King and Queen of the
meteorology in linking scientis ts of all
Belgians (Omnia photos, Brussels )
nationa lities and wished the session
every success. Dr. G. P. Cressman,
Bulletin (Vol. XIV,
in his preside ntial address , outline d the July issue of the
150).
p.
3,
No.
commis
the
by
d
the work achieve
sion betwee n sessions and suggest ed
There were 73 particip ants at the
that a bureau of the commission be
includi ng represe ntative s from
session,
urgent
the
to
establis hed to react
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35 countries and 4 internation al organizations. The delegates divided into
two working committee s under the
chairmansh ip of Dr. J. F. Gabites
(New Zealand) and Mr. J. S. Sawyer
(U.K.).
Numerical weather prediction

The commission examined with great
interest the report of the Joint CAe/
CSM Working Group on Numerical
Weather Prediction and particularl y
welcomed the recent publicatio n of
WMO Technical Note No. 67 entitled
The present situation with regard to the
application of numerical methods for
routine weather prediction and prospects
for the future. The delegates re-established the working group under the
continuing chairmans hip of Dr. B. R.
Doos (Sweden). One of the new terms
of reference of this group is to recommend what action is required to stimulate research into the application
of numerical methods of prediction to
smaller scale systems than are treated
at present.
Clouds and hydrometeors

The work of the Working Group on
Clouds and Hydromete ors was noted
with appreciatio n. Of particular interest was a document entitled Artificial
increase of rainfall which was considered
to be an up-to-date statement of the
development of this subject. Under this
item, the scientists also discussed the
question of differences between mist
and fog and concluded that they were
one and the same hydromete or.
Atmospheric pollution and atmospheric
chemistry

At the previous session a Working
Group on Atmospher ic Chemistry had
been formed, but no mention was
made of the related field of atmospher ic
pollution. Considerable interest in the
meteorological aspects of air pollution
was expressed at the fourth session
and a new working group was formed
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to study the meteorolog ical aspects of
both atmospher ic pollution and atmospheric chemistry. Dr. F. H. Schmidt
(Netherlands) was appointed chairman.
Definition of conventional tropopause

The report of the working group on
this subject contained an analysis of
the results of the trials of an alternative
definition of convention al tropopause
carried out by Members. The commission agreed with the group that the
alternative definition did not result in
sufficient improvem ent to merit adoption. The present definition of the
convention al tropopause will therefore
remain valid.
Data for research

Under this broad general item, many
facets of the data requireme nts for
research workers were considered. The
recommen dations made by the scientists attending the WMO/IUG G Symposium on Meteorological Data Processing (see p. 235) resulted in the
formation of a working group to consider the problems involved in the
processing and exchange of meteorological data for research. Recognizing
the close interest of the Commission
for Climatolog y in this matter, an
invitation was extended to them to
co-operate with this working group.
The working group, under the chairmanship of Professor J. Van !sacker
(Belgium), will be able to assist with
the planning of the relevant aspects
of the World Weather Watch.
Accuracy requireme nts in aerological
soundings will receive the attention of
another CAe working group to be
chaired by Mr. C. Hawson (U. K.).
The commission also considered the
publication of aerological data for the
southern hemispher e and proposed
that these data be published centrally.
The delegates expressed satisfactio n
with the world-wide publicatio n of

ozone data and radiatio n data by the
governm ents of Canada and the
U.S.S.R. respectively. A working group
was formed to determi ne what atmospheric electrici ty paramet ers have
more than local interest and should
therefore be collected and publishe d
centrally . Dr. L. Koenigsfeld (Belgium) is the chairma n of this working
group.
At the suggestion of the Executi ve
Committee, a Working Group on the

of Dr. D. Bouman (Netherl ands), to
provide guidanc e for the prepara tion
of further sets of tables.

Organization of meteorological research
activities
A brief sample of the way in which
research activitie s were organize d in
13 selected countrie s was presente d to
the commission. This informa tion was
received with great interest and the
Secretar y-Gener al was invited to secure

The opening meeting of the
fourth session of CAe, 6 July
rg65 (Omnia photos, Brussels)

Stratosp heric Warmin g Experim ent
was formed, with Dr. W. L. Godson
as chairma n. This group will advise
on the technica l aspects of the experiment, establish scientific objectives,
define desirable network s and consider
the best way to dissemin ate the results
of the stratosp heric warming experiment.
Interest in tropical meteoro logy led
to the establish ment of a working
group whose tasks include advising
on methods of obtainin g more data,
primaril y for research purposes, from
ships and aircraft. This group will
also provide advice on tropical analysis techniques.
The commission noted with appreciation the report of the Working
Group on Internat ional Meteorological
Tables and also the work of the editor,
Dr. S. Letestu. It reconsti tuted the
same group, under the chairma nship

the same informa tion from all other
countrie s and distribu te the results to
Members.

Working groups and rapporteurs
The commission followed the proposal of the presiden t and institute d
an Executi ve Working Group which is
compose d of the presiden t and vicepresiden t of the commission and another three member s to be selected by
the presiden t. These three member s
need not be the same persons during
the whole period between sessions.
In addition to monitor ing the progress of the working groups, the
Executi ve Workin g Group will be
availabl e to consider such things as
providin g guidanc e on urgent internationa l program mes and World
Weathe r Watch planning .
In some areas of the commission's
domain working groups were not deemed necessary. To monitor the activitie s
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in the fields of atmospheric ozone,
meteorology of the high atmosphere,
atmospheric radiation and boundary
layer effects, the commission proposed
the appointment of four rapporteurs :
Dr. H. U. Dutsch (Switzerland), Dr.
W. Kellogg (U.S.A.), Dr. F. Moller
(Federal Republic of Germany) and
Professor C. H. B. Priestley (Australia)
respectively.
S cienti fie lectures

To provide some diversion from
continuous concentration on agenda
items, seven lectures were given.
These were as follows : Numerical
simulation of the general circulation by
Dr. J. Smagorinsky ; Recent advances
in knowledge on the large-scale transfer
of ozone in the atmosphere by Dr. A.
Khrgian; The quasi-biennial and similar oscillations of the stratosphere by
Dr. W. L. Godson; Atmospheric synoptic features over the west African region
by Dr. G. 0. P. Obasi; Determination
of atmospheric mass structure from
satellite based measurements by Dr. J.
Stackpole ; Circulation in the mesasphere and upper stratosphere by Dr.

R. J. Murgatroyd ; Radiation and aerology by Dr. F. Moller.
Election of officers
Dr. ]. F. Gabites (New Zealand) was
elected the new president of CAe and
Mr. ]. S. Sawyer (U.K.) was re-elected
vice-president.
Conclusion of the sesswn
Efficient direction by the president,
Dr. G. Cressman, enabled the session
to finish all of its work one day earlier
than originally planned. At the final
meeting, Dr. K. Langlo announced the
promotion of Dr. Cressman to the post
of acting director of the United States
Weather Bureau. Professor Van Mieghem, Dr. D. P. Mclntyre, Dr. G. I.
Golyshev and Professor P. Defrise all
expressed satisfaction with the results
of the session and thanked everyone
concerned for their assistance.

Finally, in closing the session, Dr.
Cressman expressed his appreciation
for the work of the chairmen of the
working groups, the Belgian hosts and
the local secretariat.
G.W.K.

Technical co-operation
PREPARATION OF THE
1967-1968 PROGRAMME

The first steps have recently been
taken for the preparation of the
programme of technical assistance activities for rg67-rg68. Permanent representatives of countries interested in
receiving technical assistance have
been invited to give preliminary notice
of their requirements to the SecretaryGeneral. In December rg65 the executive chairman of the Technical
Assistance Board of the United Nations will communicate to each recipient government its country target
(the maximum amount available to

each individual country for technical
assistance to be received iri rg67-rg68
from the eleven organizations which
participate in the EPTA). Governments will then have a period of nearly
half a year to decide which priorities
they wish to give to projects in the
different fields in which the participating organizations are offering assistance. During this programming period
it is very important that directors of
meteorological services who wish to
receive assistance do everything possible to convince the co-ordinating
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autho rity of their own gover nmen t
that projec ts in the field of meteo rology
should be includ ed in the official consolida ted reques t which each gover nment has to submi t to New York in
May rg66. The WMO Secre tariat will,
by correspondence and by person al
visits, assist direct ors of meteo ro-

surve y of meteorological teleco mmunicati ons arrang ement s in Africa.
Semin ar on aeronautical meteorology
in Latin Ameri ca
At the kind invita tion of the Government of Costa Rica a semin ar on aero-

Costa Rica : Discus sing arrangem ents for the semina r
on aerona utical meteor ology in Latin Americ a. Left
to right :Mr. E. Coen, Mr. A.
Gutierr ez, Ministe r of Agriculture , and Mr. M. Ballest er

logical services to obtain inclusion
of their projec ts in the rg67-r g68 programme.
EXPANDED PROGRAMME
OF TECHNICAL ASSISTANCE

REGIONAL PROJECTS IN rg65 OR rg66
Technical conference on meteorological
telecommunications
A techni cal conference on meteo rological teleco mmun icatio ns in Region I
will be held in Tunis , Tunis ia, from
r to r:z Novem ber rg65. Telecommunicatio n arrang ement s for the collection, distrib ution and excha nge of
basic meteorological inform ation within Region I and with neighb ouring
regions will be discussed, taking into
accou nt the recom menda tions made
by the WMO region al teleco mmun ications exper t who in rg63jr g64 made a

nautic al meteo rology in Latin Ameri ca
will be held in San Jose from :zg N ovember to r8 Decem ber, rg65.
The semin ar will give traini ng in the
techni ques of aeron autica l meteorology,
in the form of a series of lectur es and
practi cal courses. Mr. E. Coen, acting
presid ent of RA IV and perma nent
repres entati ve of Costa Rica with
WMO, has been invite d to act as honor ary presid ent for this semin ar and
Mr. G. E. Dunn , of the Natio nal Hurri cane Center, Miami, has been appoi nted
director.
Fourth hydrological semin ar in Bangk ok
The fourth joint WMO jECA FE hydrological semin ar will be held for a
period of about two weeks in Bangk ok
in April rg66. The subjec t is The
assessment of the magni tude and frequency of flood flows.
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RECENTL Y COMPLET ED MISSIONS

Burundi
Mr. A. Foissy (France) was, as
reported earlier (see Bulletin, Vol. XIV,
No. 2, p. 122), on mission in Burundi ;
this mission was tragically cut short by
his death on 29 May rg65 (see Obituary
p. 255). Mr. Foissy had begun the
gradual organizat ion of a national
meteorological service, taken part in
the training of personne l and advised
the governme nt in many fields related
to meteorology, in particula r on the
preparati on of a five-year economic
and social developm ent plan.

With the accident in which this
excellent expert lost his life, the project
so successfully begun has received a
severe set-back.
Guinea
Mr. R. Vasic (Yugoslavia) complete d
in June 1965 a three-yea r mission in
the Republic of Guinea as expert in
aerology. His tasks included the
installatio n of the radiosond e station
at Conakry, organizat ion of the aerological network and training of key
personnel in aerology.

1965. The purpose of this 111ission
was to assist the Iranian Meteorological Depart111ent in organizin g and
conductin g postgrad uate courses in
111eteorology for graduate s in 111athe111atics and physics desirous of becollling 111eteorological forecasters. The
syllabus for the course was- prepared
by Mr. Gordon in accordan ce with
WMO Technica l Note No. 50 The problem of the professional training
of meteorological personnel of all grades
in the less developed countries, prepared
by Professor J. Van Mieghe111. The
course was carried out with the active
co-operat ion and participa tion of the
Universi ty of Tehran. The theoretic al
lectures and the practical work in the
statistica l laborator y were given on the
Universi ty campus. For convenience
of acco1111110dation and equipme nt the
practical work in synoptic analysis
and weather forecastin g and in research
was given at the Meteorological Department, either in the headquar ters building or at Mehraba d airport. Sixteen
students successfully co111pleted the
two years' training course and were
awarded a diplo111a equivalen t to
M. Se. by the Universi ty of Tehran.

He gave an eight-mo nth course in
radiosounding to thirteen Guinean
technicians. The radiosond e station
was installed at the beginning of 1965
and regular observati ons began on
r February . Mr. Vasic also re-equipp ed
the PILOT stations and gave instruction to the staff. Further activities
included the preparati on of orders for
equip1nent necessary for the llleteorological stations, an electronic laboratory and a meteorological instru111ent
laboratory,. the 111eteorological translllissions centre and PILOT stations.
With the chief of the Meteorological
Service a seven-ye ar plan for the
re-organization of the Service was developed and is now being i111plemented.

NEW EXPERT MISSIONS

Iran
Mr. A. H. Gordon (U.K.) complete d
a 28 111on ths' 111ission in Iran in June

Algeria - Mr. P. Corfa (France).
Organiza tion of the Meteorological
Service with e111phasis on the fields
228

In addition to his 111ain task, Mr.
Gordon assisted in developin g plans
for the establish111ent of a forecasting
division within the Iranian Meteorological Departm ent.
Ivory Coast, Niger and Senegal

Mr. C. Bleuse (France) spent April
1965 in Niger, May in the Ivory Coast
and June in Senegal. During this
three-111onth mission he installed facsimile receiving equip111ent at Nia111ey,
Abidjan and Dakar and instructe d the
personne l of the 111eteorological services
of the three countries in its use.

of aeron autica l
meteorology.

and

climatological

R. J. F. Ande rsson
(South Africa). Organ izatio n of the
Meteorological Service.

Bechuanaland~Mr.

Mr. B. Dobri lovic (Yugoslavia). Deve lopme nt of a Climatology
Section.
Guinea~

NEW PROJE CTS

Brazi l
A reque st for a pilot meteorological
devel opme nt proje ct in north -east Brazil has been subm itted to the Speci al
Fund by the Gove rnme nt of Brazil.
To assist the gover nmen t in the submission of the reque st in final form, a

Mr. C. C. Reyes (Philippines).
Meteorological traini ng at the WMO
Regional Train ing Centr e in Nairobi.

Kenya~

Korea ~ Dr. Y. Daigo and Mr. K.
Yama naka (both of Japan ). Development of agrometeorological activities.
Mr. J. T. Tonn esen (Norway).
Meteorological forecasting.

Libya~

Mr. A. R. Berry (Canada).
Plann ing, organ izatio n and opera tion
of a natio nal meteorological telecommunic ations netwo rk.

Pakistan~

FELLO WSHIP S

Since the last issue of the WMO
Bulletin ten fellowships in vario us fields
have been award ed to nation als of seven
countries.
SPECIAL FUND ACTIVITIES

Congo (Democratic Repub lic)
The comm encem ent of opera tions
under the proje ct for the Meteorological Train ing Centre in Leopoldville was
autho rized as from 24 May 1965. The
proje ct mana ger, Mr. G. Le Flohi c
(France), was appoi nted in Marc h 1965.
All the other exper ts provi ded for in
the plan of opera tion were appoi nted
earlier. These includ e Messrs. M. Berruex (Switzerland), J. de Brion es
(Spain) and R. Darte velle (Belgium).
Two prepa ratory courses, one for 15
forecasters and the other for 17 observers, were comp leted by July 1965.

Guinea : Install ation of a meteo rologi cal
station

prepa ratory assist ance mission was
carrie d out by Mr. J. F. Balla rd
(U.S.A.), who visite d different parts
of the count ry in May- June 1965.
The proje ct is inten ded to provi de an
appra isal of meteo rolog ical factor s connecte d with the devel opme nt of the
area, partic ularly with regar d to agricultu re and natur al resources ; relate d
requi remen ts for tropic al meteo rolog y
resea rch are also included.
Central Amer ica
A joint reque st for the expan sion and
impro veme nt of hydro meteo rolog ical
and hydro logica l services in the Centr al
Amer ican isthm us has been subm itted
to the Special Fund by the Governments of Costa Rica, Guate mala, El
Salva dor, Hond uras, Nicar agua and
Panam a. To assist the gover nmen ts
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VACANCIES IN WMO TECHNICAL CO-OPERATION PROGRAMMES
Country

Title of post

Albania

Hydrometeo rologist

Argentina

Burundi
Cameroon

Date of
commencement

To be determined (I966)
Expert in atmospheric
To be deterozone
mined (r966)
Expert in satellite
To be determeteorology
mined (Ig66)
Expert in meteorologi cal As soon as
organization and training possible
Agrometeor ologist
Beginning of

Duration
I

month

Language
needed
French

4 months

Spanish

4 months

Spanish

I2

months

French

3 months

French

As soon as
possible

24 months

English

As soon as
possible
Second half of

I2

Ig66

China

Congo, Democratic Republic
Dahomey

EACSO+
Honduras
(Regional-Ce ntral America)
India
Jordan
Niger
Nigeria
Pakistan
Poland
Romania
Sierra Leone
Syrian Arab
Republic
Thailand
Tunisia

Project Manager (SF)
(Radar meteorology and
research in typhoons
and hurricanes)
Professor of Meteorology
at Lovanium University
Expert in meteorologi cal
telecommun ications
Agrometeor ologist
Director, East African
Meteorologi cal Dept.
Instructor in radiosonde
techniques

I966
I January Ig66
I January I966

months* French

z months

French

I2

months
months

French
English

I2

months

Spanish

As soon as
I2 months
possible
Hydrometeo rologist
I January Ig66 I2 months
Expert in meteorologi cal Beginning of
2 months
telecommun ications
I966
Electronics technician
J an nary I 966
I2 months
Expert in meteorologi cal As soon as
I2 months
instruments
possible
Expert in meteorologi cal To be deter4 months
instruments
mined (I966)
Radar meteorologi st
To be deter4 months
mined (I966)
Forecaster
I April I966
9 months
Agrometeor ologist
I January I966 I2 months

English

To be
determined

I2

Climatologis t (SF)

Expert in meteorologi cal As soon as
instruments (SF)
possible
Hydrometeo rologist
Beginning of

English
French
English
English
English
French
English
English

9 months

English

3 months

French

I966

United Arab
Republic
Upper Volta
SF

+

Expert in dynamic
micrometeor ology (SF)
Agrometeor ologist (SF)
Expert in solar energy

August I966

I2

January I966
During I966

I2 months* English
3 months
French

months* English

= Special Fund project
* Possibility of extension
EACSO =East African Common Services Organizatio n (Kenya, Tanzania, Uganda)

Further information may be obtained from the Secretary-General, WMO, Geneva.
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in formula tion of the request, a preparatory assistance mission was carried
out by Mr. M. Balleste r, of the WMO

of a radar set which, togethe r with the
radar and telemete ring rainfall stations
to be provide d by the Special Fund,

Colombia :Mr. W. Pannenbecker (le jt), technical assistance expert, in the main
meteorolo gical office of Eldorado Internati onal Airport, Bogota ( Foto Tee,
Bogota)

Secretar iat, who paid visits to the six
countries concerned in May rg65.

will form the main source of data for
the project.

This project will serve as a preinvestm ent survey for water resources
and will be the first project joining
six countrie s in common enterpri se.
It will make a substan tial contribu tion
to the existing general program me
for the economic integrat ion of Central
America.

TECHNIC AL ASSISTANCE
IN PUBLIC ADMINIS TRATION (OPEX)

China
At its session in June rg65 the
Governing Council of the Special Fund
approve d the pilot project for the
improve ment and expansio n of typhoon
and flood warning services in China.
The objectiv e of the project is to conduct research in typhoon behavio ur
and the characte ristics of the resulting
floods in order to develop techniqu es
and procedures for an effective storm
and flood warning system for Taiwan.
The counter part contribu tion of the
governm ent includes the provisio n

It may be recalled that the United
Nations General Assemb ly in rg63
approve d the provisio n of operatio nal
experts under the Expand ed Programme of Technic al Assistance as
an experim ental measure in rg64 and
rg65. From the beginnin g of rg65
all except three of the OPEX posts
in the meteoro logical field were given
up by the United Nations for inclusion
in the EPTA program mes of the
countrie s concerned. The three exceptions were those of director of the East
African Meteorological Departm ent,
deputy- director of the Meteorological
Service of Libya and deputy- director
of the Meteorological Service of Laos.
For the last mention ed post, which had
not been filled earlier, Mr. V. Marushenko (U.S.S.R.) was appoint ed; he
took up his duties in Laos in June

rg6s.
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NEW DEVELOPMENT FUND

The last issue of the Bulletin (Vol.
XIV, No. 3, page 174) contained a
review of the progress made in implementation of projects approved under
the WMO New Development Fund.
During its seventeenth session in May/
June 1965 the Executive Committee
approved funds for the continuation
of these projects in 1966; in one case
(improvement of telecommunication
facilities in Nairobi) an extension of the
project was envisaged. It also gave
approval to a number of new projects ;
most of them are of the nature of technical co-operation, and a brief description of them is given below.

Improvement of telecommunication facilities
One of the approved projects deals
with the provision of facsimile receiving
equipment for the Main Meteorological
Office of Accra in Ghana. The purpose
of another project is the establishment
of meteorological telecommunication
links in Afghanistan. Under a third
project 18 single side-band radio tele-

phone sets will be provided for Indonesia with a view to connecting 17
synoptic observing stations in Indonesia with the national collecting
centre in Djakarta. Lastly, a project
was approved to provide for the supply
and installation of facsimile receiving
equipment at the forecasting centre at
Ouagadougou in Upper Volta.

Education and training
In November 1964 two long-term
study fellowships were approved for
the Sudan, to be financed under the
New Development Fund. The Executive Committee, during its seventeenth
session, felt that there might be other
Members of WMO which had not yet
had the opportunity to submit such
projects and a certain amount was set
aside to allow for the implementation
of further study fellowships upon
request by interested Members. Some
further information on the decisions
of the Executive Committee is given
in the article on p. 213.
Technical studies have been initiated
with a view to implementing the above
projects as soon as possible.

DESIGN OF HYDROMETEOROLOGICAL NETWORKS
WMO/IASH SYMPOSIUM IN QUEBEC
As part of the International Hydrological Decade, a symposium on design
of hydrometeorological networks, organized jointly by the World Meteorological Organization and the International Association of Scientific Hydrology (lASH), was held at the invitation of the Government of Canada
at Laval University in Quebec City,
from 15 to 22 June 1965.
·
The symposium was attended by
187 participants from countries of
all continents and dealt with the basic
principles of network design and the
effects of new instrumentation in relation to observations and measurements
of precipitation, snow pack, stream232

flow and water-levels, groundwater,
sedimentation, soil moisture and evaporation. Consideration was also given
to special problems in developing
hydrometeorological networks in tropical, arid and mountainous regions.
Co-ordinated network planning and
collection, processing and publication
of data were also discussed.
The main subjects were introduced
by invited experts, whose keynote
papers had been distributed in advance. In addition, there was a large
number of technical papers on most
of the topics. Time was allowed for
discussion after each paper had been
presented.

Types of networks

that in using experien ce from other
countrie s care must be taken to make
compari sons with those areas where
conditio ns are analogo us to those in
the area under study.

It was pointed out that a distincti on
could generally be made - and should
be made - between three types of
hydrometeorological network s. Data
acquisition networks for general pur- Basic data requirements
poses - Data collected from this type
There was fairly general agreeme nt
of network will mainly be used some
to the kinds of basic data required
as
s
purpose
time in the future ; as all the
the method s for obtainin g them.
and
possible
not
is
it
foreseen
cannot be
suggeste d that more study of
was
It
to adopt a strictly scientific approac h
for collecting particul ar
reasons
the
eleAn
to network design of this kind.
a sounder basis for
ment of judgmen t will always be data will provide
design.
network
required. Water managem ent networks
- This kind of network is employe d
It was agreed that more knowled ge
for the collection of data immedia tely is required of the relation s between
required for the manage ment and oper- physica l paramet ers such as slope,
ation of hydraul ic projects , such as elevation, geology, and the hydrolo hydroelectric power plants, irrigatio n, gical and meteoro logical factors. Stadomestic and industri al water use, tions could then be located so as to
waste water disposal, fishing, timber produce the basic data required to
logging, flood protecti on, drainage and develop the more significa nt relations .
navigati on. Here the needs are known There was also unanimo us agreeme nt
and the network design is compara - that there is no uniform standar d of
tively easy from a theoreti cal point of density of network s which would be
view. Networks for experim ental pur- applicab le through out the world or
poses - These are specially designed even in a single country .
for specific research projects .
Particip ants consider ed that the
The concept of base and seconda ry develop ment of rational scientific argunetworks, as first propose d for stream- ments for network requirem ents would
gauging stations, has now been accept- be useful in presenti ng the case for
ed as applicable to all kinds of data network s to adminis trators.
collection networks, but particul arly
to the network s for general purposes.
The importa nce of appropr iate qualIt is understo od that the base stations ity control of data before processing
are to be maintai ned indefini tely but was stressed . Processi ng should folthe seconda ry stations just long enough low as closely as possible after the
(5-IS years) to establish a reasona bly collection of the basic data.
good correlati on to a base station.
It was also stressed that a pool of
After this correlati on has been satisfactorily established, the seconda ry trained hydrolo gists and technici ans
station should be disconti nued and the is essentia l for the operatio n of data
equipme nt moved to another location , collection network s and to obtain
in order to obtain maximu m informa - reliable observa tions. Training semition.
nars for develop ment of compete nt
technici ans is therefor e a requirem ent
ar
particul
a
for
for developing countrie s.
Design of a network
not
ation
consider
involves
country
Co-ordin ation of the activitie s of
only of the physical conditio ns but also
engaged in collecting hydroagencies
factors.
c
economi
of the cultural and
meteoro logical data was
and
logical
um
symposi
the
during
stressed
It was
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considered essential. Concentratio n of
all the activities in one central agency
would tend to improve efficiency but
might not always be feasible within
existing administrati ve frameworks.
Instrumentation
The field of instrumenta tion of
hydrometeor ological networks appeared
to be more advanced than the
design of networks, although there is
still possibility for improvemen t in
existing instruments and developmen t
of new types. There is also a need
for further improvemen t in reliability
and capability of instruments for
remote locations in tropical regions.
New instruments are affecting the
design of networks by extending our
capability for obtaining observations
at remote locations under difficult
climatic conditions. The new and more
advanced instruments may prove less
costly in the long run by reducing
overall cost of collection, processing
and publication.
The wide interest in precipitation
measuremen ts was shown by the large
number of papers presented. Particularly noteworthy were those describing some case studies carried out
in U.S.A. on areas with very dense networks of raingauges.
Some non-convent ional methods for
the measuremen t of snow pack were
described, such as telescopic readings
of the snow depth on staff gauges,
aerial inspection and stereophotog raphy evaluation of snow cover and
satellite observations , and the use of
isotope radiation absorption, neutron
diffusion, infra-red radiation absorption, change in capacity of electrodes,
circular membrane distortion, and pressure pillows for measuremen t of the
water equivalent of the snow pack.
It was expected that electronic computers would play an increasing role
in data processing. However, smaller
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countries which do not have access to
computer facilities should not postpone
the processing of their data on that
account.
Electronic computers are making
possible the developmen t of mathematical models for the synthesis of
data from basic observations . In
effect, the models extend the basic
networks. Research and improvemen t
in these techniques should be encouraged.
lVeed for research
It was generally agreed that research
leading to a better understandin g of the
physical laws governing all aspects of
the hydrological cycle should be encouraged and promoted. Success in this
field would greatly enhance the value
of existing data and would guide future
network planning, as well as research
into the relations between the meteorological and hydrological factors and
the physical parameters in drainage
basins. This research might point
the way to economies by segregating
the more important parameters and
it could also provide a more rational
basis for network planning. Consideration should also be given to the
publication of a case book containing
examples of networks in the various
kinds of geographical and climatic
zones throughout the world. These
examples would serve as a guide to
developing countries in designing their
own networks.

Conclusion
The symposium proceedings will
be published in due course by lASH
in collaboration with WMO. Hydrologists who were unfortunatel y not
able to attend the symposium will
therefore have an opportunity of
examining at leisure the many interesting papers, of which it has only
been possible to mention a few in this
brief account.
A. F.

METEOROLOGICAL DATA PROCESSING
WMO/IUGG SYMPOSIUM, BRUSSELS
Professor J. Van Mieghem, direct or
of the Roya l Belgian Meteorological
Instit ute at Uccle-Brussels, welcomed
the 50 scientists comin g from 20
countries to the joint WMO jiUG G
Symposium on Meteorological Data
Processing, which was held on 2, 3 and
5 July rg65. He remin ded the participan ts of the great intere st in this
impo rtant field and hoped that at the
end of the session some definite propo sals could be broug ht to the atten tion
of the fourth session of the Commission for Aerology. Dr. K. Langlo,
speaking on behal f of the Secre taryGeneral, thank ed the hosts for their
splen did arran geme nts and remin ded
the scient ists of the impa ct of this
subje ct on plann ing for the Worl d
Weat her Watc h. Quest ions concerning the types of data to be proce ssed
and archiv ed for the Regio nal and
World Meteorological Centres would
be especially releva nt. Dr. W. L.
Godson, speak ing on behal f of the eosponsor, IUGG, felt that it would be
necessary to define and specify the
linkage betwe en the senso r and the
scientist.

the requi remen ts would be re-ex amine d
in open discussion.

Lectures and discussions
Dr. K. Langl o, the chair man of the
first session, introd uced Mr. A. Frazier, who prese nted a paper descr ibing
an arran geme nt of data for dynam ical
studie s, co-au thore d by Profe ssor V.
Starr. The proce ssing syste m developed to perfo rm data handl ing and
comp utatio n on five years of north ern
hemis phere upper -air obser vation s was
outlin ed. Detai ls on the type, amou nt
and forma ts of the prepr ocess ed data
were given. Final ly, the requi remen ts
for devel oping an efficient syste m for
retrie val of all atmos pheri c data were
discussed. Acad emici an E. N. Blino va
then prese nted a paper entitl ed Observation on data to provide routine and
research work on hydrodynamical longrange weather prediction in which some
suggestions as to which data are neede d
imme diatel y in nume rical foreca sting
were considered. She also briefly proposed two types of nume rical experiment s conce rning the loss of stabil ity
of plane tary motio ns and the forma tion
of stable climates. Data requi remen ts
resea rch with some emph asis on
for
Dr. J. Smagorinsky, the chair man
atmos phere param eters were next
free
his
in
of the plann ing comm ittee,
nted by Profe ssor P. Shepp ard
introd uctor y remar ks, comp lained that prese
a special plea to meteo romade
some scientists think of meteo ro- who
es to make their data
servic
l
logica
a
only
logical data processing as
y availa ble to resear ch stude nts.
technological probl em; however, he readil
patin g the probl ems to be
antici
believed that it was the scien tist's In
over the next ten years
ntered
encou
the
duty to recognize the scope of
that priori ty shoul d be given to
problem and become more acqua inted he felt
ing areas : tropic al meteo rofollow
with the opera tional restri ctions in- the
air or sea(a ir intera ction ,
land/
logy,
presvolved. He felt that the scient ists
tion and upper atmos phere and
ent could best measu re their success on radia
sphere.
the last day of the symp osium when meso
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Aspects of processing radiati on data
received from satellit es were outline d
by Dr. V. G. Boldyr ev. Existi ng procedures in meteorological centre s were
also described. Dr. S. Fritz contin ued
the consid eration of this subjec t by
describing variou s metho ds of obtain ing satellit e data from the United
States and he then presen ted slides
illustra ting the uses of radiati on data.
Data require ments in the field of synoptic research was the next topic considered. Mr. ]. S. Sawye r presen ted interes ting illustra tions on the use of humid ity
charts which could be used in conjun ction with satelli te cloud photog raphs.
The next paper, read by Mr. F. Lewis,
had an interes ting title : Growing
pains in automation of climatological
data. Details of curren t experience in
handli ng masses of data autom aticall y
were outline d and new techni ques
using moder n compu ters with disc
storage were described. These are
being designed to handle more than
roo X ro9 charac ters.
Partic ipants
from smalle r countr ies were interes ted
to hear Dr. K. Cehak describe the use
of small compu ters in Austri a and
the particu lar data needs require d
by his countr y. Mr. M. Kwiza k spoke
on machine processing in Canad a and
considered future data require ments
in the light of Montr eal's status as
both a regional and nation al centre
in the World Weath er Watch planni ng.
Dr. T. Murak ami presen ted the
results of compu tations on the stratospheric warmi ng experi ment and
outline d the needs for atmosp heric
distrib utions of ozone, carbon dioxid e
and water vapou r when consid ering
data require ments for researc h in the
stratos phere.
The variou s advant ages and disadvantag es of punch- cards, paper tape,
magne tic tape, microfilm and microfiche were explain ed by Mr. ]. Bosen.
A Film Optica l Sensing Device for
Input to Compu ter (FOSDIC) now in
use by the United States Weath er
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Burea u was described. Finally he discussed new system s for perma nent
archiv ing using glass discs. Laser
techno logy will make possible writing
rates of go,ooo charac ters per second
and averag e retriev al rates of 15 millisecond s once the proper disc is found.
Proces sing radioso ndes was the topic of
Profes sor J. Van !sacke r's presen tation.
He describ ed progre ss in compu ter
progra mmes designed to recognize garbled messages. Proble ms create d by
using rgth centur y codes with zoth
centur y compu ters were consid ered in
the discussion which followed. Lt.
Colonel F. Miller next describ ed the
data processing system used during the
Indian Ocean Exped ition and gave
details on data availab ility, error rates
and coverage. Dr. W. L. Godso n
spoke of the dual functio ns of future
data centres , namel y archiv ing and
publish ing. He also deplor ed the
inaccu racies of high-level radios onde
data caused by lag and radiati on
errors.

Recommendations
On the second day a small draftin g
comm ittee was formed which presen ted
recom menda tions for the consid eration
of the fourth session of the Commission
for Aerology which immed iately followed the sympo sium. These draft recomm endati ons provid ed the substa nce
for the interes ting discussion which
followed. The comm ittee made three
recom menda tions. The first reaffirmed
the need for the establi shmen t of complete reposit ories at world data centre s ;
the second reaffirmed the need for more
data from ocean vessels and aircraf t ;
and the last recom mende d the establishme nt of a workin g group of the
Commission for Aerolo gy to provid e
expert opinio n on data require ments
for research, particu larly with respec t
to World Weath er Watch .
The proceedings of the sympo sium
will be publis hed in due course by the
WMO Secret ariat.
G.W.K .

COMMITTEE FOR SPACE RESEARCH
PLENARY MEETING AND SPACE SCIENCE SYMPOSIUM
The eighth plena ry meeti ng of the
ICSU Comm ittee for Space Resea rch
(COSPAR) was opene d by its presid ent,
Professor M. Roy, on I I May rg65, in
the Dag Hamm arskjO ld Audit orium
of the Provin cial Hotel in Mar del
Plata, Argen tina. More than 250 delegates of some 32 nation al scientific
institu tions and ro intern ationa l union s
attend ed the meetin g. WMO was
repres ented by the Assist ant Secret aryGeneral.
The activit ies of WMO and of the
nation al meteorological services were
explicitly menti oned as essent ial parts
of space research progra mmes in many
report s presen ted at the plena ry meetings and business sessions of worki ng
groups by repres entati ves of scientific
bodies of ICSU and nation al comm ittees
on space research. Rocke t sound ings
of the atmos phere, conve ntiona l observation s of solar radiat ion, and the use
of APT system and special equip ment
for obtain ing cloud inform ation and
tracin g tropic al cyclones and hurricanes by means of meteorological satellites were considered by many rapporteu rs at the COSP AR meetin g as
very impor tant contri bution s of the
meteorological services of some countries to the develo pment of atmos pheric
and space sciences.
Professor J. Kapla n, presid ent of
IUGG, made specific reference to the
existing co-op eratio n betwe en IUGG
and WMO and menti oned the successful joint meetin g of the ICSU jiUGG
Committee on Atmo spheri c Sciences
and the WMO Advis ory Comm ittee
in Febru ary rg65.
Among the proble ms discussed in the
business sessions of COSP AR working

groups, menti on shoul d be made of the
result s of the work of the Work ing
Group on the Intern ationa l Refere nce
Atmo sphere , memb ers of which have
made remar kable progress in tabula ting atmos pheric means for the layer
betwe en 30 and 300 km, as well as
compu ting variat ions of meteo rologi cal
param eters with latitu de and season
in the layer betwe en 30 and So km.
The group has also prepa red tables
giving variat ions of these param eters
with time and solar activi ty for the
120 to Boo km layer.
The possib ility was consid ered of
distrib uting launch ing annou nceme nts
of some types of satelli tes throug h meteorol ogical teleco mmun icatio n channels. Proble ms of rocke t sound ings in
the atmos phere and rocke t resear ch
techni ques were also discussed and
some positi ve decisions were obtain ed
by the IQSY Work ing Group .
A new Work ing Group for Scientific
Space Exper iment s conce rned with
Prope rties and Dynam ics of the Troposph ere and Strato spher e was create d
to replac e the Work ing Group on
Appli cation of Space Techn iques to
Atmo spheri c Circulation. The chairman of the new worki ng group is Dr.
M. Teppe r.
Space Science Sympo sium
The sixth intern ationa l space science
sympo sium starte d its work at Mar del
Plata on 14 May rg65. In his openin g
speech, the WMO repres entati ve gave
a short accou nt of the WMO contri bution to the atmos pheric and space
sciences and stress ed the unpre ceden ted
possibilities which Earth satelli tes
now give for provid ing invalu able
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information for research leading to a full
understanding of the general circulation of the atmosphere. The significance of developments in outer space
technology for the World Weather
Watch and the importance of collaboration between WMO and COSP AR,
the IUGG Committee on Atmospheric
Sciences and other scientific organizations were also mentioned.
A special part of the symposium was
devoted to the problems of the atmospheric circulation. The chairmen of

these sessions were Professor R. V.
Garcia and Dr. P. D. Thompson. More
than twenty reports were delivered by
scientists from seven countries. Most
of them contained new and unpublished
results of scientific investigations 'in
the field of atmospheric circulation and
are without doubt significant contributions to modern meteorology. The
publication of this important material
along with the other COSPAR documents is eagerly awaited by meteorologists.
P.D.A.

METEOROLOGICAL TELECOMMUNICATIONS IN SOUTH ASIA
AND ADJACENT AREAS
TECHNICAL CONFERENCE IN COLOMBO
The importance of meteorological
telecommunications has long been
recognized by countries in Asia. It was
with this thought in mind that the
third session of Regional Association
II proposed that a technical conference
on meteorological telecommunications
in South Asia and the adjacent areas
should be organized as a WMO regional
project· under the Expanded Programme of_ Technical Assistance
(EPTA). The conference was sch~uled
so that it would be able to examine
the results of an expert survey of the
facilities in the areas covered.
At the invitation of the Government
of Ceylon the conference was held
in the C.I.S.I.R. Building in Colombo
from 3 to I4 May rg65. Twenty-five
experts representing 14 countries and
3 international organizations attended
the session and took an active part in
the discussions.
The Hon. Dr. M.V.P. Peiris, Minister of Commerce and Trade, welcomed
the experts on behalf of his government
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and stressed the importance of meteorology for the economy of the countries in that part of the world, as well as
the need for international collaboration. Mr. L. A. D. I. Ekanayake, director of the Meteorological Department,
expressed his pleasure at seeing so
many experts participating in the
conference and underlined the role of
telecommunications in meteorology.
Mr. C. Ramaswamy (India) was elected
chairman of the conference and Mr.
G. S. Jayamaha vice-chairman.
Improvement of meteorological telecommunications

As the conference revealed, the
collection of meteorological reports at
territorial centres has been substantially improved in many countries in
Asia during the last year, either by
improvements to the general public
telecommunication system or by installing special facilities, such as SSB
radiotelephony sets for meteorological
purposes. The conference stressed the
paramount importance of a reliable

national collection system as a prerequisite to an efficient global or regional
meteorological telecommu nication exchange system.
The conference also gave attention
to the improveme nt of the present
regional telecommu nication arrangements. It was, in particular, emphasized that the installatio n of adequate RTT receiving equipment should

conference examined ways of improving the collection, exchange and distribution of basic meteorolog ical information in alpha-num eric form in
Asia and adjacent areas and came to
the conclusion that an integrated
point-to-p oint network of teleprinter
channels was the most satisfactor y
solution to the problem. It developed
a telecommu nication plan based on
the establishm ent of a number of pointto-point circuits instead of the present
system of territorial and sub-region al
broadcasts . However, the consensus
was that t_he hemispher e broadcasts
planned for Moscow, Tokyo and New
·Delhi should be continued for standby
and other purposes.
Regional facsimile plan

J."!!,.

When planning the meteorolog ical
facsimile system considerab le attention was also given to the problem of
the internation al distributio n of meteorological data by facsimile and to
the use of facsimile broadcasts made
outside Regions II and V. The need
for the reception of the facsimile
broadcasts made by New Delhi, Tokyo,
Dr. L. A. D. I. Ekanayake, director of the
Khabarovs k, Melbourne (Canberra),
technical conference in Colombo
Mo~cow and Tashkent in both Regions
II and V, or parts thereof, was stressed.
be accelerated, and suggestions for In addition to the above broadcasts ,
delineating the minimum areas of the need for some point-to-p oint facreception for each sub-region al broad- simile links was emphasize d and. their
cast were made. These improvem ents establishm ent suggested. The conwere classified as short-term measures ference also considered questions such
since it was thought that no •major as the co-ordinat ion of meteorolog ical
capital investmen ts by meteorological broadcasts and the training of meteservices would be required. The im- orological telecommu nication personportance of the early implement ation nel.
of the Bangkok and Tehran subregional broadcasts was therefore again
A visit to Nuwara Eliya and Kandy,
stressed.
combined with a journey through
Ceylon's countrysid e, made ·a memoday for all participan ts. Those
rable
Long-term planning
fortunate enough to attend the conThe problems of organizing a regional ference will certainly long remember the
telecommu nication network satisfying spontaneo us friendliness and hospitalthe needs of the World Weather Watch ity o~ their hosts.
. G.K.W.
were discussed at great length. The
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DYNAMICS OF LARGE-SCALE PROCESSES IN THE ATMOSPHERE
IAMAP/WMO SYMPOSIUM IN MOSCOW
The international symposium on the
dynamics of large-scale processes in the
atmosphere was opened on 23 June
rg65 at Moscow University by the
chairman of the International Commission on Dynamic Meteorology of
IAMAP, Professor A. Eliassen, in the
presence of Academician E. K. Fedorov, Vice-President of WMO. More
than 200 scientists from over 20 countries were present at the symposium,
which was a significant international
scientific conference devoted to the
problems of analysis of large-scale
processes and to weather forecasting.
About 50 scientific reports and communications were delivered. The authors represented very different organizations and scientific groups from
12 countries. The exchange of ideas
which took place at the meeting, as
well as the possibility of direct contact
between investigators representing different scientific schools and research
trends, were among the most important
results of this scientific conference.

scientific questions were also considered
such as the dynamics of formation and
the forecasti~g of cloud systems, and
the exchange of energy between zonal
flow and eddies. Several variants were
also presented of the approach to the
classical fundamental problems of meteorology, among them the reciprocal
influences between oceans, continents
and the atmosphere, and the link between micrometeorology and largescale dynamics.
Some interesting results of the scientific discussions are summarized below.
Three main aspects of the study of
large-scale processes in the atmosphere
were carefully considered with considerable success : (r) The general circulation of the Earth's atmosphere and
the causes of its variability ; (2) The
numerical methods of weather prediction, including different methods of
integrating the primitive meteorological equations as well as using the
statistical links between large-scale
atmospheric processes and weather
conditions ; (3) The application of
new methods of global meteorological
observations and experiments for the
study of physical processes in the
atmosphere and the mutual influences
between oceans, continents and the
atmosphere.

The programme itself was not only
wide but diverse; the reports given
covered all the complex problems of
modern meteorology which are connected with the theory of large-scale
processes and its application to weather
forecasting. Together with the study
of factors which are responsible for the
non-stability of the general circulation
of the atmosphere and with statistical
investigations of the large-scale processes, practical questions of numerical
weather prediction were discussed,
including the problem of the optimum
development of the observational network which is required for numerical
methods.

The development of numerical methods of weather prediction in many
countries is proceeding successfully
but mainly in the field of some traditional meteorological elements, such as
pressure, temperature, wind ; much
less progress is being achieved for precipitation and meteorological phenomena such as thunderstorms.

Some comparatively narrow but
vitally important and rather difficult

Special attention is now being given
by scientists to the question of inter240

action betwee n different layers of the
atmosp here and to the energy balanc e
of the atmosp here as a key proble m of
moder n meteorology and long-ra nge
forecasting.
The nature of some oscillations of
the atmosp heric circula tion - such as

the 26-mo nth cycle over the tropics
and the ultra-l ong waves during the
sudden stratos pheric warm ing- as well
as that of many other pheno mena is not
yet clear and should be the subjec t of
furthe r investi gation by meteor ologist s
in the years to come.
P.D.A .

Activities of the regional associations
AFRICA
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Activities of the technical commissions
AEROLOGY

The fourth session of the Commission for Aerology was held in Brussels
from 6 to I9 July I965. A summary of
the work of the session will be found
on page 223.
AERONAUTICAL METEOROLOGY

At its seventeent h session, the Executive Committee approved the revised
texts of Parts I, 2 and 3 of Chapter I2
-Meteorol ogical Service for International Air Navigation of the WMO
Technical Regulation s; these texts will
come into force on IO March I966, at
the same time as the correspond ing
ICAO texts (Annex 3 and PANS-ME T),
now approved by the ICAO Council.
The Executive Committee also studied the report of the working group on
aviation forecasting techniques (chairman : Mr. R. Schneider, Switzerland)
and agreed to the progressive publication of a handbook on aviation forecasting techniques and practices. This
will be in loose-leaf form so that it can
be compiled gradually and kept up to
date. In order to enable the working
group to assess the present level of
knowledge and to decide on the chapters on which drafting can start at
once, Members have been invited to
send to the Secretaria t their national
publication s on forecasting techniques
and practices available in one of the
four official languages of the Organization and not already circulated internationally. Certain Members will be
asked to undertake, on a voluntary
basis, the responsibil ity for the preparation of the various chapters of the
handbook. The working group has
been instructed to find out what part
each Member of the Organizati on is
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prepared to play in the drafting of the
handbook and to report to the next
session of the Executive Committee
with proposals on procedure for ensuring the coherence of the volume as a
whole. A meeting of the working group
is scheduled for 6 to I9 January I966
in Geneva.
As reported earlier (see Bulletin,
Vol. XIV, No. 2, p. I32), the president
of CAeM and Mr. A. H. Nagle have
been studying the comments received
from members of the commission on
the second draft of the Manual on
aerodrome meteorological office practices.
The president of CAeM has prepared a
list of amendmen ts to this second draft
and a vote is in progress in CAeM to
approve the draft thus amended for
publication . A revised draft of the
Manual on meteorological observing in
aircraft has also been submitted to the
members of the commission for comment. Results of an inquiry among
Members on the degree of accuracy
currently attainable in aerodrome
meteorological observatio ns have been
made known to the members of CAeM
and to the fourth session of CIMO.
One of the recommen dations of the
simultaneo us session of CAeM and
ICAO METjOPS Divisions requested
that the exchange of upper-air data
up to Io mb, begun as part of the
IQSY programm e, be continued in
order to meet the requireme nts for
supersonic aircraft operations . The
Executive Committee has urged all
Members to take the necessary measures to ensure that, as from I January
I966, their upper-air observatio ns reach
the IO mb level as regularly as possible
and that the data thus obtained are
disseminat ed internation ally.

AGRICULTURAL METEOROLOGY

The presi dent of the Commission for
Agric ultur al Meteorology is collecting
infor matio n on meth ods of calcu lating
evapo ration and evap otran spira tion
from meteorological data and on
scientific journ als which publi sh pape rs
on agric ultur al meteorology. Ultim ately, this infor matio n will serve to expand the Guide to Agric ultur al Meteorological Practices.
CLIMATOLOGY

The fourt h session of the Commission
for Climatology was held in Stock holm
from rz to z6 Augu st rg65. An
account of the work of this session will
be publi shed in the next issue of the
Bulletin. Mr. C. C. Boug hner and
Dr. C. C. Wallen were re-ele cted president and vice-president of the commission respectively.
The Work ing Grou p on Climatic
Atlases (chai rman : J. V. Maher, Australia) met imme diate ly prior to the
session and reviewed the progress
made in the prepa ratio n of the vario us
regional atlases. It also exam ined the
vario us difficulties enco unter ed in this
work and revised and comp leted its
final repor t for the fourt h session of
the commission.

in Gene va, from z8 June to z July rg65.
Follo wing the direc tives of the secon d
session of the commission, the main
objec tive of this meet ing was to devel op
a new sched ule for hydro logy and
relate d subje cts withi n the UDC system. Some impo rtant prepa rator y
work had been accom plish ed prior to
the session, name ly a study of propo sals and relev ant comm ents on revis ed
UDC sched ules subm itted by India ,
Israe l, Rom ania, Sweden, U.S.A.,
U.S.S .R. and IASH , whic h were circulated amon g mem bers of the group
and expe rts with exper ience in this
field. On the basis of this docu ment ation, a new comp letely revis ed sched ule
for hydro logy was work ed out inste ad
of a modi ficati on of the exist ing scheme.
In addit ion the session discussed other
matte rs perta ining to the UDC syste m
in relati on to FID and IASH activ ities
inclu ding the colla borat ion with these
organ izatio ns. Amo ng the recom mendatio ns to the presi dent of CHy, the
most impo rtant is the reque st to forward to FID for furth er actio n,
throu gh of-ficial chann els, the new UDC
sched ule for hydro logy propo sed by
WMO. The repor t of the work ing
group will be given a wide distri butio n
as soon as it has obtai ned official statu s
withi n the Orga nizat ion.

The Working Group on Climatological Norm als (chai rman : P. Jagan natha n, India ) met at WMO headquart ers in Geneva from rg to zr May
rg65. Durin g this session the group
exam ined and comp leted a note conta ining guidance on climatological norm als;
this was subm itted as a work ing document for the fourt h session of the
commission.

Mr. G. A. Lloyd , repre senta tive of
FID, and Mr. H. Hiibn er, repre senta tive of IASH , each made valua ble
contr ibuti ons to the work of the
session. As Mr. A. Forsm an has been
appo inted chief of the hydro mete orological sectio n of the WMO Secre tariat
(see p. 257), Mr. M. Rigb y (U.S.A.) has
repla ced him as chair man of the group.
Mr. D. Laza rescu (Romania) was
elect ed vice- chair man.

HYDROMETEOROLOGY

INSTRUMENTS AND METHODS
OF OBSERVATION

The first session of the Work ing
Group on Univ ersal Deci mal Classification was held in WMO head quart ers

The fourt h session of CIMO is being
held in Toky o from 4 to r6 Octo ber
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rg65. The results of the session will
be report ed in the next issue of the
Bulletin.
The Worki ng Group on Radiosondes held a session in the WMO
headqu arters, Geneva, from 14 to
r8 June rg65, under the chairm anship
of Dr. M. Hinzp eter (Feder al Repub lic
of Germany). The group review ed and

A recom menda tion relatin g to equivalent speeds for the Beauf ort numbe rs
puts forwar d a new Beaufo rt scale, and
the Execu tive Comm ittee was concerned about variou s aspect s of the
reperc ussion s which might result from
its introdu ction. The Comm ittee there·
fore decide d to reques t the Commissions
for Climat ology and for Synop tic
Meteorology to examin e, at their fourth
sessions, the proced ural and other
repercussions of the propos ed change
and to consider carefu lly its advan tages
and disava ntages , withou t enterin g
into the study of the scale itself. The
Execu tive Comm ittee will then review
the matte r at its next session.
SYNOPTIC METEOROLOGY

Dr. M. Hinzpe ter during the visit of the
CIMO Workin g Group on Radioso ndes to the
aerolog ical station at Payerne , Switzer land

approv ed its final report for submis sion to the fourth session of the commission. The report includes an assessment of some improv ement s in upperair techniques and recom menda tions
for calibra tion proced ures and for
future comparisons of radiosondes.
MARITIME METEOROLOGY

The sevent eenth session of the
Execu tive Comm ittee considered the
report of the fourth session of the Commission for Mariti me Meteorology and
approv ed or noted all the recom menda tions. Necessary action for implem enting these recom menda tions is being
taken by Members, releva nt consti tuent
bodies of WMO and the Secret ariat.
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The provis ional agenda for the
fourth session of the Commission for
Synop tic Meteorology, which will be
held in Wiesb aden, March-April rg66,
is under prepar ation in consul tation
with the presid ent of the commission.
The agenda will includ e variou s important items relatin g to synopt ic meteor ology, such as require ments for synopt ic
meteor ology ; general review of codes,
telecom munic ations and netwo rks of
station s and times of observ ation for
synopt ic purpos es ; metho ds and techniques of analys is and forecasts and
synopt ic use of satelli te data.
Dr. S. N. Sen, presid ent of CSM, is
expect ed to visit the Secret ariat in the
course of Novem ber rg65 to discuss the
overal l arrang ement s for the session.
In accord ance with a propos al of
the WMO Adviso ry Comm ittee the
presid ent of CSM, in consul tation with
the chairm en of the Worki ng Group s
on Codes and on Teleco mmun ication s,
has initiat ed a test progra mme for
the exchan ge of coded aircraf t report s
in the framew ork of the northe rn
hemisp here upper- air data exchanges.
The results of the tests will be reporte d
in a later issue of the Bulletin.

Collaboration with other international organizations
CIB

A symp osium on the probl ems
involved in the influence of clima te
upon building, -whic h was held in
Vienna from 3 to 6 May rg65, was
organized by the Work ing Group on
Building Climatology of the Internatio nal Council for Build ing Resea rch
Studies and Docu menta tion (CIB), in
co-operation with WMO and the Interna tiona l Feder ation for Hous ing
and Plann ing (IFI-IP). Invite d exper ts
who partic ipated inclu ded 57 meteorologists, climatologists, archit ects and
building exper ts from r6 count ries.
WMO was repre sente d by Dr. F.
Steinhauser, direct or of the Austr ian
Meteorological Service, who stress ed
the great intere st of WMO in the applications of meteorology and clima tolog y
to variou s practi cal activi ties and its
willingness to pay more atten tion to
techn ical problems withi n its field of
activi ty.
The tasks of the build ing trade in
which meteorological or climatological
factors or conditions are of especial
impor tance are manifold. The provision
of living accom moda tion neces sitate s
adequ ate contr ol of outdo or influences
and it is essential for build ing and
plann ing exper ts to have at their
disposal the releva nt meteorological
data.
It was stress ed at the symp osium
that it is neces sary to prese nt the
meteorological data in a suitab le format, and to train the techn ical specialists in its use. Anoth er impo rtant
task is the inves tigati on of the influence of a buildi ng site on its climate,
so that these effects may be taken into
consideration in plann ing.

The symp osium was prece ded by a
prelim inary discussion held in Vienn a

in Octob er rg64. On the basis of the
paper s and discussions at this prelim inary meeti ng and at the symp osium
a docum ent was prepa red which include d an accou nt of the eleme nts
and param eters of partic ular value for
build ing opera tions.
The recom mend ations of the symp osium, which stress espec ially the necessity of co-op eratio n with WMO, have
been referr ed to the fourt h session of
the WMO Commission for Climatology.
COMPLES

The annua l meeti ng on Medi terranean Co-operation for Solar Energ y
(COMPLES) was held in Istan bul,
Turke y, from g to 13 April rg65. The
meeti ng was atten ded by representative s of memb ers of the organ izatio n
(France, Israel , Italy, Portu gal, Spain
and Turke y) and of assoc iate members (Syria and the Unite d Kingd om).
The openi ng meeti ng was held on ro
April under the chairm anshi p of the
Prefe ct of Istan bul, Mr. Niyaz i Aki;
the meeti ng was addre ssed by Mr.
Haldu n Terem for the Dean of the
Facu lty of Sciences and by Mr. Luis
de Azcar raga, presid ent of COMPLES.
The gener al repor t was subm itted by
Mr. M. Perro t, Secre tary Gene ral of the
organ izatio n.
The following days were devot ed to
meeti ngs of the techn ical comm ittees
of COMPLES durin g which the repor ts
of the chair men on the following subjects were discu ssed: solar radia tion;
low temp eratu re water heatin g ; agricultu ral dryin g ; solar distill ation ;
therm odyna mic conve rsion ; photo chem istry ; and direc t conve rsion into
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electricity. The conclusions reached in
the various committees giving guidelines
for the work during the forthcoming
period were approved at the closing
meeting.

tion network and the relation between
geopotential field and the wind-field
over continents and in tropical qiclones. The proceedings of the conference will be published.

In connexion with WMO activities,
the Committee on Solar Radiation
approved a recommenda tion requesting
WMO to promote the development of
the solar observation network in the
Mediterranea n and the publication
of these observations for use by solar
radiation engineers.

At the close of the conference two
working groups were established to
co-ordinate the work of the participating countries in the field of study
covered by the conference, and it was
also decided to include the Balkan
Mountains in this field of study.

It was agreed to continue with the
compilation of the list of observing
stations and the study of solar radiation forecasting and to encourage
contacts in the various countries between solar radiation engineers and
specialists in solar meteorology.

DANUBE COMMISSION

CONFERENCE
ON CARPATHIAN METEOROLOGY

The third conference on the meteorology of the Carpathian Mountains,
organized jointly by the Yugoslav
Hydrometeor ological Service and the
Belgrade Faculty of Mathematica l and
· Natural Sciences, was held in Belgrade
from 27 to 30 May rg65. WMO was
represented by Mr. M. D. Radosevic
of the Serbian Hydrometeo rological
Institute.
Participants included about 8o meteorologists and climatologist s of g countries, together with several professors
from the university and members of the
Academy of Sciences. Thirty-five papers were read and discussed ; they
covered almost the entire range of
problems in the :field of activity of the
conference, from rainfall distribution,
through the influence of the Carpathians and of orography in general on
weather and climate and on the various
meteorological elements, to the classification of regions, the application of
information theory to the determination of the rational density of a sta246

Meeting of Experts on Hydrometeorolo gical Questions

The meeting of experts of the
Danube countries convened by the
Danube Commission to consider hydrometeorologic al questions was held from
8 to r8 February rg65 in Budapest.
In order to bring about an increase
in hydrometeor ological information and
bearing in mind the opportunitie s for
collaboration between the hydrometeorological services of the Danube
countries, the experts drew up recommendations on the following subjects
for submission to the following plenary
session of the Danube Commission :
Improvemen t in the exchange of precipitation data by increasing the number
of meteorological stations in the mountainous regions of the Danube basin ;
specification of the stations from which
it would seem desirable to receive
data; establishmen t of a uniform
pattern for reliable short-term minimum and average water stage for
heavy shipping; organization of the
formulation of storm warnings for the
Danube and their communicat ion to
shipping ; drafting of new recommendations on the co-ordination of hydrometeorological observations and of
hydrometeor ological services on the
Danube ; communicat ion of observational data and the various forecasts by

matte rs. It was decide d that the Group
of Exper ts on Hydro meteo rologi cal
Quest ions would meet again from I5
to 25 March Ig66 with the following
terms of reference : to promo te the
The main purpo se of the meetin g of
partic ipatio n of the Danu be Commisexpert s was to discuss the new recomsion in the imple menta tion of the promenda tions on the co-ord inatio n of
gramm e of the Intern ationa l Hydro hydrometeorological observ ations and
logical Decad e ; to make prepa ration s
of hydrometeorological services on the
for the organ izatio n of a conference to
Danub e. It was agreed that the WMO
discuss the proble ms of hydro logica l
Guide to Hydrometeorological Practices
forecasting for the Danu be States ;
must be taken into accou nt in the preto consider the oppor tunitie s for scienparati on of the final recom menda tions.
tific co-op eratio n in hydro logica l matters relatin g to the Danu be basin.
A perma nent worki ng group was
create d to promo te collab oratio n in
The session discus sed the Danu be
hydrometeorological resear ch for ship- Commission's relatio ns with the other
ping in the Danub e basin.
intern ationa l organ izatio ns and noted
that here too positi ve result s had been
achieved. The plan of work and
Session of the Danub e Comm ission
budge t for June Ig65 to May Ig66
The twent y-thir d annua l session of were adopt ed. The next session will be
the Danub e Commission was held in held in June Ig66 in Budap est.
Budap est, at the perma nent headquarte rs of the commission, from IO
to 22 June I965. In additi on to tech- lATA
nical, financial and admin istrati ve proThe sixtee nth techni cal conference
blems and those of navig ation on the
sed
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ission
Comm
the
of the Intern ationa l Air Trans port
Danub e,
many hydrometeorological questi ons Association was held at Miami Beach ,
direct ly relate d to the safety of ship- Florid a, from 22 to 30 April Ig65. The
conference was attend ed by repres entaping.
tives of intern ationa l airlines, comm eres and
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Aeronau tical weather services did
not figure in the discussions except as
side issues whenev er operatio ns in
bad weather were under consider ation.
A few interesti ng papers dealing with
meteorological requirem ents were, however, submitt ed to the conference. In
a report on the influence of route
tempera ture effects on SST navigati on,
fuel manage ment and operatio n economies, it was conclud ed that the SST is
mildly affected in fuel consum ption
by variatio n in tempera tures experienced during the cruise and marked ly
affected in fuel consum ption as well as
operatio nal cost by variatio ns experienced in superson ic climb and acceleration.
A paper on airborne weather surveillance radar indicate d that the nominal
rso n.mi. range of present radar installed in subsonic transpo rts will be
adequat e for SST operatio ns. On the
problem of detectin g clear-air turbulence, the paper suggeste d that one
of the solution s to the problem is for
the pilot to be cogniza nt of weather
formations at altitude s below his own.
This might be accompl ished by operation of the radar at a tilt-dow n altitude
following advice transmi tted from the
ground.
The WMO represen tative drew the
attentio n of the conference to the need
for specifying meteorological requirements of SST operatio n at least by rg66
in order to enable meteorological services to provide necessar y informa tion
in due time. During discussions on
the use of compute rs aboard SST aircraft, he stressed the great importa nce
attached by meteorologists to spotwind reports from aircraft for operational purposes as well as for numeric al
weather prediction, and explaine d the
contribu tion of such accurate in-flight
reports to the World Weathe r Watch
and the expected resulting improve ment in meteorological services to
internat ional air navigati on. Both
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of these points were well taken and the
conference agreed to keep them in view.
A paper entitled Tunnel diode amplifier and solid state protector switch for
C-Band weather radar A VQ-ro describe d
a device which provides an increase
of 30-roo per cent in detectio n range
and greatly extends the time during
which perform ance at a high level is
achieved. Another on the Role of
satellites in aircraft navigation, pointed
out the usefulness of the satellite communicat ions for relaying aircraft position reports, weather informa tion, ATC
relays between the aircraft and ground
stations . It was suggeste d that radiation detector s on board satellite s could
be used to provide warning s of excessive
radiatio n at the satellite level.
IMCO

The roth session of the Maritim e
Safety Commit tee of the Inter-Go vernmental Maritim e Consult ative Organization took place at IMCO headquarters in London from 29 April to
7 May rg65. Represe ntatives of 14
countrie s, member s of the Maritim e_
Safety Commit tee, were present. Four
internat ional governm ental organiza tions and eight non-gov ernment al organizati ons were represen ted by observers ; WMO was represen ted by
Comma nder C. E. N. Frankco m.
The six technica l subcom mittees
submitt ed reports dealing with the
Internat ional Code of Signals, the
carriage of dangero us goods by sea,
the carriage of bulk cargoes, oil pollution, tonnage measure ment, sub-divi sion and stability problem s and fire
protecti on. The sub-com mittee on the
Internat ional Code of Signals had
entirely revised and simplified the
code. WMO was represen ted on this
sub-com mittee by an observe r who
played an active part in the prepara tion of the meteorological section of
this code. The new code is now complete, but althoug h it has been

c:_.

the shipp ing worl d was reaso nabl y satis fied with the adeq uacy of the exist ing
service, havi ng in mind the shor tage of
mete orolo gical obse rvati ons from certain areas. WMO was seeking the
views of ICAO and IMCO on the subject, large ly beca use ICAO was hopi ng
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subm itted to the IMCO Assembly for
appr oval, it is unlik ely to come into
force before I Janu ary rg68, beca use
part of it needs appr oval by the ITU
at its meet ing in 1967 and also beca use
it has to be trans lated into so man y
languages.
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the attenti on of shipow ners to the
desirab ility of as many ships as possible co-ope rating in the auxilia ry ship
scheme for the provis ion of radio
weathe r messages in areas where
shipping is sparse.
This session seemed to empha size
the great interes t that the Mariti me
Safety Comm ittee has in meteorological
questions and the close and pleasa nt
relatio nship that exists betwee n IMCO
and WMO.
ISO

Technical committee on measurement
of liquid flow in open channels

The Intern ationa l Organ ization for
Standa rdizati on (ISO) is an associa tion
of standa rds institu tions of variou s
nation s, which are in most cases supported jointly by indust rial groups and
nation al govern ments. The nation al
standa rds institu tions affiliated with
ISO undert ake to ensure that any
nation al standa rds issued shall confor m
in essentials with the ISO recomm endations. In this way interna tional
agreem ent is secured, whilst such
flexibility as may be desirab le to suit
local consid eration s is preserv ed.
Standa rdizati on of metho ds for the
measu remen t of liquid flow was originally entrus ted to a technic al comm ittee
(TC 30). In rg56 a sub-co mmitte e was
formed to deal with flow in open
channels as distinc t from that in pipes
and closed condui ts. The increas ing
import ance of this sub-co mmitte e later
justified its upgrad ing to a techni cal
commi ttee in its own right (TC II3) ;
this commi ttee held its first meetin g in
Londo n at the headqu arters of the
British Standa rds Institu tion from
2 to 4 June rg65. WMO was repres ented by Dr. A. G. Boulto n.
Measurement of flow in open channels is of import ance to a numbe r of
interes ts such as indust ry, sewage disposal, and water supply , which are
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outsid e the sphere of hydrom eteoro logy,
but nevert heless there is a large area
of comm on interes t betwee n them.
The task of drawin g up ISO recommenda tions had been allocat ed in 1956
to four workin g groups ; on veloci ty
area metho ds; notche s, weirs and
flumes ; glossa ry of terms used ; and
dilutio n metho ds. A great deal of work
has been done by these workin g groups
and many docum ents are nearin g the
stage of compl etion. At its Londo n
meetin g the comm ittee approv ed the
docum ent on veloci ty area metho ds,
for the determ ination of the flow by
a single measu remen t using curren t
meters or floats, as well as a docum ent
dealing with the slope-a rea metho d.
It also approv ed docum ents on thin
plate weirs and ventur i flumes, and
on the consta nt rate dilutio n metho d
and use of radiois otopes . An impor tant
docum ent dealing with the establi shment and operat ion of a gaugin g station
was virtual ly finalized.
Much of this materi al would be of
value for the Intern ationa l Hydro logical Decad e and for promu lgation
in the WMO Guide to Hydrometeorological JJractices.

SYMPOSIUM ON ECOSYSTEMS

The first interna tional sympo sium
on ecosystems, under the auspices
of the Danish Royal Acade my of
Sciences and of the Natura l Resources
Resear ch Division of UNESCO, was
held at the H. C. Oerste d Institu te,
Unive rsity of Copenhagen, from 24 to
30 July rg65 and was attend ed by
120 scienti sts from 28 countr ies, includin g Mr. L. P. Smith, presid ent of
the Commission for Agricu ltural Meteorology, repres enting WMO.
The sympo sium was chiefly devote d
to exami nation of the techni ques and
proced ures for the determ ination of

the productivity of the plant cover
and contained many contributions of
considerable importance both to micrometeorologists and agrometeorologists.
In addition to the seventeen main
papers there were twenty-one short
papers presented to the meeting which
dealt with the manifold aspects of the
subject.
Both the theoretical and experimental sides of the problems were discussed and details were given of new
meteorological instruments which have
been designed to measure the environmental conditions within the plant
stand and the biosphere.
The meeting was an excellent example
of the way in which microphysics
is now becoming an essential adjunct
of biological research and it was clear
that considerable progress is being
made in several countries along different but not entirely divergent lines of
approach.
A further symposium of this type on
the subject of methods in agroclimatology will probably be held at Reading
University in England in July 1966,
aiming at an approach to the problems
of productivity by the use of macrometeorological data, so that it will be,
in effect, complementary to the Copenhagen meeting.
UN (ECA)

The seventh session of the United
Nations Economic Commission for
Africa was opened at the City Hall,
Nairobi, on 9 February 1965, and
lasted for two weeks. Professor A. F.
J enkinson of the University College of
Nairobi attended on behalf of WMO.
The President of the Republic of
Kenya, Mr. Jomo Kenyatta, welcomed
the 300 delegates. Matters of special
interest to WMO were : the report of
the Executive Secretary ; organization
of research and training in Africa in
relation to the study, conservation and

utilisation of natural resources ; education and training report ; and the
working programme for rg65j66. A
considerable part of the discussions
was devoted to reports about the
technical assistance programmes in
Africa.
It was gratifying to note that the
WMO programme for the International
Co-operation Year was one of the best
laid out and most informative of the
papers available to the delegates.
UN (ECAFE)

The importance attached to the
economic problems of Asia and the
Far East was indicated by the attendance of about 300 high-ranking delegates and observers from 40 countries
and many international bodies at the
zrst session of the United Nations
Economic Commission for Asia and
the Far East held in Wellington,
New Zealand, from r6 to 29 March
1965. WMO was represented by Dr.
R. G. Simmers, director of the New
Zealand Meteorological Service.
An inspiring feature of the session
was the degree of unanimity achieved
among countries of such widely divergent outlooks and history, many of
which have had centuries of opposition
to one another. Dramatic successes in
international co-operation sponsored
by ECAFE are the Lower Mekong
Scheme and the Asian Highway. In a
few years it should be possible to travel
on hard-surfaced roads from the
Turkish border to Saigon.
The term economic in the title of the
commission is so widely interpreted
that the activities cover almost all
facets of national and international
life. Accordingly, WMO is able to
enter quite extensively into the work
of the commission. WMO participation
is mainly associated with such things
as training, the promotion of agriculture and the exploitation of natural
resources- activities sorely needed
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in a region with so many countries in
the course of development. Assistance
already provided by or through WMO
has included provision of experts in a
variety of schemes, development of
hydrometric and climatic networks
and studies of water resources development including flood forecasting and
tropical storms.

cially in industrialization and in economic co-operation, but the hard-core
problems of Asia's backward economics remained. For instance, food
production per head of population
has remained below the pre-war level.
Accordingly even greater emphasis is
to be placed on agriculture than in the
past.

The Wellington session dealt extensively with reports on the progress
achieved since the historic ministerial
conference in Manila in rg63, which
set a course for an acceleration of cooperation among Asian countries. The
picture that emerged contained many
elements indicating progress, espe-

In addition to a number of a purely
economic character, the resolutions of
the session pressed for an increase in
technical assistance and a greater
application of science and technology.
These could well lead to a call for
greater participation by WMO in the
development of the region.

News and notes
SEMINARS ON TROPICAL METEOROLOGY

In rg64, Mr. B. W. Thompson,
director of the East African Meteorological Department, inaugurated a
series of seminars on synoptic meteorology in Africa, in order to provide
instruction to Class I and II meteorological personnel in the latest techniques of tropical and equatorial analysis employed in the Department.
Four seminars, of which the first three
were of two week's duration and the
last of three weeks, have been held in
Nairobi and have been attended by
meteorologists from Chad, Ethiopia,
Iran, Kenya, Mauritius, Rhodesia,
Sudan; Tanzania, Uganda, U.K., U.S.A.
and Zambia.

divergence and climate ; objective forecasting methods; and orographic effects on the weather and climate of
East Africa.
The success of the seminars has been
mainly due to the excellent arrangements made by the East African
Meteorological Department and the
high quality of instruction given by
Dr. H. T. Miirth and other staff of the
Department and by Professor, A. F.
Jenkinson of the University College,
Nairobi.
AWARD TO BELGIAN SELECTED SHIP

The first international maritime
meteorological conference met in Brussels on 23 August r853 ; among its
achievements was the planning of a
maritime network of selected ships.
Today, about 4,000 of these ships
belonging to Members of WMO are
making daily weather observations
at sea and transmitting them to coastal
radio stations. This body of observational data is absolutely indispensable

The subjects dealt with include :
basic ideas in dynamic meteorology ;
analysis methods in use in the East
African Meteorological Analysis Centre ; the theory of development ;
synoptic models in the tropics ; the
equatorial air masses and their modifications ; forecasting of lee waves and
turbulence ; weather-producing mechanisms in the tropics; low-level wind
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inter actio ns betw een the neutr al
part and the ioniz ed part of the
atmo spher e.

to meteorologists for the plott ing of
basic weat her chart s.
In recognition of the services thus
rende red the meteorological division
of the Regie des voies aeriennes; responsible in Belgium for the recru itmen t

Lates t significant resul ts. Pape rs
will be prese nted on the really
significant resul ts obtai ned by

2 -

Brussels :Awa rd ofthe Prix
Metio by Mr. M. Quoil in
(right) to Comm andan t
Wang of mjs Eeklo (Photo
I nstitu t beige d' inform ation
et de documentation)

and meteorological equip ment of the
selected ships, has instit uted the annu al
awar d of a Prix Miteo to the best
Belgian observing ship.

mean s of satell ites, space probes,
sound ing rocke ts and high altitude ballo ons.
3 -

The recipient of the awar d for 1964

is mjs Eeklo (Union Belge d'Entreprises M aritimes (UBEM)). On 22
July 1965, Mr. M. Quoilin, direc tor of
the Meteorological Service of the
Regie des voies airiennes, prese nted the
meteorological prize to Com mand ant L.
Wang and his fellow officers at a little
ceremony held at Bruss els Natio nal
Airpo rt.
SPACE SCIENCE SYMPOSIUM

The ninth plena ry meet ing and
seven th symp osium of the Comm ittee
for Space Rese arch (COSP AR) will be
held in Vienna, Austr ia, from Io to 19
May 1966. The symp osium will comprise the following sections :
I -

Two specialized phys ical parts
with invit ed pape rs on the following topics : moon and plane ts ;

Life science in relati on to space
resea rch : space probe steril ization ; flight obser vatio ns on primate s ; biore gener ative syste ms ;
miscellaneous.

Furth er infor matio n may be obtaine d from the COS PAR Secre tariat ,
55 Boul evard Malesherbes, Paris se,
Franc e.
SYMPOSIUM ON SOLAR TERRESTRIAL
PHYSICS

A symp osium on solar terre strial
physics, eo-sponsored by URS I, IAU
and IAGA with the parti cipat ion of
COSP AR, will be held in Belgr ade
from 29 Augu st to 2 Septe mber 1966.
The main topic s selec ted for discussion are : solar partic le emissions
and inter plane tary magn etic fields ;
the inter actio n of solar plasm a with
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the geomagnetic field ; energetic charged particles in the magnetos phere; the
temperat ure of neutral and charged
particles in the ionosphe re and the
magnetosphere.
The programm e committe e of this
symposiu m is located at the Radio
Space Research Station, Ditton Park,
Slough, Bucks, ·England .
HIGH-SPE ED FACSIMILE TRANSMISSION
BY SATELLIT E

An impressive demonstr ation of the
potential ities of high-spee d facsimile
transmiss ion by communi cations satellite for internatio nal meteorol ogy took

Inc. The Early Bird satellite was used
to relay the material between the
ground stations at Andover, Maine,
and Pleumeur -Bodou in France.
Transmis sions began with an exchange of letters between Dr. R. M.
White, chief of the U.S. Weather
Bureau, and the director of the French
National Meteorological Service, Mr.
J. Bessemoulin. Dr. White's letter
stated" ... these transmiss ions should
provide a useful demonstr ation of the
possibilities now being explored to
expand the communi cations resources
that may be needed to impleme nt
plans for the World Weather Watch."
Mr. Bessemo ulin said" ... I share your

Washington : Mosaic of
northern hemispher e weather patterns from TIROS rx
being transmitte d to Paris
by high-speed transmissi on
via Early Bird communications satellite

place on 15 June 1965. On this occasion the world's first commerc ial satellite, Early Bird, was used to relay
weather charts and other meteorological material between Washing ton
and Paris at eight times the speed of
the present communi cations network.
This transatla ntic exchange of weather data was held between the Washington World Meteorological Centre and
the French National Meteorological
Service in Paris using facsimile equipment designed by the Alden Electroni c
and Impulse Recordin g Equipme nt Co.
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desire to show, by means of this experiment, that the transmiss ion of meteorological informat ion could benefit
very greatly by the possibilities which
this techniqu e offers ; so I propose,
by way of example, to have the Paris
meteorological telecomm unication s centre dissemin ate the informat ion reaching me from the (World) meteorological
centre in Washing ton to the other
meteorological services of Europe and
Africa."
Weather charts from the two most
recent passes of the TIROS IX satellite

over the easte rn Atla ntic and west ern
Euro pe were then relay ed to Paris in
two minu tes. These were followed
by mosaics showing cloud patte rns
over both the north ern and south ern
hemispheres. Toge ther these char ts
provided, in less than 12 minu tes, the
complete global data collected by
Othe r
TIRO S IX for a 24-h our perio d.
ton
hing
Was
from
d
char ts trans mitte
r-air
uppe
ed
plott
utercomp
ded
inclu
analyses up to 10 mb obta ined by
nume rical weat her pred ictio n meth ods.
Whil st some of these char ts were base d
on a curre nt oper ation al model, other s
were cons truct ed from a new experiment al mode l which takes acco unt
of effects deriving from the air-sea
inter face as well as TIRO S data . Thes e
trans miss ions were carri ed out with a
resolution of 96 lines per inch and at a
speed of one map per minu te. The
qual ity of the trans miss ions, whic h

woul d norm ally have requ ired eight
sepa rate cables and receivers, was
cons idere d excellent.
Fren ch trans miss ions to the Unit ed
State s followed, using a spee d of 960
rpm and a resol ution of 48 lines per
inch. Alth ough this ef-fectively doub led
the spee d of the earli er trans miss ions,
a single char t takin g only 30 seconds,
the resul ts were again very good.
Othe r equi pmen t to perm it codin g of
dif-ferent type s of trans miss ion and
later selection of the desir ed char ts
at a receiving centr e was also demo nstrat ed.
Coming at a time when much ef-fort
is being devo ted to the plan ning of the
futur e worl d mete orolo gical telecommun icati ons syste m, the success of
this demo nstra tion is boun d to evoke
cons idera ble inter est.

Obituary
Mr. A. Foissy, ingen ieur de la meteorologie, was killed in an accid ent at
Buju mbu ra, Buru ndi, on 29 May 1965.
Mr. Foissy, who had been seco nded
by the Meteorologie Natio nale of Fran ce
to WMO unde r the techn ical assis tance
programme, had spen t the whole of
his working life as a mete orolo gist in
Africa and Madagascar. He enter ed the
Meteorological Service of Fren ch Wes t
Africa in 1931 and was in charg e of
statio ns in Senegal, Suda n and Guin ea
and subs eque ntly of regions in Suda n
and in Dahomey. · In 1948 he was
appo inted head of the Meteorological
Service in Togo and later Ouba ngui Chari. Afte r a perio d at the head of
the supplies and equi pmen t service in
Madagascar, he was appo inted in 1958
head of the Meteorological Service of
Reun ion where he rema ined until his
seco ndme nt to WMO in 1963.
His first assig nmen t for the Organizatio n was a shor t but very effective

m1ss10n as expe rt on a techn ical committe e which amon g othe r tasks was

Mr. A. Foiss y

requ ired to recom mend meas ures to be
take n .in the field of mete orolo gy in
Rwa nda and Buru ndi. Then , as a
valu ed and trust ed advis er to the
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govern ments of these two countri es, he
assisted in the organiz ation of their
meteorological services and the trainin g
of personnel. From I Januar y rg65
until his death he was workin g in
Burund i only.
He publish ed articles on the climate
of West Africa in the Bulletin d'etudes

historiques et scientijiques de l'A.O.F .
and the Annale s de physique du globe
de la France d' outre-mer.
All those who knew him, in Africa
and in WMO, will remem ber him as a
conscie ntious and efficient worker sparing neither time nor effort in his chosen
field.

News from the WMO Secretariat
SECRETARY-GENERAL'S VISITS

Czechoslovakia
At the invitati on of the Govern ment,
the Secreta ry-Gen eral, accomp anied
by Mrs. Davies, visited Czechoslovakia
during the period 28 June to 2 July
rg65. An interes ting program me for
the visit had been drawn up by the
Czechoslovak authori ties. The programm e include d discussions in Prague
with the Minister of Foreign Affairs,
the Minister of Agricu lture, Forest
and Water Manage ment, Mr. J. Zitck,
Directo r of the Hydrom eteorol ogical
Institut e and other senior govern ment
officials.
A visit had been arrange d to the
Hydrom eteorol ogical Institut e, where
the plans and activiti es were explain ed
in some detail. The Secreta ry-Gen eral
was much impress ed with all that he
saw of the work of the Institu te, the
studies which have been in progress
for several years on numeri cal method s
for weathe r predict ion and the important meteorological telecom munica tions centre at Prague being particu larly notewo rthy.
An import ant item on the programm e was a visit to the Czechoslovak
Academ y of Sciences where the Secretary-Ge neral met many scientific workers of the Academ y and gave a lecture
on the World Meteorological Organization. Repres entativ es of the Hydrometeorological Institu te and meteor o256

logists from Charles Univer sity were
also present . Follow ing the lecture
the Secreta ry-Gen eral spent some time
with the Vice-P residen t of the Academ y
and a numbe r of Academicians.
The program me also include d a
visit to the western part of Bohem ia
and some of the historic castles. A
visit to the vast athletic display
Spartakiade and to the opera in Prague
were among the many interes ting features of the tour.
The Secreta ry-Gen eral much appreciated the warm hospita lity of the
Czechoslovak authori ties during his
visit, which proved not only interes ting
and useful from the official point of
view but also a very pleasan t and
enjoyab le persona l experience.

Belgium and Sweden
During July and August respect ively the Secreta ry-Gen eral paid brief
visits to Belgium and Sweden. He
attende d the opening ceremo ny of the
fourth session of CAe in Brussel s ; in
Stockh olm he was present at the
opening ceremo ny of the fourth session
of CCl as well as at the ceremo ny for
the award of the tenth IMO Prize to
Profess or Sverre Petters sen. He took
the opport unity of his visit to Stockholm to have discussions with the
Preside nt of WMO.

The Secr etary -Gen eral very muc h
appreciates the generous hosp itali ty he
received durin g thes e visits.

STAFF CHANGES

Mr. A. Fors man took up his dutie s as
chief of the hydr ome teoro logic al secti on
in the Tech nica l Divi sion on r Aug ust
rg65. Afte r grad uatin g in hydr olog y
from the Univ ersit y of Upp sala in
1949, Mr. Fors man joine d the Swedish

with the sale of mete orolo gica l syste ms
equi pme nt.
Afte r havi ng serv ed for a year as
chief of the Plan ning Unit , Dr. G. L.
Barg er left the Secr etari at in Aug ust
rg65 in orde r to take up a senio r
appo intm ent in the re-or gani zed Unit ed
State s Wea ther Bure au. His successor,
Mr. H. P. Marx, arriv ed on r6 Septemb er. Since takin g his Mas ter's degree in mete orolo gy from Penn sylv ania
Stat e Univ ersit y in rg56, Mr. Mar x has

Prague :Vis it of Mr. D. A.
Davi es (left) to the ForeRigh t :
castin g Servi ce.
Dr. A. Vesec ky, depu ty
direc tor of the Hydr ometeo rolog ical Insti tute

Meteorological and Hyd rolog ical Institut e. He serv ed as a UN tech nica l
assistance expe rt in Taiw an for 12
mon ths in rg6r and rg62 and as a WMO
expe rt in Pana ma for 6 mon ths in rg63
and rg64. He is the auth or of seve ral
scientific pape rs in Swedish on evapora tion and snow-melt.
Mr. R. B. Clark joine d the Lati n
American secti on of the Tech nica l
Co-operation Division on 17 July rg65.
He grad uate d in mete orolo gy at St.
Louis Univ ersit y and has since work ed
with vario us airlines and in a firm of
meteorological cons ultan ts. Imm ediately prior to acce pting his appo intm ent
with WMO, Mr. Clark was conc erne d

work ed almo st exclusively on syste ms
anal ysis and design stud ies relat ing to
mete orolo gica l services, inclu ding data
processing. In his mos t rece nt appo intmen t in the Unit ed Stat es Wea ther
Bure au he was carry ing out spec ial
stud ies on the Wor ld Wea ther Wat ch.
RECENT WMO PUBLICATIONS

Weather reporting : Volume C - Transmissions. WM O- No. g. TP ·4· Looseleaf. Price : Sw. fr. roo .-.
This new editi on of Volume C replaces
the editi on first issue d in 1955. It is
divid ed into two main chap ters the
first of whic h consists of the guide
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to meteorological teleco mmun icatio ns,
publis hed on the recom menda tion of the
Commission for Synop tic Meteorology.
The main part of the volum e is taken
up by Chapt er II - Trans missio n
schedules. This inform ation is arrang ed
in separa te sections corres pondi ng to
each of the WMO Regions with the
additi on of a sectio n for the An~arctic.
Each of these sectio ns is subdiv ided
into the following four parts : (i) Broad casts of coded meteorological inform ation ; (ii) Point- to-poi nt transm ission s
of coded meteorological inform ation ;
(iii) Facsimile transm ission s ; (iv)
Broad casts for intern ationa l air navigation.
The new· Volume C is the secon d
volume of Public ation No. 9 to appea r
in the new forma t. As in Volume A, the
use of a larger page size result s in a
considerable decrease in the total number of pages. The same simplified
loose-leaf bindin g system has also been
introd uced for this Volume and the
complete volum e can now be contai ned
in two stiff covers. The practi ce of
issuing a month ly supple ment dated
the rsth of each month will be continued. The full use of the offset printi ng
metho d will permi t more freque nt
replacement of compl ete pages and,
consequently, will result in a reduc tion
of the numb er of manu script corrections to be made by the user. Furth ermore, once a year (r5 May), replac ement
pages will be issued for all those pages
on which manus cript corrections have
been made during the preced ing twelve
month s. This, in effect, will give the
subscriber a compl ete new editio n once
a year when the May supple ment has
been inserted.
Meteorology in the Indian Ocean. WMO
-No. r66. TP. 8r. Pp. 3L Price :
Sw. fr. 2.-.
The Intern ationa l Indian Ocean
Exped ition (IIOE ) was an intens ive
multi- discip linary invest igatio n of the
Indian Ocean carrie d out during r96r
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to 1965 on the initiat ive of the Scientific Comm ittee for Oceanic Research
and eo-spo nsored by UNES CO and
WMO. Its purpo se was to observe,
describe, and if possible, explai n the
circul ations of the ocean and the
atmos phere and the intera ction be-tween them, the chemical compo sition
and distrib ution of living things in the
ocean and the bottom topog raphy and
coasta l struct ure of the Indian Ocean.
One of the main featur es of the
IIOE was its meteo rologi cal programm e, some of the result s of which are
report ed in this bookl et by Profes sor
C. Rama ge, scientific direct or for
meteo rology for the exped ition.
A genera l summ ary of the clima te of
the Indian Ocean is followed by a descript ion of some of the work under taken by resear ch vessels and aircra ft
and by the Intern ationa l Meteorological Centre in Bomb ay (see also
p. 217). The report concludes with a
note on the prelim inary findings and
on plans for future resear ch.
WMO jiUGG sympo sium on research
and development aspects of long-range
forecasting, Boulder, Colorado, I964.
Technical Note No. 66. WMO No. r62. TP. 79· Pp. 339; tables and
figures. Price : Sw. fr. 40.-.
The sympo sium held at Bould er,
Colorado, in June/ July 1964 was
organ ized by WMO with the co-operation of IUGG in order to review recent
develo pment s in meteo rology and related atmos pheric sciences that have
a direct bearin g on the proble m of longrange predic tion, and to explore and
stimu late intere st in scientific metho ds
of long-r ange predic tion and to encourage their applic ation in the routin e
practi ce of forecasting. Altho ugh primary empha sis was placed on releva nt
advan ces in dynam ical and physic al
meteorology, the theory of the gener al
circul ation and comp uting technology,

the symposium also included surveys
of purely statistical and synoptic
approaches to long-range prediction
as well as descriptions of methods now
in operational use.
The papers submitted to the symposium were presented in seven sessions
and are grouped together under the
same headings in the publication, as
follows : I - Introductory papers by
H. Flohn and M. L. Blanc ; II - Operational and long-range forecasting with contributions by K. N. Rao, K.
Takahashi, J. Namias, E. N. Blinova;
Ill - Extended synoptic approaches
to long-range prediction (J. Bjerlmes,
A. Hofmann, W. H. Klein, B. Eriksson) ; IV - Long-period time integration
(J. Smagorinsky, J. Adem, Y. Mintz,
C. E. Leith) ; V - Theory of general circulation (A. Wiin-Nielsen, E. N. Lorenz, G. I. Marchuk) ; VI - General
dynamical studies (J. S. Sawyer, K.
Labitzke) ; VII - Further contributed
papers by Z. Kaczmarek and J. Litynski, E. Rosini, F. Pellegrini, T. Murakami and K. Tomatsu.
The Note closes with a record of the
discussions held during the last session,
under the chairmanship of H. van de
Boogaard.
A short account of this symposium
was given in an earlier issue of the
Bulletin (Vol. XIV, No. I, p. 4I).
The present situation with regard to the
application of numerical methods for
routine weather prediction and prospects for the future. Technical N ate
No. 67. WMO- No. I65. TP. So.
Pp. 64 ; figures and tables. Price :
Sw. fr. 6.-.

The main part of this Technical Note
contains the text of the paper presented
by Dr. B, R. Doos, chairman of the
joint CAefCSM Working Group on
Numerical Weather Prediction, at the
scientific discussion held during the
sixteenth session of the Executive
Committee.

The aim of this report, prepared by
Dr. D66s and the other members of
the working group (E. M. Dobrishman,
A. Eliassen, K. H. Hinkelmann, H. Ito
and F. G. Shuman) is to summarize the
status of numerical weather prediction
(NWP), and in particular to determine
to what extent numerical methods
(in Ig64) are applied in routine
weather services. Its content is based
partly on information obtained from
semi-annual progress reports presented
by weather services in more than
20 countries engaged in numerical forecasting.
The basic steps in the process, from
the receipt of observations to the presentation of the forecast, are discussed :
the automatic extraction of the information in the incoming reports, the
objective analysis of the extracted
data, the forecast computation, and
finally the automatic presentation of
the forecast. The electronic computer
also can with advantage take care of a
number of tasks which occur in a
weather forecasting service, e.g. evaluation of upper-air soundings, special
forecasts for flight planning, forecasting of the movements of hurricanes
and typhoons, forecasting of the state
of the sea, weather routing of ships
and climatological processing.
Results from systematic tests of
forecasts computed on an operational
basis with different prediction models
clearly indicate that the quality of the
numerical upper-air forecasts exceeds
significantly that of conventional forecasts. The quality of the numerical
forecasts for the surface is at present
comparable to that of conventional
forecasts.
Already within the framework of the
present status of NWP, the routine
work in a weather forecasting service
can be automated to a considerable
extent. It is expected that NWP methods will be considerably improved
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although NWP will become increasingly limited by the present observational network.

and the texts of the 6 resolutions and
33 recommendations adopted by the
commission.

The Note concludes with some remarks on numerical weather map
analysis methods, and on prediction
models in operational use, a selected
bibliography and a summary of the
discussion following the presentation
by Dr. D66s of his paper to the Executive Committee.

The annexes include the texts of
proposed manuals on the duties of
Port Meteorological Officers and on
the value and use of the international
maritime meteorological punch-card.

Commission for Maritime Meteorology:
A bridged final report of the fourth
session. WMO- No. 164. RP. 6r.
r6o. Price : Sw. fr. 20.-.
Pp. xv

+

This report, published in English and
French, contains a general summary of
the work of the fourth session of the
Commission for Maritime Meteorology
(Geneva, November-December rg64)
with the final agenda, lists of participants and of the working documents

An account of the session was given
in an earlier issue of the WMO Bulletin
(Vol. XIV, No. 2, pp. II2-II5).
Regional Association I (Africa)
A bridged final report of the fourth
session. WMO- No. r67. RP. 62.
7· Price: Sw. fr. 3.-.
Pp. ix

+

This report, available in English
and French, contains the summary of
the work of the session, with the final
agenda and lists of participants and
of the working documents.

Reviews
deficiencies of the observational network in
tropical latitudes of the Pacific, is attempted
below. But apart from the results themselves the great value of this study lies in the
synoptic analysis, in space and time, of
weather conditions over the ocean in the area
between the equator and 30°N, from r2ooE
to r5o 0 W, for the periods of July and August
I957 indicated above. It is unfortunately
impossible to review this in detail. It will
have to suffice to say, here, that by means of
a simultaneous and comparative study of
these atmospheric situations and of the cloud
photographs, the authors have worked out a
synoptic code of seventeen figures, from zero
to r6, each denoting a typical tropical sky,
the figure increasing with the intensity of the
disturbances with which the clouds are
associated.

Cloud Structure and Distributions over the
Tropical Pacific Ocean. By J. S. MALKUS
and H. RIEHL. Berkeley and Los Angeles
(University of California Press) rg64.
Price :
229 pages; I 57 illustrations.
us $7·50.
This excellent and very well-produced
volume contains a live study of cloud system
structure and distribution over the tropical
waters of the North Pacific in relation to
large-scale atmospheric flow patterns. The
observational material used includes very
many aerial photographs of clouds (snapshots
and films) and the surface and upper-air observations of the synoptic network. The photographs were taken, at about 2,5oo m, from a
cargo aircraft of the Pacific Division of the
Military Transport Service (MATS) over a
flight distance of 28,ooo km over the following
routes :
Honolulu - K wa j alein- Guam- Manila,
I.
IO to I3 July I957;
II. Honolulu- Kwajalein- Guam- WakeHonolulu, 24 to z8 July I957;
III. Honolulu- Wake- Guam, r6 to r8 August I957 and Kwajalein- HonoluluSan Francisco, 2I to 27 August I957·

Of the cloud formations in tropical latitudes, convective clouds are the most frequently and widely found. These, grouped
in cloud systems on a mesometeorological
scale (with horizontal dimensiqns ranging
from a dozen to several hundred kilometres),
play at least as important a role in the
lower latitudes as middle latitude disturbances. This fact alone is enough to show
the value of studies of convective cloud formation and distribution in tropical latitudes.

A summary of the results obtained, which
are altogether remarkable in view of the
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In this connexi on, it will be rememb ered that
convect ive clouds influenc e the radiatio n
balance of the tropical atmosp here, and that
they transpo rt from the ground upward s
latent heat which is transfo rmed into sensible heat and that the kinetic energy of
convect ive movem ents comes from the conversion in situ of heat energy into mechan ical
energy.
It has been an establis hed fact for some
time now that conditio nal static instabil ity is
necessa ry, though not by itself enough , to set
off convect ive motion over large areas and
consequ ently to give rise to the formati on
of the convect ive clouds associa ted with
them. For a convect ive cloud to grow and
develop , it must be fed not only by a rising
flow of humid air but also by a flow enterin g
the cloud laterally . Conseq uently, convect ive
clouds will really develop only in horizon tal
converg ence zones associa ted with synopti c
scale disturb ances (those with horizon tal
dimensi ons betwee n 500 and 5,ooo km), for
instanc e in the region to the east of an
easterly wave, which of course is moving
westwa rd. More general ly, any influenc e
which, in the lower troposp here, favours
upward movem ent is likely to strengt hen convection ; in particul ar, this is what happen s
when there is a horizon tal diverge nce in the
layer above the convect ive layer. Thus it
seems that not only the flow pattern s in the
lower troposp here, but also those of the
upper troposp here, control the formati on and
distribu tion of convect ive clouds and associated showers over vast areas. Cumulu s
cloud systems are therefo re the outcom e of
the interact ion betwee n the large-sc ale fl'ow
pattern s of the lower and upper troposp here
- provide d that conditio ns of conditio nal
static instabil ity prevail. That is one of the
most importa nt conclus ions reached by the
authors , who have shown, beyond all doubt,
that the circulat ion at the 200 mb level has
an influenc e on the formati on and distribu tion of cumulu s in the convec tive layer of
which the lower limit is in the easterli es ;
these clouds extend upward s for several kilometres, sometim es to an altitude of over
10 km.

But large-sc ale flow pattern s are not alone
in having an influenc e on convec tive movements ; wind too has a direct deform ing
action on any convect ive cloud after the
cloud's energy is exhaust ed, that is as soon as
the cloud is no longer penetra ting the layers
above. The upper part of a cumulu s which
has lost its force of penetra tion leans with
the wind (so much sometim es that the cloud
spills over) and often spreads quasi-h orizontally .

the widest of variatio ns over a horizon tal
distanc e of ten kilomet res or so at most in
certain parame ters such as mean altitude of
the tops, the altitude of the highest tops, the
altitude of the cloud bases and the cloud
amount . It is apparen tly difficul t to explain
this abrupt change in terms of the changes
taking place in air temper ature and humidi ty
distribu tion, withou t bringin g in the field of
flow.
Depend ing on whethe r convec tive activity
is above or below average , the cumuli of each
of these families either show a random distribution or form parallel rows (longitu dinally
or transve rsally to the flow) or take on a
cheque r formati on (crossed longitu dinal and
transve rse rows).
The cumulu s rows observe d by the authors
are parallel and betwee n 5 and 100 km apart ;
they consist of from 4 to 100 clouds and vary
from 5 to 200 km in length. These rows are
governe d by the wind shears immedi ately
above and below the convec tive layer. Thus
the cumuli in the easterli es align themse lves
along the vector represe nting the differen ce
betwee n the speed of the easterli es in the
lower level and that at the earth's surface ,
that is along the lines of flow in the lower
layer of the atmosp here. It seems that these
longitu dinal cumulu s rows in the easterli es,
the spacing of which appears to increas e with
the thickne ss of the layer, appear only if the
easterly is strong enough , some 10 mjs at
least. When the wind in the convec tive layer
rotates vertical ly in a relative ly thin layer
withou t any appreci able change of intensit y,
transve rse rows of cumulu s appear followin g
the line of applica tion of the vector which
represe nts the differen ce in the winds between the upper and lower parts (layer of
cumulu s of the easterli es) of the convect ive
layer. The distanc e betwee n transve rse ranks
varies little ; it is general ly 70 to go km. As
for the cumulo nimbus anvils, they align
themsel ves along the vector represe nting the
difieren ce betwee n the wind at the anvil level
(which often has a westerl y compon ent) and
the wind at the upper limit of the easterli es.
In the cases studied by the authors the
conditio nal static instabil ity extende d right
into the upper troposp here, the cumuli sometimes went above the 1o,ooo m level and the
easterli es had a maxim um thickne ss of some
7,ooo m.
For the cumulu s to appear in longitu dinal
rows, there must be modera te to fairly strong
easterli es in the lower atmosp here blowing
steadily over a warmer ocean withou t any
appreci able rotation along the vertical and
the cumulu s cloud must be forming in the
humid and unstabl e layer where there is
horizon tal converg ence at the synopti c scale.
For transve rse rows to form, the cumuli of

Cumulu s clouds form mesome teorolog ical
scale families showing from family to family
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the easterlies have to penetrate'into a layer
immediately above, where the wind is blowing
in a different direction and the wind rotation
must occur in a layer which is thin with
respect to the vertical dimensions of the
clouds. In disturbances with strong winds,
cumulus clouds as a rule form rows and the
rows form cloud systems at the mesometeorological scale. The small cumuli of the
easterlies often form longitudinal rows when
there is little or no vertical change in the
direction of the easterlies, except above the
cloud tops. Similarly the cumulus congestus
or cumulonimbus (tropical cyclones) form
rows when there is little vertical change in
the direction of the wind, in the troposphere.
A continuous vertical rotation of the wind
in the troposphere generally prevents any
organized cloud distribution.
When the cumuli in longitudinal 'Tows are
over r,ooo to r,zoo m high, they generally
lean in the direction of the wind velocity in
the cloud relative to the wind velocity at the
base of the convective layer. Then the cumuli
must be expected to lengthen in the direction
of the flow carrying them or in a transverse
direction depending on whether this relative
velocity is in the direction in which the cumuli
are being carried along or at right angles to
it. As the longitudinal rows may be roo km
long or even more, it is probable that convective clouds are the outcome of the roll
convection (D. Avsec, 1939) lying in the
direction of flow of the easterlies.
It is highly desirable that studies of this
kind should be repeated because of the value
of finding out more about weather phenomena
on a convective and on a mesometeorologic al
scale and more about the interaction between
these and synoptic scale phenomena. This is
also desirable because of the need to be able
to make the fullest use of the panoramic
photographs of cloud systems from meteorological satellites- for instance, in order to
obtain from these aerial photographs infor-,
mation about the circulation of air.
Further
photographic
reconnaissance
flights should be made - over the oceans in
the first place, because over continents convection is more complicated owing to the
existence, in addition to the convergence and
divergence effects of flow on the synoptic
scale, of smaller scale effects of the same kind
clue to the diurnal temperature variations in
mountain and coastal regions.

ments should be made on board and that to
supplement the meteorological data there
should be surface water temperature observations. These last seem absolutely indispensable.
J. V AN MIEGHEM

Proceedings of the Symposium on Tropical
Meteorology,
Rotorua,
New Zealand,
5-IJ November I963. Edited by J. W.
HUTCHINGS. Wellington (New Zealand
Meteorological Service) rg64. 737 pages;
figures ; tables. Price : £NZ. 3.-.
The symposium reported in these proceedings took place in November rg63 on the
initiative of WMO, eo-sponsored by IUGG.
The New Zealand Meteorological Service
acted as host and has rounded off its, responsibilities most handsomely by producing
an impressive volume containing some
seventy papers in over 700 pages. cSome of
the contributions are trivial or are reported
only in summary but these take up little
space and there is a sufficient number of
notable and substantial contributions to
earn for the volume its place on the shelves
of anyone interested in world ,weather. It
should be understood that the word meteorology in the title is used in a restricted sense,
connoting the study of large-scale circulations and weather systems, and that the proceedings form a coherent set of papers of
particular value to the professional weatherman or climatologist.
A special feature of the symposium was
the prominence given at the opening of each
of the eight sessions to invited survey papers,
some of which will stand for a long time as
expert monographs. Of these the most
notable are The general circulation of the
tropics by E. Palmen, Convective processes in
the tropics by Joanne S. Malkus, and Radar
in tropical meteorology by R. J. Donalclson,
Jr. and D. Atlas- as good an introduction
to meteorological radar as is to be found
anywhere. The paper by L. F. Hubert on
Satellite data in tropical meteorology is also
particularly valuable as providing a stimulating account of this new dimension in meteorological observing although a presentation
more closely co-ordinated with conventional
synoptic techniques and practical problems
could no doubt have been written and might
have been more appropriate in the present
context.
The four remammg sessions were mostly
concerned with synoptic-scale circulation
problems. As J. W. Hutchings remarks in
concluding his report on Large scale perturbations of the tropical circulation, the subject
"is in a rather rudimentary state" but his survey nevertheless makes a good starting point.

However, if such studies are to be repeated,
it seems essential, to the reviewer, that some
of the worst gaps in the tropical observation
network should be filled, that the photographic aircraft should carry dropsoncles,
that accurate and regular wind measure262

It would be optimistic to suppose that the

complex variations of wind and weather
throughou t the tropics, and on the range of
scales in time and space, are ripe for reduction to the formal solution of a few mathematical models although evidently there is
scope for progress in this direction. Perhaps
it is in explaining and predicting the structure
and movement of tropical hurricanes , the
subject of the last two sessions of the symposium, that we may most confidentl y look
for early advances beyond the stage reported
at this 1963 meeting, provided always that
sufficient resources are devoted to obtaining
the necessary observatio ns.
Time and again authors refer to the inadequacy of the aerological data available for
tropical meteorolog y, whether the interest is
in research or in the public advisory service.
Fortunatel y there is, at last, reason to hope
that the concept of World Weather Watch
will arouse the interests and open the purses
of progressiv e countries within the next few
years and that t~e need to prepare prognostic synoptic charts for tropical areas as a
routine, which should be one of the duties of
World Centres and Regional Centres, will
accelerate progress in this scientifica lly fascinating and economica lly important but
relatively neglected subject.

R. C. SuTCLIFFE

Problems in Palaeoclimatology. Proceeding s
of the NATO Palaeoclim ates Conference
held at the University of Newcastle upon
Tyne, January 7-12, 1963. Edited by
A. E. M. NAIRN. London, New York,
Sydney (Interscien ce Publishers ) 1964705 pages; numerous figures. Price:
14 7 shillings.
Palaeoclim ates and their causes remain
among the great puzzles of the past. The
record left by fossils and formations is often
difficult to decipher in terms of climate. The
chronology leaves much to be desired and
only in recent years, with isotope ratios,
have temperatu re data from marine cores
given us some quantitativ e data.
The many aspects of these problems for
various geological periods are presented
through 54 articles in this impressive volume,
which is beautifully produced. Many disciplines which can contribute to gathering
and elucidation of the facts are represente d.
The predomina nt theme is an approach to
these facts from both geological and physical
viewpoints . The late Professor Waiter H.
Bucher called it in his wide-rangi ng introduction a "confronta tion". This concerns
the often apparently conflicting pieces of

evidence for continenta l drift and migration
of poles with other geological interpretat ions.
The palaeomag netic data have led to a
new, but by no means unconteste d, view of
early ice ages that finds prominent expression through the article of S. K. Runcorn, a
principal protagonis t.
There are three meteorolog ical contributions. The palaeoclim atic fluctuation s caused
by radiative processes, following the earlier
work of Milankovi ch, are ably elaborated by
E. A. Bernard. A brief chapter on how the
general circulation of the atmospher e comes
about is presented by P. A. Sheppard, who
demonstra tes the energy transforma tions
and constraint s that operate in the atmospheric system. H. H. Lamb lucidly summarizes the growth and decay of glaciers,
referring mainly to recent history.
The broad multidisci plinary coverage and
the good bibliograp hies appended to all
chapters will make this a very valuable source
book and a guide to widely scattered literature. Yet it is not a textbook or even a
systematic approach to the problems. The
material, while grouped according to sessions
held at the conference , is not in a particularl y
logical order. Nor is there uniform depth or
quality - a common failing of conference
in the various contributio ns.
reports Some of these cover original research, some
are tutorial reviews, and a few seem to be
rather cursory notes. The Pleistocen e period,
for which more evidence on climate exists
than for any prior era, is not well represente d
Of course, palaeomag netism can
here.
explain nothing about the climatic fluctuations in that period because the pole position
has been essentially unchanged in the last
million years.
Since Koeppen and Wegener {Die Klimate
der geologischen Vorzeit, 1924) only slow progress has been made in looking at all evidence
of a single era synoptical ly for the whole
earth. From a modern meteorolog ical point
of view it is also regrettabl e that the new
powerful numerical tools have not been
brought to bear on the problems. ·Synthetic
climatic maps for an earth without continents, one with a single central continent,
with or without various mountain chains,
may contribute substantia lly to the understanding of the dim past of climatic history.
Perhaps the most encouragin g result of
such conference s is that people from various
disciplines talk with each other rather than
at each other. This augurs well for the future
in this confused field.
H. E. LANDSBERG
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Vozdusnye tecenija i raspredelenie temperatury
v stratosfere i mezosfere v severnom polusarii
(Air streams and temperature distribution
in the stratosphere and mesosphere over
the northern hemisphere). By V. R.
DUBENZOV. Moscow (Hydrometeorological
Publishing House) 1965. (In Russian)
94 pages ; 14 figures ; 48 charts. Price :
61 kopecs.
The book is written on the basis of upperair observations collected by the meteorological services of the U.S.S.R., Japan and
U.S.A. for the period 1957-1959. It is divided
into three chapters. Chapter I refers to
seasonal distribution in temperature, geopotential and wind in the upper troposphere
and lower stratosphere ; Chapter II, to the
most striking peculiarities and distinctions ;
Chapter Ill, to the analysis of temperature
and wind regimes in the stratosphere and
mesosphere up to loo km. This last chapter
also contains information on the monsoon
circulation and the two-year cycles of zonal
winds in the stratosphere over the equatorial
zone.
Some of the author's conclusions will
doubtless stimulate further discussion and
investigation. The atmosphere up to 100 km
cannot be definitely divided into several
spheres - the development of processes in
any one of these spheres may often be found
in other spheres, and the so-called pauses
between spheres do not really isolate one
sphere from the others. The large-scale disturbances of the troposphere may be seen in
the stratosphere and vice versa. Changes in
horizontal temperature gradient produce
much more important effects on the atmospheric circulation ; for example, the vertical
extent of pressure systems depends on the
position and the height of the pause.
It is now recognized that some winddirection oscillations at different levels of the
atmosphere (say 92, 16, 5 km) are mutually
related and this constitutes evidence of the
existence of some links between processes
and developments in the troposphere, the
stratosphere and the mesosphere.

The objective analysis of all these facts
and the data connected with the behaviour
of the atmosphere up to 100 km altitude show
that no definite conclusion may be made
regarding the atmospheric circulation and
the interaction between different levels of
the atmosphere until meteorologists become
familiar with the results of the most recent
investigations of neighbouring sciences, such
as astronomy and geophysics.
All the conclusions presented by Dr. Dubenzov in his book are well supported by
clear arguments but they need of course to
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be carefully discussed by meteorologists. But
quite apart from the text, the unique collection of upper-level monthly mean charts for
the northern hemisphere (200, 100, so, 30,
20 and 10mb) in itself provides very valuable
material, which might be used by meteorologists for many research purposes. There is
also a comprehensive bibliography.
From every point of view, Dr. Dubenzov's
book is a very useful and interesting monograph which should be translated into English
and other languages for the benefit of meteorologists in all parts of the world.
P. D. A.

Selected papers on the theory of thermal convection with special application to the Earth's
planetary atmosphere. Edited by Barry
SALTZMAN. New York (Dover Publications Inc.) 1962. x + 461 pages. Paperback. Price: US $3.00.
For anyone who is interested in under..
standing the basic theory of convection, this
book provides the essential source material
for study. The editor has endeavoured to
bring together theoretical papers on convection which have a direct bearing on the
general circulation of the atmosphere, and
this volume contains some 25 original papers
on thermal convection by well - known
scientists such as Helmholtz, Oberbeck,
H. Jeffreys, Lord Rayleigh, G. I. Taylor,
E. T. Eady, H. L. Kuo, C. G. Rossby,
J. Charney, R. Fj0rtoft and N. A. Phillips.
The volume starts with the well-known
paper by Lord Rayleigh (1916) dealing with
cellular motion in a fluid uniformly heated
from below. This is the paper setting forth
for the first time the criterion for the socalled Benard motions. To demonstrate the
effect of the Earth's rotation, some fundamental papers of Taylor are included. The
final paper presents the work of N. A. Phillips in which a long-period numerical forecast is made with a two-level quasi-geostrophic model. Other topics discussed in
the book include : stability and instability
of a fluid heated from below ; instability of
a layer of fluid heated from below and subject
to Coriolis forces; symmetric toroidal motion
in the atmosphere ; inadequacy of symmetric theory as an explanation of general
circulation ; functions of cyclones in general
circulation; dynamics of long waves in a
baroclinic westerly current; long waves and
cyclone waves; dynamic instability of twodimensional non-divergent flow in a barotropic atmosphere; stability properties of
large-scale atmospheric disturbances ; the
forced flow due to heating of a rotating
liquid ; thermally driven motions in a rotating fluid.

It can be seen that the book contains a
good selection of the original material on the
subject of convection and its availability in
a single volume will be of great value to
research workers and students.
H. T.

OTHER BOOI<S RECEIVED

Progress in Radio Science I960-r963. (Proceedings of Commissions of the XIVth General Assembly of URSI, Tokyo, September I963.) Amsterdam, London, New York
(Elsevier Publishing Company) I965.
Vol. II -Radio and Troposphere. Edited
by F. du CASTEL. Price: D. fl.. 45.-;
go shillings ; DM. so.-.
Vol. II I - The Ionosphere. Edited by
G. M. BRoWN. Price: D. fl.. 35.-; 70 shillings ; DM. 39·-·
Vol. IV- Radio Noise of Terrestrial Origin.
Edited by F. HoRNER. Price: D. fl.. 27.50;
55 shillings; DM. 3I.-.

Vol. VIII- Space Radio Science. Edited
by K. I. MAEDA and S. SILVER. Price:
D. fl.. 37.50; 75 shillings ; DM. 42.-.
The Upper Atmosphere - Meteorology and
Physics. By R. A. CRAIG. New York and
London (Academic Press) I965. Price:
$I2.oo.
Principles of Structural Glaciology. By P. A.
SHUMSKII. Translated from Russian. New
York (Dover Publications Inc.) I964.
Price: $3.00.
Studien zur phanologischen A grarklimatologie
Europas. By E. FREITAG. Offenbach
(Deutscher Wetterdienst) I965.
Atmospheric Processes in the High Latitudes
of the Southern Hemisphere. By P. D.
AsTAPENKO. Translated from Russian.
Jerusalem (Israel Program for Scientific
Translations) I964.
Seminaire sur la protection contre les dangers
du tritium. Le Vesinet (Service central de
protection contre les rayonnements ionisants) I964.

CALENDAR OF COMING EVENTS
World Meteorological Organization
I- I2 November I965
I7 November- I4 December I965
29 November- IS December I965
6- I9 January Ig66

7- IS February Ig66
23 February- 4 March Ig66
8 March- 3 April Ig66

Other International Organizations
3- 12 November I965
IS- 20 November I965
I6- 22 November I965

22 November- 3 December I965
3- II January Ig66
4- I4 January Ig66
I - z6 February Ig66

Technical Conference on Meteorological Telecommunications in Africa, Tunis, Tunisia
Seminar on Numerical Weather Prediction,
Moscow, U.S.S.R.
Seminar on Aeronautical Meteorology in Latin
America, San Jose, Costa Rica
Commission for Aeronautical Meteorology, Working Group on the Publication and Study of
Aviation Forecasting Techniques, Geneva,
Switzerland
Regional Association V (South-West Pacific),
4th session, Wellington, New Zealand
Executive Committee Working Group on Antarctic Meteorology, Melbourne, Australia
Commission for Synoptic Meteorology, 4th session, Wiesbaden, Germany

4th session of the Intergovernmental Oceanographic Commission, Paris, France
II International Congress of Telecommunication
Techniques, Madrid, Spain
Scientific Group on Identification and Measurement of Air Pollutants (WHO), Geneva, Switzerland
Special Study Group A (Data Transmission)
(ITUjCCITT), Brussels, Belgium
IIth General Assembly and IVth Executive
Committee (ICSU), Bombay, India
6th Congress on Irrigation and Drainage, New
Delhi, India
sth European-Mediterranean RAN Meeting
(ICAO), Geneva, Switzerland
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During 1964 and 1965, the world's scientists
wiii extend their knowledge of the far
reaches of the upper atmosphere. From new
stations on land and sea, new studies will
be made of physical, dynamic and thermodynamic characteristics of the atmosphere
at levels between 17 and 60 kilometres.
W. R. Grace, as the world's largest manufacturer of meteorological balloons, will play
an important role in IQSY studies. DAREX
balloons have been developed to meet the
special requirements of the many phases of
atmospheric research.

W. R. GRACE & CO.

OVERSE AS CHEMICA L DIVISION
7 Hanover Square
New York, U.S.A.

Characteristics of three of the specialized
DAREX balloons scheduled to take an
important part in IQSY research are :
Balloon:
Burst diameter
Gas volume at
sea level (hydrogen)
Burst altitude
(with 1300 g
payload)

JII-925 JII-1750 JII-2400
8.1
11.3
12.2
metres
3.2
4.1
4.6
cubic
metres
31 km
35.8
37.2

If you are planning special atmospheric
studies during IQSY let us know your requirements. Our engineering staff is well
qualified to help you.

DAREX better balloons...
since 1935, world's leading makers of sounding
balloons, pilot balloons,
ceiling balloons, kite balloons, captive balloons,
inflation kits, radar reflective balloons, constant level balloons.

New weather radar atop Mt. Fuji
scans nearly all of Japan
Site on Mt. Fuji does job of 70 stations

Another Mitsubishi milestone!
A recently installed weather radar station atop Japan's famous Mt. Fuji,
3776 meters above sea level, vastly
increases Japan's weather tracking
potential.
With a radial sweep of 800 km, the
station now partly or completely
blankets a string of ten lesser stations
-and, in addition, extends the weatherman's vision hundreds of kilometers
farther out to sea. In typhoon-wracked
Japan the savings in lives and property
will be incalculable.
The radar pattern is received simul-

~

taneously both at the station and, via
microwave relay, at the Japan Meteorological Agency in Tokyo 100 km
away.
The entire system: Radar, microwave relay, and a specially built digital
telemete r-all remote controlled in
Tokyo-w as built by Japan's most
experienced electrical compan yMitsubishi Electric.
SPECS

Transmitt ing Frequency ........ 2880 MC/S
Transmitt er Power ...... 2MW NOMINA L
Max. Detectable Range .......... .. 800 km
Frequency Band ...... 6570 TO 6870 MC/S

CORP ORAT ION
MITSU BISHI ELECT RICTokyo.
Cable Address: MELCO TOKYO
Head Office: Mitsubishi Denki Bldg., Marunouchi,

For Your Upper Air Soundings

USE

THE

G.I.P.

HYDROGEN GENERATOR
(By ferro-silicon process)

Much more economical than aluminium or calcium hydride. Gas
production with no sudden increases in pressure. (Used successfully in Ade!ie Land.) Available in different models producing 3,
4 or 9 cubic metres by special patented ready-for-use refills.
Excess gas production impossible.
Most of the special expeditions for the International Geophysical
Year are being equipped with G.I.P. No. 3 hydrogen generators.

LA G.I.P.
SOCIETE DES GAZ INDUSTRIELS DE PROVINCE
USINE A SAINT- ETIENNE (LOIRE), RUE SCHEURER- KESTNER
(FRANCE)

High performance Beritex seamless Meteorological
Balloons are produced from top-grade rubber, manufactured throughout under strict laboratory control. Each
balloon is subjected to six separate inspection stages
and every 25th balloon is tested to destruction. Beritex
standards ensure top performance and reliability.
BERITEX SEAMLESS SOUNDING
BALLOONS · PILOT BALLOONS
CEILING BALLOONS AND
HIGH ALTITUDE BALLOONS
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Beritex

BELFORT
MANUFACTURES
METEOROLOGICAL,
HYDROLOGICAL
AND
OCEANOGRAPHIC
INSTRUMENTS

Send for our free

catalog

No. 1361A
WIND DIRECTION AND SPEED RECORDER

No. 5-FW-1
PORTABLE WATER STAGE RECORDER

No. 5-1135
THERMOGRAPH

(2 Pen Soil and Distance)

No. 5-800
MICROBAROGRAPH

BELFORT INSTRUMENT COMPANY
FOUR NORTH CENTRAL AVENUE
BALTIMORE

2,

MARYLAND,

U.S.A.

M ar co ni
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This low-p riced mete orolo gical radar
mittrans
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Frequency range
Peak power outpu t
Aerial
Beam width
Aerial rotation
speed
Displa ys

Displa y ranges

9415·9475 Mc/s
70 kW nominal (60 kW minimum)
6' parab olic dish
1.40

18 r.p.m.
12" PP\ high bright ness
(incor porati ng electr onic bearing
indica tors which preclude
parallax errors)
12%, 25, 50, 100, 150, 200 n. miles

M ar co ni meteorological radar
Division, Chelmsford, Essex, England
The Marconi Company Limi1ed, Radar

LTD/551
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Skua-the most reliable
system for measurements
at 70 km altitude
ARADAR -REFLE CTIVE, sonde- carry.1-l.ing parach ute ejected from a Skua
meteor ologica l rocket is open and responding to the wind 70 kilome tres up.

The 15-ft flying diameter parachute and 28 m/cs son de are part of
the standard instrum entatio n available for the Skua meteorological
system. This very reliable, exceptionally economic system for gathering
data from heights up to 80 km has
already been in service with the
British Meteorological Office for
over 12months.
5 in diameter, 90 in long and weighing
81 lb, the rocket will carry payloads up to
13 lb in weight or 500 cu in in volume. Its
British plastic propellant is very stable, consistent in performance and very economical.
Easily tracked by a moderately priced
radar, the rocket is given a high launch
velocity by means of a simple boost system.

The booste r itself descends by parach ute close
to the launcher, and can easily be recovered,
refilled and re-used.
Launching is effected from a simple,
hydraulically operat ed tube mount ed on a
vehicle, enabling it to be transp orted to practically any launch area.
Impac t point dispersion problems have
received particu lar attenti on with the Skua
system. As a result, dispersion areas are exceptionally small, even in high winds. This
permits the system to be used even in places
where the area available for the descent of the
empty rocket case is severely limited.
For further inform ation on the Skua
system, please write to: Bristol Aerojet
Limited, Ban well, Somerset, England.
.
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BRISTOLAE~

for accur ate elect rical
remo te readi ng of
air temp eratu re
soil temp eratu res at differ ent
depth s
relati ve humi dity
dew point
atmo sphe ric press ure
wind spee d and direc tion
wi~r or witho ut recor dino

The CO MB IM ET

modern meteorological station
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