


























CHAPTER 3 9

understand, and hence cannot represent mathematically
with confidence.

As an example of energy sources and sub-grid-scale
motions together, consider the flow of cold continental
air out over a warm ocean surface. Energy in the form
of heat (sensible and latent) and moisture is transported
across the interface. These fluxes, which may be relatively
uniform at the interface, become strongly concentrated
in cumulus towers. From the tops of these towers, radia­
tion is emitted to space, which mayor may not be a
factor in their destabilization and continued growth.
Mechanical processes transport momentum into the sea
surface at a rate dependent on the lapse rate of tempera­
ture and on the sea-surface roughness, but in turn
affecting both of these. The scale of all of these processes
is orders of magnitude less than the resolution of the
numerical grid network, and yet it is evident that in
altering the lapse rate, adding moisture, etc., they are
entering into the large-scale motions in a way which can
never be determined by the prediction scheme. In fact,
because of the basic assumption of the scheme that the
grid mesh interval constitutes an appropriate distance
for derivatives, a straightforward attempt to incorporate
these small-scale effects will eventually destroy the pre­
diction. Thus they must be introduced and represented
in a way which makes physical sense. We do not know
how to do this - in part, at least, because there have
been no, or insufficient, experiments yielding quantitative
information.

At this point it is appropriate to give a very brief
systematic survey of the three chief problem areas related
to the interplay between motions of different scales.
(a) An obvious requirement in every model of large­
scale flow is the adequate representation of energy sinks.
The land areas are rigid surfaces, and the air a fluid in
contact with it and moving relative to it. The atmo­
sphere has therefore a boundary layer, more complex
than that of a wind tunnel because of the earth's rotation
and sphericity. For purposes qfthis report, the planetary
boundary layer may be considered about one kilometre
thick. It is in a state of fully-developed turbulence, and,
as in the wind tunnel, it is a layer in which the rate of
kinetic energy dissipation is very high. Therefore the
boundary layer cannot be ignored in this connexion, but
the dynamics of this region is very different from that
expressed by the model equations. The primary processes
are those which transport atmospheric momentum ver­
tically into the earth and exchange heat and water vapour
with it - processes which exert a controlling influence
on the large-scale circulation.

By and large, atmospheric boundary-layer theory pos­
tulates a uniform surface-roughness and a neutrally­
stratified atmosphere. But, indeed, the most difficult

problems arise from the changing nature ofthe boundary­
layer, i.e. the fact that it cailllot in general be considered
to be in a steady state. Modifications for surface in­
homogeneities and static stratification are at the forefront
of research. When the surface "roughness" is of the
order of the height of the boundary layer itself (for
example, a mountain) an entirely new phenomenon, that
of the lee wave, appears, the dynamics of which is neither
that of the model nor that of the boundary layer, and
which has a small-scale mechanism of its own for trans­
porting momentum toward the earth from tropospheric
and even stratospheric levels. Not enough is known
about all these processes themselves, and even less about
their incorporation into the predictive models.

Further, evidence is accumulating that the free atmos­
phere has a great deal of fine structure, of which clear­
air turbulence has received the most attention. The
precise instability mechanism or mechanisms at work in
the free atmosphere, particularly near the jet-stream level,
have not been firmly identified, but the dissipation from
these sources cannot be ignored. (b) Convection and the
tropical heat source. Heat exchange by, say, subsidence
in the sub-tropical anticyclones, or by the transport by
a storm of cold air southward and warm air northward
- these processes are very well represented by the large­
scale predictive equations. They involve precisely the
dynamics that the equations were formulated to represent.

On the other hand, the evidence of our eyes tells us,
and measurements confirm, that great quantities of heat
and moisture are transported to the upper troposphere
and stratosphere by the large cumulus and cumulonimbus
towers.

One problem here is that convection may occur in a
number of circumstances, which probably have to receive
separate study and experimentation. There is convection
over a heated surface, as in summer cumulus over land
areas. These cumuli may be organized in moving squall
lines. Embedded in the cyclonic convergence areas of
extra-tropical storms are convective towers, and the total
rainfall will greatly depend on the number and intensity
of these. The trade-wind cumulus and marine-layer
stratus cover vast sub-tropical areas, and although they
are not very intensive and do not reach great heights,
they are responsible for a considerable exchange of heat,
momentum and water vapour with the ocean surface,
and the radiation from their tops may be quite important
in the large-scale dynamics. Finally, in the great heat
and moisture source of the tropical oceans, the situation
is even more complex. Here the surface heating cannot
be considered as the driving source, and the cumulus
towers cluster in mesoscale convergence areas. The
mechanism of their formation is not understood, nor
their role in the genesis of tropical storms. (c) Another
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essential area of knowledge is that of ocean-atmospheric
interaction. Undoubtedly the predictive models of the
near future will have to treat the oceans and the atmos­
phere as a single system. The transfers of heat momen­
tum and moisture through the interface are naturally
quite different from the corresponding processes over
land, and, further, the oceanographic data are extremely
meagre.

The scale of the interaction can vary from small effects,
as in the generation of surface waves by wind, to global
effects on climatic change. Recent research suggests that
anomalies in ocean-surface temperature can be reflected
in seasonal anomalies in atmospheric patterns at quite
distant places. This has made incorporation of ocean­
atmospheric effects all the more imperative for any seri­
ous predictive model.

3 .3 The incorporation of small-scale effects into the
predictive models

A few remarks are in order here to explain the problem
of scales of motion in the present context for those
unfamiliar with numerical methods, even at the risk of
over-simplification. As noted above, the large-scale pre­
dictive scheme uses the hydrostatic equation, which is
entirely appropriate to its grid-scale of 300 or so kilo­
metres, and this scheme could never give rise to, say,
cumulus convection or mountain lee waves, which are
violently non-hydrostatic, and have typical scales of five
kilometres. The vertical motions in these phenomena are
two orders of magnitude greater than those in the large­
scale cyclones (metres per second as compared with centi­
metres per second).

It is not that these non-hydrostatic phenomena are not
amenable to computation. They have been very success­
fully computed by appropriate predictive schemes, using
smaller space and time intervals, and these computa­
tions require as much memory capacity in the computer
as to the general circulation models. Given the develop­
ment in computer technology over the past 20 years, it
would be rash to forecast that we will never be able to
compute both scales in a single programme.

When one is computing a small-scale phenomenon,
the large-scale flow enters as a constant or slowly changing
given background. For example, a current of air with
certain given velocity and temperature profiles flows over
a mountain, and the resulting perturbed flow is computed.
This basic current may be due to a large-scale cyclone
which is moving eastward. The motion of the cyclone
cannot be computed; it must be given, or simply ignored
for the two hours or so that it takes the lee wave to
develop. This is simple to understand.

It is more difficult to deal with the sub-grid scale
motions when it is the large scale that is being computed.

One is accustomed to thinking of the statistical effect of,
say, Brownian motion without, of course, requiring the
motion of each molecule. However, the situation facing
us in this report is much more complex than that. In
the first place, the large-scale motion may determine or
affect the small: if there is no current against the moun­
tain, there is no lee wave; if there is strong subsidence,
convection is inhibited. And, in turn, the small-scale
motion (being small in scale but by no means in magni­
tude) affects the large scale: the lee wave reduces the
velocity of the large-scale flow by transporting it towards
the earth, and convection increases the temperature and
humidity of the upper levels at the expense of the lower.

Thus the task may be represented as follows. The
large-scale motion, at any instant in the computation,
is the background for such sub-grid-scale phenomena as
are determined by that particular synoptic situation.
These small-scale phenomena so determined are producing
feed-back into the large scale. These effects, averaged
over the large grid-scale, must quantitatively be introduced
into the predictive scheme. Thus this predictive scheme
proceeds from one time-step to the next, incorporating
the averaged effects of the small-scale motions, but with­
out ever computing them in detail. It follows that we
must understand the dynamics of the sub-grid-scale mo­
tions quite well, in order to obtain their averaged effects.
If the synoptic situation is favourable to cumulus con­
vection over a large region, how will the average lapse
rate - averaged over a large grid-square - be changed
by the convection? Some quantitative expression for this
must be determined, in terms of the large-scale flow. This
is called parameterization of the small-scale effect. Cur­
rent requirements of the predictive models are for far
more effective and refined techniques of parameterization
and covering a much wider variety of phenomena.

3 .4 The limits of prediction

For the moment let it be assumed that GARP has been
successfully completed, and that its data have been incor­
porated into as profound an understanding and as com­
plete a predictive scheme as is possible in our generation.
What may we expect from all this in terms of "results"?
For this discussion we may set aside the increased quality
and accuracy of predictions that are derived from the
increased density and extent of data coverage. This
improvement in prediction may be considerable and it
would be interesting to try to estimate it, but it is not
the main object of this report.

With all the above assumptions we still have three
major sources of error. One is in the input values of the
dependent variables - heights of pressure surfaces, tem­
peratures, etc. These may derive from instrumental error
or from interpolation at grid points by objective analysis.
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A second is the parameterization of the smaller-scale
phenomena. This is by definition a statistical procedure,
and cannot even theoretically be considered as exact.
The third is the predictive scheme itself, which is a finite
difference approximation of the true set of equations.
These errors, called "truncation errors", may be either
random or systematic; but they can be in principle reduced
by increasing the accuracy of the approximations.

Our question is as follows: what happens to the errors?
Do they remain ·of the same magnitude, or, as the pre­
diction goes on in time, do they grow until they obscure
the "true" prediction? This is a difficult question and
remains essentially unanswered. It might be thought
at first that as the computation proceeds the errors will
be smoothed out. But this neglects two properties of the
atmosphere, and these are such basic properties that
every model will incorporate them. One is instability,
or rather various kinds of instabilities; the other is non­
linearity. Obviously in a system permitting instability,
errors will grow in the same way as will valid data. The
non-linearity is important because in a non-linear system
wave-components interact to form new waves, and the
spectra of the fields change at each time-step of the pre­
diction. If we think of errors being concentrated chiefly
in the small scales, where the large network ceases tQ
resolve the motions, it follows that these errors will not
remain small-scale. Rather, they will interact with the
large-scale flow that we are trying to predict and by
distorting the "true" spectrum, render the prediction
invalid. This is a statement about the model. There is
a precisely analogous question often asked about the
atmosphere itself: can the flutter of a butterfly'S wings
in Rio de Janeiro change the weather in Bombay? or

somewhat more realistically, did the atmospheric nuclear­
weapon tests have a discernable effect on the layer-scale
flow pattern?

There is no doubt that instability and turbulence
(strong non-linear interaction) do have the effects stated,
both in the atmosphere and in the prediction models.
But we need to know how large the error has grown
after a given interval of time. This is referred to as the
problem of the predictability of the atmosphere. It is
being studied by mathematical techniques, too complex
to be discussed here, and by numerical experiments.
These take the following form. Observed data are entered
into a model and an extended prediction made. Then
a random error, in say, the temperature, is added to
each grid-point initial value, and the entire forecast
repeated. In the existing models, the two predictions
are fairly close to each other for about a week, and quite
far apart by three weeks. Since the models themselves
still represent only incompletely the physics ofatmospheric
influences, these experiments are indicative but incon­
clusive. This is as far as we have gone up to date in
determining the predictability of the atmosphere.

Of course, very long-range and climatic prediction is
not the prediction of a given day's weather map, but the
concern is rather for some set of statistics - the average
wintertime pressure field, for example. The existing
models can reproduce such an average chart, for example,
although their conventional forecast maps are often
inaccurate after 72 hours. Questions concerning very
long-range and climatic prediction must be precisely
formulated to be meaningful, and this work is in its
infancy. A major aim of GARP is to provide data which
will maximize the validity and usefulness of this research.
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4. 1 Global observing systems

At this point it is desirable to recapitulate the require­
ments of the long-range predictive schemes. The first
is a global observing system with large-scale resolution,
which would augment and improve the existing synoptic
network. The second is an increased understanding of
the smaller-scale phenomena and their feed-back effects
illto the large-scale flow. This must be achieved through
field experiments as well as analysis.

The two requirements can only be met by major under­
takings, essentially international in character, and it is to
implement them that GARP was established. Both
categories of observational programmes are part of
GARP, which is an integrated attempt to advance both
scientific understanding and practical forecasting.

The need for better data coverage is too widely accepted
to be belaboured here, but we may insist on emphasis on
the word "global". Quite aside from local benefits to
regions near formerly blank areas, the point is that the
predictive scheme relates every part of the atmosphere to
every other part, and the longer the time of the predic­
tion, the more extensive the interaction. For general
circulation and climatic prediction, global data are
absolutely essential.

Further, the question what is the optimum global
observing system? is not at all a simple one to answer
in view of the problems discussed in section 2.4. In fact,
one important purpose of GARP is to provide informa­
tion upon which an answer can be based. There are a
few additional problems which may be briefly discussed
here.

In the first place, many new or relatively new instru­
mental techniques are now available for use in an observ­
ing system. Considerations of cost-effectiveness enter
here and the whole area has been subjected to extensive
planning and research. Obviously, satellite techniques
will play an extensive role: soundings (by infra-red or
microwave) to determine temperature and water-vapour
profile, cloud-cover observations, computation of winds
from cloud motions, tracking of controlled-altitude bal­
loons, for example. It is not possible here to give all
idea of the astonishing range of new instrumentation
being considered; this will be covered in later GARP
publications. The mention of satellites and tracer bal­
loons does, however, bring out an important point:
whatever system is adopted, many observations will be

continuous, and the concept of the synoptic, in the sense
of the simultaneous, set of observations is now no
longer rel~vant. The concept which must replace it has
been termed "four-dimensional assimilation". Rather
than computing from one synoptic observation hour to
the next, the predictive scheme must be able to assimilate
arbitrary pieces of information at arbitrary times during
its integration. This new information may be at variance
with nearby data - which Will not in general be simulta­
neous with it - so the need will arise for some rather
complex interpolation and smoothing routines, in three­
dimensional space and in time. The forecast procedure
thus becomes a continuous operation.

Another vexing problem for a global observing system
is that of coverage in the vertical. The instrumental
techniques now basic to the existing system - balloons,
pressure and temperature sensors - have an effective
limit of about 30 km (12 mb). There is, of course, a
sparse meteorological rocket network, which extends this
limit to about 60 km (0.2 mb), but it is clear that any
attempt to establish a ceiling on the global observing
system above 30 km will require extensive and expensive
instrumental development. Further, it may be argued
that data from the upper one per cent of the mass of the
atmosphere cannot be essential for the development of
dynamic predictive models, which is the central purpose
of GARP. On the other hand, the region above 30 km,
and particularly the D-layer (60 - 100 km), is the least
explored of any in the atmosphere. The winter warmings
of the polar regions from 25 km upward are a phenome­
non that has attracted much attention, and stratospheric
and mesopheric observations may be required for its
understanding. Evidence from the ionosphere would
suggest that there are also many smaller-scale phenomena
of interest in these regions. The problem of the vertical
extent of the global observing system is still under
consideration.

The very difficult problems associated with the neces­
sarily coarse resolution of the global observing system
have already been discussed. They lead us naturally to a
consideration of the second category of observational
programmes which are sponsored by or associated with
GARP.

4.2 Smaller-scale experiments

. It would be out of place here to describe in any detail
the experiments planned by or suggested for GARP;
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these will be the subject for future GARP publications.
However, it may render the above discussions more
meaningful to mention the kinds of data that must be
acquired and how they might be used. It is at this point
that the difference between these experiments and the
global observing system becomes most apparent.

Experiments designed to improve the predictive models
by parameterization of sub-grid-scale phenomena must
of necessity be mesoscale experiments requiring special
observing systems. Nor can we design an all-purpose
mesoscale network for use in every experiment, since
different questions will be asked concerning the different
phenomena.

Consider, for example, an experiment which relates to
cumulus convection. A fundamental requirement is to
know where and how high the clouds are and where the
clear spaces are, at night as well as in the day. Thus
infra-red sensing from satellite, with a prescribed resolu­
tion, is clearly indicated. This particular probe facility
would have a much lower priority in, say, an investiga­
tion of gravity waves and clear air turbulence. On the
other hand, in both of these phenomena it is of the
greatest importance to measure with high accuracy the
vertical motion, so that aircraft with suitable instrumenta­
tion are required. Since the smaller-scale phenomena are
to be related to the synoptic situation, a region with a
good synoptic network should be selected, if possible.
Two sets of questions are then asked of each experiment.

(a) The first set will be a familiar one to the synoptic
forecaster: which smaller-scale effects are associated
with which synoptic situation? Some examples
follow:

(i) Is tropical cumulus associated primarily with
low- or high-level convergence patterns? The ·diver­
gence. fields must be carefully measured to answer
this, and thus extreme accuracy of winds is required,
possibly even greater than can be obtained by
existing observing methods;

(ii) How essential is the role of static stability or
instability in tropical cumulus-cluster formation?
Here accuracy and vertical and horizontal resolution
of radio- or drop-sonde measurements must be
greater than that of the synoptic network;

(iii) Is clear air turbulence definitely an instability
arising out of strong wind shear layers, and what is
the role of mountain-waves in triggering it? The
requirement here is for a considerable number of
instrumented aircraft, making horizontal passes,
with high resolution soundings to give data between
these levels.

(b) The other group of questions would be less familiar
in character, and thus care must be taken not to

ignore them in the designing of the experiments.
These take the form: what is the effect of the smaller­
scale phenomena on the synoptic-scale flow?
Examples follow.

(i) How much latent heat is released by a cluster of
cumuli? What is the mean vertical motion in the
cluster? The answers to such questions are essential
to a numerical modelling of the large-scale flow and
to an understanding of the role of the tropics in the
general circulation. Further they bring out the
magnitude of the required experiment, since it is
obvious that the investigation of individual cumuli
can never supply answers;

(ii) An organized small line of cumulonimbi and a
strong mountain wave both transport momentum
downward, that is, they increase the drag of the
earth on the atmosphere. It is expected that the
large-scale flow is appreciably affected by this
increased drag, but the effect must be expressed
quantitatively. The high-resolution winds from
aircraft and drop-sondes can provide this informa­
tion. (Obviously the synoptic network is inadequate
for this purpose.);

(iii) The existence of clear-air turbulence means that
dissipation of energy is taking place, that is, kinetic
energy is being transformed into heat. The quanti­
tative effect of this dissipation on the large scale
must be assessed. For this, the structure of the
turbulence must be known as well as the extent and
circumstances of its occurrence. Again, the aircraft
observations are essential, although indirect probing
is also desirable.

The above discussion of the experiments is deliberately
limited to simpler aspects of the problems and techniques;
it gives no indication of the scope of the design of the
experiment nor of the sophistication of the instrumenta­
tion. A true appreciation of this group of GARP pro­
grammes must await the more detailed reports.

Further in order to give a somewhat more concrete
idea of the GARP experiments, only a few areas of
investigation have been mentioned. Experiments involv­
ing the trade-wind inversion, the planetary boundary­
layer, and the very large and important area of ocean­
atmosphere interaction (over short and long time periods)
are of great importance and will, of course, be discussed
in the appropriate reports.

4.3 An integrated research programme: GARP

We are now in a position to bring together the various
GARP activities referred to in the foregoing, and to see
the programme as a whole.
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The main point to be emphasized here is that GARP
is an integrated programme with an over-all set of goals
and with every aspect of the programme related to these
goals. The goals themselves are scientific in character.
Here understanding and prediction go hand in hand: it
is not possible to improve and extend the forecasts or
to control the climate without understanding the physical
phenomena involved; nor can we test the scientific hypo­
theses with finality against any standard other than the
agreement of prediction with nature.

Within this integrated programme we shall single out
the following fundamental aspects.

First, for GARP we need to design and implement a
global observing system with special characteristics. This
is dictated by the needs a priori of the prediction models
and limited by the capability of the available models as
well as by more practical considerations. All feasible
techniques of acquiring the data are being considered.
At the same time, research with numerical models will
indicate whether the a priori estimates of data require­
ments were correct, so that adjustments can be made
accordingly.

Secondly, there are the small-scale experiments designed
to provide knowledge upon which a system must be
based for incorporating the effects of the phenomena of
this scale into the predictive equations. Here some of the
experiments will be international in character and organiz­
ed within the WMOjICSU framework (see Appendix 2),
but many will be research projects sponsored by coun­
tries, with their design formulated so as to contribute to
the GARP over-all programme. As one of the important
outcomes of these experiments, it is expected that they
will contribute to a much-needed improvement in our
ability to specify the smaller-scale phenomena from the
synoptic pattern - that is, to forecast them, on the basis
of the prognostic maps. Another contribution, as
described above, will be to provide the physical basis,
and the data, from which may be deduced a quantitative
description of their feed-back effect on the large-scale
circulation. One should think of this aspect of the pro-

gramme as continuing over a decade or more, with
experiments, which are not even envisaged at present,
being designed and carried out as needed.

Finally, at the core of the GARP activities is the
predictive computation from the theoretical models on
high-speed electronic digital computers. The global
observing system provides the input data; the small-scale
experiments provide the information upon which certain
very important features of the models are constructed._

The word "models" has been used in the plural. Even
with all the theory now developed and the experience
acquired, it is not possible to determine a priori which
of a number of technical model formulations will be
more satisfactory. Quite a number of groups will be
working in this area with a variety of model structures.

The prediction from observed data, as has been men­
tioned, will be a continuous operation incorporating or
assimilating data reports at arbitrary times and from
arbitrary spatial locations in the atmosphere. These data
must fit into the finite four-dimensional grid of the
system and be adjusted to the existing fields by some
assimilation technique. The forecast procedure thereby
becomes a continuous operation in time.

These computations are thus at the same time a tool of
basic research and a system for providing the best fore­
casts of which the science is capable. And as they con­
tribute to research, that is, to deeper understanding and
to improvements of the models, the forecasts will cor­
respondingly improve. Here the term "forecast" is to
be taken in its most general sense - including short­
range detailed local weather facts and statistical estimates
of climatic trends and oscillations. One important
aspect of this work is an assessment of the limits of
prediction inherent in the atmosphere as discussed in
section 3.4. It is expected, as GARP develops, that we
shall be in a position to know with some confidence
the type and extent of the predictions that are possible
and, as a consequence, how much control of the behav­
iour of the atmosphere is within our grasp.



APPENDIX I

HOW GARP CAME ABOUT

The launching of the first artificial earth-orbiting
satellite, SPUTNIK I, on 4 October 1957, and of the mete­
orological satellite EXPLORER VII, on 13 October 1959,
opened a new dimension in observational capacity.

The primary function of the meteorological satellite
appeared, at the beginning, to be the tracking of observing
platforms and the transmission of information from their
sensors. Advances in the theory and the technology of
radiometric measurements made it evident, however,
that the potentialities of spacecraft in probing the entire
atmosphere were such that a truly global system could
be developed which would satisfy the scientific require­
ments for observational data and would, at the same
time, be economically feasible.

Parallel developments took place in the field of elec­
tronic computers and in the simulation of the atmo­
spheric motions by mathematical models. Theoretical
considerations and numerical experiments provided
more and more evidence that the behaviour of the atmo­
sphere over periods from a few days to a few weeks can
be understood only if the macroscale circulations of the
atmosphere are studied globally, i.e. as a single physical
system where every part is interacting with every other
part. The testing of these ideas and thereby the applica­
tion to the prediction of atmospheric motions over
extended periods of time could only be carried out if
meteorological observations were available over the
entire globe.

Thus, the developments in numerical modelling,
electronic computers and satellite meteorology showed
that the situation was ripe for an appreciable advance in
the understanding of the atmospheric circulation and
for an integrated attack on a sound physical basis on the
problem of long-range forecasting.

In June 1962 the National Academy of Sciences of the
United States of America issued Publication No. 946
which included a report transmitted by the Academy, on
October 1961, to the President's Office of the country,
on prospects for developments in the atmospheric
sciences during the decade 1961 - 1971. The report pro­
posed the establishment of: (a) an International Atmo­
spheric Science Programme; (b) an International Mete­
orological Service Programme; and (c) a World Weather
Watch to provide global coverage of data needed for
meteorological research and services.

The ideas contained in this report were at the origin
of Section C of Resolution 1721 (XVI) adopted by the
General Assembly of the United Nations on 20 Decem-

ber 1961, cm International Co-operation in the Peaceful
'\ Uses of Outer Space. It reads as follows:

"The General Assembly,
"Noting with gratification the marked progress for
meteorological science and technology opened up by
the advances in outer space,
"Convinced of the world-wide benefits to be derived
from international co-operation in weather research
and analysis,

"1. Recommends to all Member States and to the
World Meteorological Organization and other appro­
priate specialized agencies the early and comprehensive
study, in the light of developments in outer space, of
measures:
(a) To advance the state of atmospheric science and
technology so as to provide greater knowledge of
basic physical forces affecting climate and the possi­
bility of large-scale weather modification;
(b) To develop existing weather forecasting capabilities
and to help Member States make effective use of such
capabilities through regional meteorological centres;

"2. Requests the World Meteorological Organization,
consulting as appropriate with the United Nations
Educational, Scientific and Cultural Organization
and other specialized agencies and governmental and
non-governmental organizations, such as the Inter­
national Council of Scientific Unions, to submit a
report to its member Governments and to the Economic
and Social Council at its thirty-fourth session regarding
appropriate organizational and financial arrangements
to achieve these ends, with a view to their further
consideration by the General Assembly at its seven­
teenth session;
"3. Requests the Committee on the Peaceful Uses of
Outer Space, as it deems appropriate, to review that
report and submit its comments and recommendations
to the Economic and Social Council and to the General
Assembly."

In response to this resolution, WMO submitted its
First Report on the Advancement of the Atmospheric
Sciences and their Applications in the Light of Develop­
ments in Outer Space. The two leading countries in
space research, the U.S.A. and U.S.S.R., sent top-level
experts to Geneva, for several weeks, to assist WMO
in the preparation of this report. Among them were
Academician V. A. Bugaev and Or. H. Wexler who
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had conceived the first idea of a World Weather Watch.
The proposed general plan of action endorses the idea
of a World Weather Watch (WWW) and the establish­
ment of a network of world and regional weather service
centres arid telecommunication systems. The following
preliminary list of research problems was suggested as
being of prime importance and worthy of efforts on an
international scale:

"(i) Problems in connexion with solar and other
external influences on the earth's atmosphere and
the interaction between upper and lower atmo­
sphere;

(ii) Problems on the general circulation and heat
balance;

(iii) Problems on numerical weather prediction;
(iv) Medium and long-range forecasting."

The problems of international co-operation in the
peaceful uses of outer space were again discussed by the
United Nations General Assembly at its seventeenth ses­
sion, and on 14 December 1962 it adopted Resolution
1802 which in its Part III states the following:

"1. Notes with appreciation the prompt initial re~

sponse of the World Meteorological Organization to
the request of the General Assembly, as embodied in
Resolution 1721 (XVI), that it report on a programme
to advance atmospheric science research and to develop
improved weather forecasting capabilities in the light
of developments in outer space;
"2. Calls upon Member States to strengthen weather
forecasting services and to encourage their scientific
communities to co-operate in the expansion of atmo­
spheric science research;
"3. Recommends that the World Meteorological
Organization, in consultation with other United
Nations agencies and governmental and non-govern­
mental organizations, should develop in greater detail
its plan for an expanded programme to strengthen
meteorological services and research, placing particular
emphasis on the use of meteorological satellites and
on the expansion of training and educational oppor­
tunities in these fields;
"4. Invites the International Council of Scientific
Unions through its. member unions and national
academies to develop an expanded programme of
atmospheric science research which will complement
the programmes fostered by the World Meteoro­
logical Organization;
"5. Invites United Nations agencies concerned with
the granting of technical and financial assistance, in
consultation with the World Meteorological Organi-

. zation, to give sympathetic consideration to -requests
from Member States for technical and financial assist~

ance to supplement their own resources for these
activities, including the improvement of meteorological
networks;

"6. Requests the World Meteorological Organization,
following its Congress in April 1963, to report to the
Committee on the Peaceful Uses of Outer Space, and
to the Economic and Social Council at its thirty-sixth
session, on steps taken relating to these activities."

United Nations Resolution 1802 started two closely
related lines of action. The first, taken by WMO, was
developed within the framework of the World Weather
Watch concept. The second, taken by the International
Council of Scientific Unions through the International
Union of Geodesy and Geophysics (IUGG), would lead
to the formulation of an integrated programme of
research: the Global Atmospheric Research Programme
(GARP). Both ways of action finally converged in the
agreement reached by WMO and ICSU in October 1967.

The second, third and fourth WMO Reports on the
Advancement of Atmospheric Sciences and their Applica­
tion in the Light of Developments in Outer Space were
issued respectively in 1963, 1964 and 1965. The fifth
and final report in this series summarizes the develop­
ments in the planning of the WWW (section Il, para­
graph 1, page 2) as being conducted in three phases, the
first of which consisted in "a design study of the general
characteristics of the three components of WWW,
namely the Global Observational System, the Global
Telecommunication System and the Global Data Pro­
cessing System, including the location and functions of
World and Regional Meteorological Centres".

In the meantime, WMO had established an Advisory
Committee whose terms of reference included:

"To advise the Executive Committee on:
(a) Principal research problems in the atmospheric

sciences, especially in connexion with the application
of meteorological satellites, and ways of promoting
this research including methods of ensuring the
availability of data for research;

(b) Proposals volunteered in support of (a), including
projects originated outside WMO;

(c) All scientific aspects of the objectives set forth in UN
Resolutions, including 1721 (XVI) and 1802 (XVII)."

The Advisory Committee held its first session from 20
to 24 January 1964. The Committee considered that
"Appendix D of the Second Report on the Advancement
of Atmospheric Sciences and Their Application in the
Light of Developments in Outer Space comprises a com­
prehensive list of the scientific problems of meteorology."
And added: "The Committee undertook the more limited
task of selecting a number of items which, by virtue of
their importance or imminence, may be assigned the
higher priority." The items were grouped under the
following headings:

Atmospheric composition and structure
Solar and other external influences on the earth's
atmosphere
Interaction between upper and lower atmospheric
layers
Interaction of earth's surface and atmosphere
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General circulation and budgets of energy, momentum
and water vapour
Cloud and precipitation physics
Atmospheric pollution
Weather prediction
Modification of weather and climate
Research in sensors and measuring techniques

In June 1964, the International Council of Scientific
Unions (ICSU) established the ICSU/IUGG Committee
on Atmospheric Sciences (CAS) "to act on behalf of
ICSU, and in concert with the other Unions, Commis­
sions, Scientific and Special Committees, and National
Committees of the ICSU family, in responding to United
Nations Resolution 1802 which invited ICSU to develop
an expanded programme of research in the atmospheric
sciences that would complement the programmes fostered
by the World Meteorological Organization (WMO)".

The ICSU/IUGG Committee on Atmospheric Sciences
held its first session in Geneva from 8 - 11 February 1965.
Following a general discussion of atmospheric research
problems of a global nature, the Committee addressed
its attention to the specific problem of describing and
understanding the global atmospheric circulation in the
troposphere and lower stratosphere (below 30 kilo­
metres) that had previously been proposed by the Inter­
Union Commission on Atmospheric Science (lUCAS)
as "one of the most important and most difficult scientific
problems in meteorology".

The general recommendation made by the Committee
reads as follows:

"In the light of these considerations, and with full
recognition of the scientific and technological problems
that must yet be resolved, the committee proposes
a major international research and development pro­
gramme be directed at observing, understanding -and
predicting the general circulation of the troposphere
and lower stratosphere. The specific details of the
entire programme will have to be developed over the
next year or two in consultation with individual
scientists and with international and national organi­
zations, both governmental and non-governmental.
The principal elements of the theoretical studies will
involve:

-(i) Formulation of the specific dynamical models,
with due regard to radiation, to be used in studying
the atmosphere over the globe - or at the very least
over an entire hemisphere.
(ii) Development of methods for expressing the
turbulent fluxes of heat, momentum and moisture on
both the microscale and the mesoscale in terms of
large-scale parameters, and for introducing them
into dynamical models.

"The principal elements of the observational pro­
gramme will include:
(i) Specification of the observational requirements
on a world-wide basis for a full-scale experimental
programme.

(ii) The development and testing of the sensors and
sensing systems that will be required for the research
programme.
(iii) Development of the necessary telecommunication
system.
(iv) Observational programmes of a regional nature,
with particular emphasis on tropical areas, to support
the theoretical studies directed at appropriate repre­
sentation of turbulent fluxes.
(v) A full-scale observational programme for a
limited period of time during which the observations
responsive to specific scientific needs will be collected
over at least one hemisphere. (The southern hemi­
sphere appears to be particularly attractive for this
purpose.)"

At the second meeting, held in April 1966, the ICSU/
IUGG Committee on Atmospheric Sciences decided to
propose to WMO, Member Nations, ICSU and IUGG
and their committees, commissions and working groups
that 1972 be designated as a twelve-month period for an
intensive, international, observational study and analysis
of the global circulation in the troposphere and lower
stratosphere (below 30 kilometres). It also proposed that
prior to the international programme for 1972, a large
number of preliminary studies shouid be planned and
completed. These would include: studies in the tropics;
theoretical and observational studies of the sea/air and
land/air exchange processes; development of improved
techniques for incorporating the radiative transfer of
energy into dynamical models of the general circulation;
development of scientific design specifications for the
global observational programme.

The Committee adopted the name of Global Atmos­
pheric Research Programme, and the acronym GARP,
to designate the proposed programme of research.

The concept of GARP was readily accepted by the
WMO Advisory Committee and had a profound influence
in the subsequent WMO plans referred to research
problems to be associated with the WWW. The Fifth
Report issued by WMO in response to United Nations
resolutions (August 1966) introduces "the research pro­
gramme" as "a further element of the World Weather
Watch". In Part VI, "Research problems", the report
devotes considerable attention to the proposals of the
ICSU/IUGG Committee on Atmospheric Sciences.

The WMO Advisory Committee at its fourth session
(March 1967) made the following comments and recom­
mendations:

"Through joint meetings and otherwise, the Advisory
Committee has ( ... ) maintained close liaison with the
ICSU/IUGG Committee on Atmospheric Sciences,
which in turn has advanced and refined the concept
of a Global Atmospheric Research Programme
(GARP). The discussiori at the recent session of
the ICSU/IUGG Committee on Atmospheric Sciences
on the future organization of GARP, as reported to
the Committee, clearly demonstrated that there is



18 AN INTRODUCTION TO GARP

strong support for the idea that all phases of the
organization of this large enterprise should be jointly
organized by ICSU and WMO, in accordance with the
spirit of Resolution 1802 (XVII) of the General Assem­
bly of the United Nations.

"The Advisory Committee regards the GARP as an
integral part of the World Weather Watch, which has
been developed by WMO for the benefit of present and
future research and operational needs of all nations.
The Advisory Committee therefore strongly recom­
mends that the WMO now agree jointly with the ICSU
to sponsor GARP, a programme of special scien­
tific researches on global meteorological processes."

The choice of the year 1972 as a target date for the
global experiment appeared very soon as excessively
optimistic. Furthermore, the idea of a single global
experiment was gradually abandoned. It became evident
that the objectives of GARP could not be reached in a
single attempt, much less if it were made within such a
short period of time. The mise au point of the new tech­
nology to be used in the satellite measurement system
and superpressure balloon-satellite systems could hardly
be expected to be ready for the global experiment by 1972.
In addition, the mathematical models of the atmosphere,
the prediction capabilities of which would be tested by
the global observing system, were still in need of consider­
able improvements which could only be brought about
by the results of specific research projects which should,
in turn, be co-ordinated under several GARP Sub-pro­
grammes.

At the invitation of the ICSUjIUGG Committee on
Atmospheric Sciences (CAS), 53 meteorologists from
13 nations met at Skepparholmen, near Stockholm,
from 28 June to 11 July 1967, to consider the problems
stated above. The meeting - the GARP Study Confer­
ence - was jointly organized by CAS and COSPAR
with the co-sponsorship ofWMO. Its task was to formu­
late the basis for a global experiment of the type described
above; to indicate the research that should be carried out
before such an experiment could be performed; to

establish the observational requirements for the experi­
ment; and to determine the technical feasibility of its
implementation. The GARP Study Conference analysed
these problems very thoroughly and arrived at the
conclusion that it would be necessary to have several
GARPs, or rather that GARP ought to become a long­
term programme, without a definite foreseeable end
date, which would include several global experiments
each of which should also be considered as a GARP Sub­
programme. The report of the conference was widely
distributed and become a standard text of reference
providing, in a form not found elsewhere, a clear presen­
tation of existing knowledge and of the outstanding
problems over a large area of the atmospheric sciences
directly connected with the GARP objectives.

The ICSUjIUGG CAS held its fourth session imme­
diately after the GARP Study Conference and accepted
its recommendations. The Committee also considered
the WMO proposal to co-sponsor GARP and recom­
mended to IUGG and ICSU that an agreement be
signed with WMO to that effect. The agreement (see
Appendix 11) was approved by the WMO Fifth Congress
and by the ICSU Assembly and was signed by the Presi­
dents of both organizations in October 1967. As a conse­
quence, the Joint Organizing Committee on GARP
(JOC) was established. The WMO Advisory Committee
and the ICSUjIUGG Committee on Atmospheric
Sciences were subsequently dissolved. The JOC became:
"the main scientific organ for the consideration, endorse­
ment and recommendations on all proposals relating
to GARP and its Sub-programmes."

The JOC met for the first time in April 1968 and
reviewed the previous work of the ICSUjIUGG Com­
mittee on Atmospheric Sciences and of the WMO
Advisory Committee. GARP was precisely defined and
the necessary stages through which the planning for
GARP should proceed were clearly indicated. The
recommendations of the JOC were approved with minor
amendments by the Executive Committees of WMO and
ICSU. The accepted definitions are reproduced in
AppendiX 11.
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WMO AND iCSU ON GARP

I. - AGREEMENT
BETWEEN THE WORLD METEOROLOGICAL ORGANIZATION

AND THE INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS
ON THE GLOBAL ATMOSPHERIC RESEARCH PROGRAMME

The WORLD METEOROLOGICAL ORGANIZATION and the
INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS,

RECOGNIZING that modern scientific and technological
developments, notably in the field of satellite meteorology
and in the use of high-speed electronic computers for
meteorological purposes, present an opportunity for
unprecedented progress in man's understanding of the
atmospheric processes and for applying such knowledge
for practical purposes; and

NOTING that the nations of the world, through the
medium of the General Assembly of the United Nations
(Resolutions 1721 (XVI) and 1802 (XVII)) and in other
ways, have called upon WMO and ICSU to take appro­
priate action to ensure that this opportunity is taken for
the benefit of all countries;

BEING MINDFUL of the Working Arrangements agreed
upon by the two organizations which specify that "the
two organizations, with a view to facilitating the attain­
ment, in the most effective and economical manner, of
the objectives set forth in their respective constitutions,
will act in close co-operation, "

AGREE:

(1) To sponsor jointly a Global Atmospheric Pro­
gramme (GARP) as outlined in the First and Second
Reports of the ICSU/IUGG Committee on Atmospheric
Sciences (CAS) and the Reports of the Third and Fourth
Sessions of the WMO Advisory Committee; and to this
end

(2) To develop and to keep under review a jointly agreed
programme of activities for the planning and implemen­
tation of GARP, including GARP SUb-programmes,
taking into account the three major elements of GARP,
namely, determination of scientific objectives and content
of programmes, design of observational and logistical
systems, and the implementation of the whole programme
including data acquisition, processing and analysis;

(3). To establish a joint GARP Organizing Committee
for the following purposes:

(a) To consider, to endorse and to recommend jointly
to ICSU and WMO scientific goals and plans for GARP,
including Sub-programmes, that are considered essential

prerequisites in defining the scientific requirements of
GARP (this will include defining detailed experimental
objectives and operational requirements for their imple­
mentation);

(b) To recommend to WMO those techniques and
procedures developed in GARP programmes that may be
applied in the operation of WWW;

(c) To recommend to WMO the manner in which the
scientific requirements of GARP can best be supported
by the operation of WWW.

AGREE further:

(1) That the Joint Organizing Committee shall be
constituted according to the following principles:

(a) It shall consist of not more than twelve scientists
selected by mutual agreement between WMO and ICSU;
the composition of the membership of the Joint Organiz­
ing Committee to be reviewed jointly by the WMO and
ICSU four years after the establishment of the Com­
mittee. The Committee will be convened, in the first
instance, by a Convenor designated by the Presidents of
ICSU and WMO. A chairman will be elected by the
Committee initially for a term of four years;

(b) It shall be regarded by both organizations as the
main scientific organ for the consideration, endorsement
and recommendations on all proposals relating to GARP
and its SUb-programmes;

(c) It shall be supported by both organizations as
agreed;

(d) It shall be authorized to select and convene working
groups, special study groups, to select consultants, etc.,
within its field of responsibility, within the plans and
budgets approved annually by the appropriate Com­
mittee of each organization and taking into account
existing technical and scientific groups in both organiza­
tions; *

(e) In pursuing its planning efforts it shall keep the
relevant bodies of ICSU and WMO fully informed of its

* As far as implementation of joint projects is concerned, the
normal WMO procedures as defined in the "Basic Documents"
of WMO will apply unless agreed otherwise between ICSU and
WMO.
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activities, and it shall take full and appropriate consid­
eration .of the expressed interests of such WMO and
ICSU bodies, including Technical Commissions and
advisory bodies;

(j) It shall guide the activities of a small full-time
Joint Planning Staff;

(g) It shall meet at least once annually.

(2) The detailed procedures specified in the annex to
this agreement shall be followed in the practical applica­
tion of this agreement.

(3) The Joint Planning Staff for the Global Atmospheric
Research Programme should consist of personnel recom­
mended by the Joint Organizing Committee and approved
by WMO and ICSU, and should:

(a) Formulate, for the Joint GARP Organizing Com­
mittee and in accordance with the scientific objectives
established by it, detailed plans for GARP, including
GARP Sub-programmes;

(b) Provide secretarial assistance for the Joint GARP
Organizing Committee;

(c) Assist in the preparation of reports and supply
information concerning GARP as directed by the Joint
GARP Organizing Committee;

(d) Follow up the implementation of GARP, including
GARP Sub-Programmes, sllbmitting to the Joint GARP
Organizing Committee adequate information concerning
the degree of fulfilment of the objectives, within the
approved plans.
(4) The Secretary-General of WMO shall be responsible
for the administration of the finances and the provision
of services for the Joint Organizing Committee and Joint
Planning Staff in accordance with procedures approved
by the Executive Committee of both WMO and ICSU.
He will consult the Treasurer of ICSU on any important
questions that may arise.

EXPRESS THE VIEW that only by such a collaborative
effort can the GARP be successfully executed.

Signed at Rome, Italy
on the tenth day of October, 1967

(Signed) J. M. HARRISON
President,

International Council of Scientific Unions

(Signed) Alf NYBERG
President,

WorId Meteorological Organization

Decisions

Implementation
of decisions

Annex to the Agreement

Procedures to be followed in implementing the Agreement

All major decisions affecting the implementation of GARP shall be taken jointly by the
two organizations. Such decisions may relate to pilot projects, preliminary experiments,
the main programme and any other major form of activity which might foster the com­
mon aim.

The methods of implementing such decisions shall be agreed jointly. In some cases,
implementation may be on a joint basis (e.g. a joint conference); in others one or other _
of the two organizations may, by mutual consent, accept sole responsibility. In the case of
joint projects, the procedures and methods adopted shall conform to the basic constitu­
tions of both organizations. If the implementation requires action by another body or
organization, the request will be submitted to that body by one or other of the organiza­
tions but in the name of both. All pruposals from the Joint Organizing Committee
should clearly indicate the method of implementation recommended.

Il. - DEFINITION OF GARP
(Adopted by the Executive Committees of WMO and ICSU)

In recent years rather remarkable progress had been
made in formulating physico-mathematical models of the
atmosphere treated as a fluid dynamical system and in
using powerful computers to integrate the governing
thermo-hydrodynamic equations to simulate and forecast
the behaviour of the atmosphere. In parallel with this,

the development of the meteorological satellite has
introduced a dramatic new observational capability.
Several countries now produce objective numerical
forecasts of the evolution of weather systems over periods
of 2 - 3 days and these are rapidly superseding traditional
methods of forecasting the main features of the pressure,
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temperature and wind fields, at least in middle latitudes.
Using very complex models of the global atmospheric
circulation, it has been possible to simulate the major
features of the world's climate and to conduct numerical
experiments which strongly indicate that it should be
possible to produce reliable forecasts of the major
features of the weather for at least one week ahead.

But this cannot be realized without an adequate
coverage of meteorological observations over the whole
globe including oceanic and tropical regions. The World
Meteorological Organization is already operating an
observational system but it is at present inadequate in
coverage and performance for the above purpose. An
improved system, the World Weather Watch, is being
evolved to meet this requirement. It is based on a global
observation system, including satellite observations, a
global telecommunication system, and a global data­
processing system based on a number of world and
regional centres that will, in general, use powerful com­
puters to process the observational data and produce
numerical weather analyses and forecasts on the global
and regional scales.

However, in order to produce reliable forecasts for
more than 2 - 3 days ahead, it will be necessary to
improve our understanding of a number of atmospheric
processes that determine the evolution of weather on the
time scale of a week or more and to incorporate these
processes more realistically into the numerical models.
Also, a great deal of investigation will be required to
establish the optimum observational network to meet
this requirement. The formulation of realistic physical
models of the atmosphere and the optimum design of the
observation system are the main objectives of the
GLOBAL ATMOSPHERIC RESEARCH PRO­
GRAMME which is a joint programme of WMO and
ICSU.

The programme's ultimate goal is a scientifically sound
physical basis for long-range weather prediction. The
operational part of the World Weather Watch at present,
and its expected structure in the future, is the responsi­
bility of the nations of the world which operate it through
the World Meteorological Organization. The GARP
effort is not an operational programme but a research
effort which will involve many atmospheric scientists and
technologists from government services and laboratories,
universities and industry from many countries. The plan­
ning of this activity is being co-ordinated by the lOC.
As the promise of GARP is completed and demonstrated,
appropriate modifications and extensions will be incor­
porated into the operational part of the WWW as needed
and funded.

The Global Atmospheric Research Programme (GARP)
is thus a programme for studying those physical pro­
cesses in the troposphere and stratosphere that are
essential for an understanding of:

(a) The transient behaviour of the atmosphere as
manifested in the large-scale fluctuations which

control changes of the weather; this would lead to
increasing the accuracy of forecasting over periods
from one day to several weeks;

(b) The factors that determine the statistical properties
of the general circulation of the atmosphere which
would lead to better understanding of the physical
basis of climate.

This programme consists of two distinct parts, which
are, however, closely interrelated:

(i) The design and testing by computational methods
of a series of theoretical models of relevant aspects
of the atmosphere's behaviour to permit an increas­
ingly precise description of the significant physical
processes and their interactions;

(ii) Observational and experimental studies of the
atmosphere to provide the data required for the
design of such theoretical models and the testing
of their validity.

GARP SUB-PROGRAMMES

In order to improve the understanding of the physical
and dynamical basis for formulating appropriate models
of the large-scale circulation of the atmosphere, and in
order to specify suitable observing systems for the
purposes of GARP, it will be necessary to establish cer­
tain auxiliary programmes. These will be known as
GARP Sub-programmes and may consist of projects of
both a theoretical and an experimental character. Such
programmes, which will be of an essentially international
character, will be formulated under the supervision of the
lOC and each will consist of individual'projects which
may be international, national or the responsibility of an
individual research organization. For example, particular
GARP Sub-programmes will be concerned with boundary
energy fluxes, radiation transfer processes, and transfer
processes in the tropical atmosphere.

GARP Experiments will consist of large observational
programmes designed to determine the behaviour of the
whole atmosphere or some part of it relevant to a particu­
lar SUb-programme. The GARP Global Experiments
will be designed to provide data necessary to examine
fully the general circulation of the atmosphere over a
period of the order of a year on the basis of which the
adequacy of numerical models of the atmosphere can be
tested. .

Similarly, other GARP experiments, such as the pro­
posed tropical observing experiment or the stratospheric
warming experiment, will be designed to provide data
which will provide a basis on which models of particular
atmospheric processes can be formulated and tested with
a view to their incorporation in the ultimate description
of the general circulation of the atmosphere to be derived
from GARP and also in forecasting schemes based
upon it.
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In. - STAGES IN PLANNING AND IMPLEMENTING GARP SUB-PROGRAMMES
(Approved by the Executive Committees of WMO and ICSUj

PHASE A: Scientific requirements
The objective of this phase is to prepare a clear state­

ment of the specific problems to the solution of which
the GARP Sub-programmes are directed. The outcome
of this phase would provide all the necessary information
to design the field experiment or experiments, such as
location, timing (initiation and duration), type and
density of observations to be taken.

The primary responsibility of this phase rests on the
JOc. The actual work is to be carried out by the JPS
with the assistance of consultants or, alternatively, by a
working group of specialists in the field.

PHASE B: Planning of observational programme
The task of this phase is to produce an integrated plan

which includes all the observing systems needed to meet
the requirements established in Phase A, taking into
account all existing facilities in the operational WWW
system.

The work should be carried out by the JPS in close
collaboration with the WMO Secretariat. The JOC has
a supervisory role and has to submit the plan for the
observational programme for approval by the Executive
Committees of WMO and ICSU.

PHASE C: Planning the implementation
This phase would require the establishment of a plan­

ning body, such as a working group or an internatiomil
committee, whose members have experience in the
logistic aspects of atmospheric field experiments and are

. related to .the governmental agencies which would be
involved in the implementation of the sub-programme.

The JOC has to perform a co-ordinating role in so far
as there will be interaction and feed-back between
Phases A, Band C.

The appropriate planning body is to be appointed by
the Executive Committees of WMO and ICSU and will
be assisted as required by the JPS and the WMO Secre­
tariat.

PHASE D: Implementation

The primary responsibility during the implementation
phase rests on the participating countries.

For this stage, and perhaps starting already at Phase C,
it may be necessary to appoint a project manager. The
JOC would act at this stage in an advisory capacity as
regards the actual implementation but would retain
responsibility for ensuring the scientific direction of the
programme.

PHASE E: Research and evaluation
It is expected that the research problems for which

each sub-programme is supposed to provide specific
answers will be undertaken by various research groups
in the universities, the academies and the Meteorological
Services. The evaluation of the results would be their
primary responsibility. The JOC would have a co­
ordinating role and would be responsible for submitting
to the Executive Committee a consolidated report with
recommendations for further action.




