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I.
I. I

ORGANIZATION OF THE SESSION

Opening of the Session

The tenth session of the Joint Organizing Committee was opened by its Vice-Chairman,
Professor P. Morel. He expressed gratitude to the Meteorological Service of the Hungarian
People's Republic for the invitation to meet in Budapest.
Professor More I said that the death of Academician V.A. Bugaev was deeply felt by the
scientific community in general and by the Committee in particular. During his association
with the Joint Organizing Committee, Academician Bugaev had made a considerable contribution
to the success of its work.
In his opening remarks, the Vice-Chairman welcomed Academician E.K. Fedorov as a
new member of the Committee. He mentioned that Academician Fedorov was well-known in the
scientific as we1 I as in the international community.
Professor Istvan Lang, Deputy Secretary-General of the Hungarian Academy of
Sciences, welcomed the members of the Committee and the invited participants to Budapest and
expressed his pleasure to the Committee for having chosen the capital of his country as
the site of the meeting. He said that GARP was undoubtedly the biggest concerted
scientific effort ever launched.
Dr. R. Czelnai, President of the Meteorological Service of the Pepple's Republ ic
of Hungary, in welcoming the participants said that the documents distributed prior to the
session contained evidence of the importance and the great magnitude of the problems which
the Committee had to deal with.
Dr. Czelnai read a message addressed to the Committee by Professor F. Bruno Straub,
Vice-Presiaent of ICSU. In his message Professor Straub assured the Committee of tAe good
wi II and international support ofICSU.
The list of participants is given in Annex A.
1.2

Approval of the Agenda
The final agenda of the session is given in Annex B.

1.3

Election of Officers of the JOC

Following the rules of procedure given in the Agreement between WMO and ICSU on
the GARP, that two Officers should be elected annually, the following two members were
unanimously elected: Academician E.K. Fedorov and Prof. J. Smagorinsky.
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2.

JOC-IX.

REPORT OF THE CHA IRMAN

Professor Morel, Vice-Chairman of the JOCJreported briefly on the events since
The most important action items taken involving JOC are presented below.
The JOC Officers met in Geneva, 20-24 May 1974, and in Stockholm 19-22 August 1974.

At their meeting in Geneva the Officers took note of the discussion by the TEB
that the JOC should provide experts for the Experiment Review Board for the GATE. It was
decided that Prof. V.E. Suomi, Prof. R. Reed and Dr. I. Sitnikov should serve on this
Board.
The Officers furthermore considered the arrangements which need to be made with
regard to the organization of the post-field phase of the GATE activities. The recommendations made by the Officers regarding these matters were subsequently considered at the
XXV Ith sess ion of the WMO Execut ive Comm i ttee (see Sect ions 4.2 and 4.3),
The JOC Officers had been informed about the changed time schedule for the launch
of the TIROS N and some of the geostationary meteorological sateJ lites. On the basis of
this information the Officers recommended a revised time schedule for the Global Experiment
which later was consi'dered by the WMO Executive Committee and the Inter-governmental Panel
for the FGGE (c.f. Section 5.4).
At the Officers' meeting in Stockholm it was decided that Dr. S. Schneider should
be appointed as an additional member of the WGNE and that he should serve as a co-leader
of the WGNE component coordinating group on Physical Processes (see Section 3. I).
The Officers also agreed at this meeting, which was held in conjunction with the
International Conference on the Physical Basis of Climate and Climate Model I ing, that
Prof. B. Bolin should represent JOC on the WMO E.C. Panel on Climatic Changes.
The JOC was represented at the following meetings which have been held since the
last session in Canberra:
Meeting on Drifting Buoys for the FGGE
Geneva, 5-7 March 1974

Dr. R.W. Stewart

Sixth Session of the Tropical Experiment Board
Geneva, 8-11 Apri I 1974

Prof. V.E. Suomi

Third AMTEX Study Conference, Tokyo, 8-10 May 1974

Prof. B.R. D66s

IVth Coordination Meeting on Geostationary Meteorological
Satel lites, Geneva, 13-18 May 1974_

Prof. B.R. D66s

WMO Panel on Meteorological Sate I lites
Geneva, 13-22 May 1974

Prof. P. More I
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XXVlth Session of the WMO Executive Committee
Geneva, 23 May-13 June 1974

Dr. R.W. Stewart

15th General Assembly of ICSU, Istanbul,
18-27 September 1974

Prof. B. R. D55s

1st Session of the E.C. Inter-governmental Panel
on the FGGE, Geneva, 7-1 I October 1974

Dr. R.W. Stewart
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3.

THE NUMERICAL EXPERIMENTATION PROGRAMME

The Chairman of the Working Group on Numerical Experimentation, Prof. A. Wi inNielsen, reported to the Committee on the activity of the Group since its ninth session.
The tenth session of the Working Group was held in August 1974 in Copenhagen, Denmark.
The report of the session is given in Annex C.
3. I

Membership of the Working Group

In concurrence with the decision of the JOC Officers' Meeting (August 1974),
Dr. S. Schneider has been appointed as an additional member of the Group and should serve
as a co-leader of the WGNE component co-ordinating group on Physical Processes.
3.2

Observing Systems Simulation Experiments

In response to the request of the JOC more realistic observing systems simulation
experiments examining the FGGE data requirements have been carried out recently at the UK
Meteorological Office, Bracknel I, and at the National Center for Atmospheric Research,
Boulder. The control data sets for these experiments were generated by the most sophisticated models avai lable at each institution. The observing systems simulation experiments
were carried out with different models involving lower resolution in the NCAR experiments
and lower resolution along with different physical parameterizations in the Bracknel I
experiments. These differences are designated to simulate major sources of errors in
operational models. The experiments were designed to study the relative importance of the
special observing systems planned for the FGGE taking into account more real istic
observational errors for the space observing system (L. Bengtsson and P. More I : "The
Performance of Space Observ i ng Systems for the FGGE").
The U.K. experiments carried out most recently differ from earl ~er experiments because
the technique of simple updating has been replaced by more refined, although sti I I crude,
updating procedures. The updating techniques are based upon optimum interpolation in space
in order to reduce the shock effect resulting from simple insertion. In addition, the
analysis procedure relies to a limited extent on the incorporation of "climatological"
information, where the "climatology" in these experiments is defined as the 30-day average
of the control computation.
So far only one model has been used in the OSSE employing optimum interpolation.
It is therefore possible that the results a,-e model dependent to some extent. It is thus
important that other models are used to repeat the experiments. Nevertheless the results
of these experiments mentioned above show that considerable reduction of wind, temperature
and pressure errors can be. achieved by such improved analysis techniques.
The results of these new observing systems simulation experiments were used by
the JOC inreviewing its recommendations for the need for the Special Observing Systems
for the Global Experiment (see Section 5.2).
3.3

GARP Study Conference on Four-dimensional Assimi lation

The Committee noted that an adequate choice of data assimi lation methods is of
vital importance for improvement of the qual ity of numerical schemes and felt that the
most promising way to achieve this improvement would be to apply four-dilTllllnsional data
assimi lation.
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The Corrmittee agreed that a GARP Study Conference should be organized in order to
stimulate research within this problem area. It was felt that such a conference should be
organized already in 1975. The Director of JPS was requested to take the necessary action.

3.4

Report on the Status of Four-dimensional Assimi lation of Meteorological Data

The Committee was informed that the JOCconsultant, Dr. L. Bengtsson,has completed
the report on the status of four-dimensional assimi lation techniques. This report wi I I be
published in a near future in the GARP Publications Series.
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4.

4. I

~nd

THE GARP ATLANTIC TROPICAL EXPERIMENT (GATE)

of Fie Id Phase

As an introduction to the discussion on GATE, Dr. Kuettner, the Director of the
International Scientific and Management Group (ISMG), gave a short review of the observational phase of the experiment. A complete report on the field observations wi I I be presented
by ISMG in the beginning of 1975.
The Committee emphasized the importance that this report should bring out the
experience gained by the participants in the field experiment, so that it can be shared by
the scientific community at large.
The Committee noted with pleasure the splendid relationship and esprit de corps
that existed among the participants of the field phase of the experiment. The superb
international collaboration was a credit to all concerned and serves as a fine example of
the harmony which can be achieved in an international scientific enterprise. It serves
also as an encouragement to consider even more ambitious and large scale exercises when
these can be of benefit to mankind.
The Committee congratulated Dr. Kuettner and his col leagues for a job wel I done.

4.2

Tasks Remaining after the Field Phase

At its XXVlth session in June 1974, the WMO Executive Committee noted that JOC
and TES were in general agreement on the tasks which would:Temain after the field phase.
These tasks were defined as fol lows:
(a)

To prepare a record of the field operations;

(b)

To co-ordinate the activities of the various GATE sub-programme data-processing
centres (SDCs) concerned with implementing the Data Management Plan of GATE and to
ensure the or.derly flow of data between them and the production of the final data
sets in a form suitable for analysis and use by the international scientific
community;

(c)

To co-ordinate and review progress in the research carried out by national
institutes and groups on the GATE data with a view to ensuring that the data are
fully analysed, interpreted and exploited in a comprehensive and balanced manner,
so that the scientific objectives of GATE are achieved to the ful lest possible
extent;

(d)

To ensure that a comprehensive synthesis of the major scientific results of GATE
is prepared and published;
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(e)

To arrange, in conjunction with other interested bodies, international symposia
and conferences to discuss the results of GATE;

(t)

To review the experience obtained in planning, organizing and implementing GATE
and to draw any necessary lessons that may be valuable for the planning of any
simi lar experiments in the future.

4.3

The JOC Panel on GATE

The WMO Executive Committee decided at its XXVlth session to authorize JOC to
expand the membership of the JOC Panel on GATE to include additional representatives
nominated by WMO and ICSU. The expanded Panel met with representatives of ISMG and the
Experiment Review Board in Dakar, 9-13 September 1974. The report of this meeting is
given in Annex D. The findings of the Panel are summarized briefly below:
4.3. I
Despite the possibly marginal performance of the shipboard wind soundings using VLF
and Omega systems, there is good reason to believe that the datacolleeted during GATE will
prove more than adequate for achieving the basic objective of the experiment, namely, the
definition of the convective scale-synoptic scale interaction. In addition they wi I I provide
a wealth of information on al I aspects of tropical meteorology and on atmospheric processes
which are of universal importance and interest.
The basis of this judgement wi I I be found in the final report of Professor R. Reed,
a member of the Experiment Review Board, who was present at Dakar during the entire field
operation of .GATE. This report is attached to the report of the JOC Panel on GATE (Annex D).
The Committee expressed its appreciation to Prof. Reed for his excel lent and
informative report on the GATE activities.
4.3.2
It was noted that ISMG is collecting prel iminary data sets consisting of:
- A- and B-sca le map ser ies and se Iected aircraft tracks wh i ch wi I Ibe ava i Iab le
on 35 mm microfi Im
Unval idated WWW GATE ship surface and upper air data collected over GTS to be
made avai lable on digital magnetjc tapes.
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- Miscellaneous observations including:
B-scale hourly surface observations
Selected radar photographs
Satel I ite photographs
Summary of aircraft mission documentation and catalogues.
The Committee approved the recommendation of the Panel that
(i)

ISMG informs the scientifio oommunity in good time of the availabllity and oosts
of these preliminary data sets and the date of their release;

(ii) the WDCs should take those steps needed to ensure that films and tapes are ready
for meeting requests without delay.

4.3.3

Progress in the attainment of the GATE objectives wi II depend crucially on the
activities of the Data Sub-programme Centres and, in the case of the central programme
objective, on a proper coordination of these activities.
This coordination wi II be most effectively brought about if the main initiative
is defined as the responsibi lity of the GARP Activities Office.
In order to ensure that suffioient ooordination is achieved between the various
groups concerned~ the Committee recommends that meetings are convened with representatives
of each of the Sub-programme Data Centres (SDCs) ~ appropriate advisors from each of the
sub-programme areas and representatives of the JOC Working Group on Numerical Experimentation.
These meetings will provide the main means of ensuring aontinued oontact between data centres
and data users. The principal functions of these meetings should be:
(i)

to review progress and advise on any problem areas which arise

(ii) to determine priorities in the implementation of the data management
(iii) to resolve conflicts as they arise.

4.3.4

GATE Publications

The Panel was provided with information about the plans for the publication of
GATE Data and the expected time of the avai labi I ity of these data (see AnnexO, section 4. I)
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The Panel was also informed that a GATE Data Bulletin is planned to be issued in
USA for national use.
The Committee agreed that ideally such a bulletin should have an international
origin. It was realized, however, that in view of the workload on the ISMG this is presentIy not poss i b Ie. The Committee therefore recommended~ as an interim solution~ that the us
Data Information Bulletin be distributed internationally under ISMG sponsorship until
Jl MaY'ch 1975.
After I Apri I 1975 the GAO should issue an "International GATE Data and Information
Bulletin" on a continuing but irregular basis. The Sub-programme Data Centres (SDCs)
should make brief reports to GAO at approximately 3-monthly intervals about the status of
data process in g.
4.3.5
The Panel noted that various proposals are already being made for the organizaHon
of symposia and study conferences related to GATE (see Annexo, Section 5). In view of the
need for such symposia to be coordinated as far as possible, the Panel agreed that it should
assist in the coordination of these activities.
4.3.5.1
The Panel noted the proposal by JOC and its Working Group on Numerical Experimentation that a GARP Study Conference on the Development of Numerical Models for the Tropics
should be organized.
The Committee agreed that the Conference be held in the beginning of 1976 and that
an organizing committee be established with the following membership:
F. Bushby
T.N. Krishnamurty
L. Bengtsson
H.C. Hoeber
I. S itn i kov

Chairman

Dr. T. N. Kri shnamurty shou Id be i nvi ted to prepare a .programme for the Conference.

The Committeeagreed to the viewpoints (presented in the report of the Panel) on how
the results of the GATE could be exploited to the benefit of meteorologists in tropical areas
and supported the proposal made that a Tffiining Seminar on Tropical Meteorology be organized
in a tropical country in late 1977.
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4.3.6

At the XXVlth session of the WMO Executive Committee, it was decided that the
ISMG should cease to exist on 31 March 1975, after completing the record of the field
phase of GATE. In order to carry out the remaining tasks a separate unit for GATE should
be estab I i shed with i n the GARP Act Iv ities Off ice <GAOL
The Executive Committee further decided that this GATE component of GARP shoul.d
consist of one senior scientist who would exercise a scientific coordinating role to
ensure that the overal I scientific objectives of GATE are pursued, and one expert in data
management to perform the necessary coordination of the data processing activities of the
five Sub-programme Data Centres for GATE and ensure the timely submission of comprehensive
data sets to the World Data Centres.
The JOC reviewed the qual ifications for the two Scientific Officers, as stated
by the JOC Panel on GATE.
In view of the importance of the activities in the post field phase of GATE, it
was emphasized that very well qualified persons be recruited for these two posts. In
order to obtain the widest possible selection of potential candidates, the Committee felt
that the applicants should not be restricted only to those individuals who have been involved
in the planning of and 'participation in the field operation of GATE.
The Committee further considered the recommendations made by the JOC Panel on GATE
and agreed to the following formulations of the main responsibi lities of these two individuals.
(i)

The GATE Scientific Coordinator wi I I
_ be the consultant to the international scientific
exploiting the GATE data base

community interested in

- be the continuing spokesman for GATE
_ provide ful I-time I iaison and staff assistance to relevant groups
_ provide continuity to the planning of the Global Experiment.
(i i) The GATE Data Coordinator wi I I
_ be the expert advisor on the work of the GATE SUb-programme Data Centres, acting
as a consultant to these Centres when reqaired.
_ prepare periodic progress reports on the work of each data centre;
_ act as liaison officer between the Sub-programme Data Centres (cf. Section 5.1);
_ prepare comprehensive data catalogues and ensure their adequate distribution.
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4.3.7

The Committee approved the fol Jawing new membership of the JOC Panel on GATE:

Representatives of JOC:

Prof. V. E. Suomi
(Chaj rmari)
Prof. R. Reed
Dr. I .Si tni kov
Prof. M. Yanai
The Chairman of the JOC Working Group
on Numerical Experimentation or his
representati ve

Representative

Prof. R. Pearce

(CAS)

Prof. G;O.P. Obasi
Prof. W. Oiling
Prof. G. Siedler

(I

of WMO:

Representatives of ICSU

AMAP)
(SCOR)
(SCOR)
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5.
5. I

THE GLOBAL EXPERIMENT

The Inter-governmental Panel on the FGGE

The Committee reviewed the draft report of the first session of the WMO Executive
Committee Panel on, the FGGE <October 1974>' In particular the following recommendations
were considered which were addressed to the Committee.
(i)

The Panel requested the JOC to review its recommendations for requirements for
Basle and Special Observing Systems, in the I ight of the most recent observing
systems simulation experiments, and also the declared intentions of Members
represented on this Panel to contribute to these systems (see Section 5.2 below).

(i i) The Panel requested theJOC to further analyse the detai Is of the schedule,
particularly the special observing periods (see section 5.4 below).
(ii i) The Panel recommended to the JOC that it suggests the terms of reference for a
consultant who should be engaged for the further specification of observational
requirements for research related to the second GARP objective (see sec~ons7.5.2
and 7.6 below).

The Committee noted that the Panel had requested that the Members of WMO should be
provided with the recommendations of this Panel and the JOC-X and whatever supplementary
information may be avai lable that would clarify and deflne the roles which individual Members
can have in the several GARP programmes.

The Committee requested its Chairman~ Dr. R.W. Stewart~ to present the recommendations of the JOC in conjunction with the discussion of the FG~ at the Seventh World
Meteorological Congress in Z975.

5.2

Review of Reguirements for the Basic and Special Observing Systems

The Committee reconsidered the requirements for various special observing systems
in the I ight of the results of the recently carried out observing systems simulation
experiments. On the basis of the discussion presented below it was concluded that no
substantial changes of the observational requirements ought to be made.
(a)

Polar Orbiting Satel lites
Desp ite the fact that temperature prof i Ies rece ived from sate I I Ite megsurements
have not yet fulfi I led the stated accuracy requirements, they can yield
valuable
information provided more adequate methods for four-dimensional data assimi latlon
are app lied. In th is connex Ion it vias emphas i zed that the hor i zonta I temperatu re
gradients can be extracted from the satel I ite observations with sufficient accuracy.

(b)

Geostationary Sate I lites
The Committee noted that the new possibi lities to determine winds using both
visible and infrared data from geostationary satel lites appear to be rather
promising. Although this wi I I lead to an improved resolution of the wind
determinations from the geostationary satel I ites, it does not imply a reduction
of the requirements for the special observing system providing wind profi les in
the equatorial tropics.

JOC-X Report, p. 13
(c)

Special Observing System for the Equatorial Belt
The observing systems simulation experiments have assumed that supplementary winds
were avai lable in the tropics over the oceans with a horizontal spacing of approximately 1000 km and at 12-hour intervals. Based upon information avai lable at the
moment it appears necessary that vertical wind soundings in the tropics are
obtained from a network of carrier bal loons and from ships to supplement the basic
WWW network and wind observations obtained by tracking clouds. The Committee
recommended that experiments of this kind be continued to refine the observational
requirements with respect to horizontal and vertical spacing and the frequency.

It is also important to uti I ise existing data to establish to what extent the
structure of the tropical atmosp.here can, be determined by a rel?tively coarse network of
vertical soundings. The Geophys1-cal Flu1-d Dynam1-cs Laboratory(NOAA/USA) has agreed to
conduct a study of the adequacy of the A-scale qbserving network in this respect.
(d)

Special Observing Systems for the Southern Hemisphere
JOC noted the results from some prel iminary observing systems simulation experiments and the accumulating experience in numerical analysis and prediction using
real data in the southern hemisphere. This experience suggests that VTPR data
have I ittle value unless the inversion from radiances to temperatures is based
on a real istic forecast first guess temperature profi le, and unless a reference
level is used. In practice only thefore,cast surface pressure field has been
used as a reference level. Conventional synoptic data and sUbjective interpretation of satel lite video cloud patterns are used in conjunction with VTPR data.
Most analyses obtained in this way are notably deficient in their representation
of strong high level winds, particularly i~e sub-tropical jet-stream. In the light
of these reports, JOC re-affirms the statement made at previous meetings that
there is a very strong need for both drifting buoysand constant level bal loons as
part of the cOmposite observing system for the southern hemisphere.

JOC recommended that the Australian Numerical Meteorology Research Centre provides
information regarding the
usefulness of sea surface pressure and/or lower stratosphere balloon data (wind 3 pressure) in the analysis of the southern hemisphere circulation.
For the buoy system two versions of a buoy array were examined: loose network with
1000 km spacing in the area 20 0 -65 0 S; and dense network (500 km apart, 50 0 -650 S).
The experiment indicated that better overal I results can be obtained with the
same number of buoys by using a loose rather than dense network.

The Committee .recommended that the WGNE further analyse the results of the
existing Observing Systems Simulation Experiments on a regional basis and give
quantitative comments on the performance of the various feasible
observing platform arrangements.
5.3

The FGGE Data Management

5.3. I
The Committee was informed about the organization of the FGGE Data Management
Meeting which is suggested to'be held 7-11 Apri I in Washington, D.C.
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The Committee reviewed the main objectives of the meeting:
- to prepare an implementation plan for the FGGE data management system
- to identify the additional resources needed at the WMCs in order to accompl ish
the FGGE data process i ng req ui remen ts
- to study the expected capacity of the GTS
- to study satel I ite telecommunication systems as a possible back-up or supplementary faci I ities
- to define the effort needed for archiving and distribution of the FGGE data sets.

The Committee decided that Prof. J. Smagorinsky and Prof. P. Morel should represent
the JOC at this meeting. Dr. L. ·Bengtsson was nominated as a representative of the Working
Group on Numerical Experimentation.
The Committee suggested that one or two experts on satellite telecommunications
should be invited.
5.3.2

The Committee endorsed the proposal to organize special observing systems management bodies to monitor and command bal loon and buoy launching, to maintain information on
the systems' status, to co-ordinate activities of processing centres, etc.

The Committee recommended that the FGGE Data Management Meeting give careful
consideration to this problem and .define terms of reference of such management bodies for
carrier balloon~ constant level balloon~ and drifting buoy systems.
5.3.3

The geostationary satel lite system to be used during the FGGE wi I I be virtually
composed of five geostationary satel I ites belonging to four operators.
Therefore, the processing of geostationary satel I ite data wi I I be carried out
using different hardware and software and possi!}ly different wind determination methods.
The Committee felt that it ~Iould be extremely important to .ensure the consistency of data sets thus obtained and recommended that geostationary satellite operators
be requested to indicate methods and facilities which are to be used for wind
determination.

The Committee further recommended that geostationary satellite data processing
centres be encouraged to maintain direct contact to achieve a maximum compatibility of data.
5.3.4

Telecommunication Problems

The Committee noted with concern that at present no reliable meteorological
communication links exist in some areas of the globe.
This has been particularly proved .during the GATE when a substantial part of
synoptic and upper-air data from land stations in certain regions has not been obtained
because of insufficient capacity and inadequate management of GTS in these regions.
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The Committee expressed the opinion thatthe situation may be significantly improved
by using satel I ite telecommunications and also by the establ ishment of a "feed-back" mechanism
by which stations could be interrogated for delayed or lost data.

The Cormnittee recommended that a consultant be engaged to study these matters and
prepare a report to be submitted to the FGGE Data Management Meeting.
The Committee further requested its Chairman to emphasize the telecommunication
problems in his report to the Seventh World Meteorological Congress, underlining the
influence of the inadequacy of the GTS on the success of the FGGE.
5.4

Time Schedule for the Global Experiment

The Inter-governmental Panel on the FGGE requested the JOC to further analyse
the time schedule for the FGGE.
The Committee discussed this matter and found that the choice of the first
Special Observing Period from the beginning of January to late February, made at the JOC
Officers' meeting in August 1974, is well motivated and should not be changed.
The discussion related to the choice of the Second Special Observing Period.
Two alternatives were considered:
(i )

15 May -

30 June

(i i)

I June -

15 J u Iy

It is desirable that over the MONEX area the Special Observing Period be carried out·
during the entire period 15 May - 15 JUly.
The Committee agreed that the choice and duration of the period depend on to what
extent the observing systems needed for the Global Experiment should contribute to MONEX.
Care should be taken that the interests of the Global Experiment would by no means be
jeopardized.

The Committee recommended that Prof. S. Manabe be asked to study this problem and
report to the next JOC Officers I meeting.

5.5

Oceanographic Programmes for FGGE

5.5. I
The need for oceanographic data during the FGGE is dictated by the extant knowledge of the nature of the ocean's reaction to the atmosphere. The atmosphere
reacts mainly to the interfacial temperature; how it varies depends not only on
the heat, momentum, and water exchange across the interface, but also on the transfer
mechanisms within the ocean. The depth of the reacting ocean layer increases with time span,
but can vary greatly with geographical location and season. Even for periods of the order
of a day there may be smal I diurnal variations of the sea surface temperature of the order
of several tenths of a degree. In some exceptional cases, very rapid and substantial
reactions of the surface of the ocean to changes of wind stirring can give rise to dramatic
short period changes in sea surface temperature, such as in the eastern equatorial oceans.
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In general, however, changes in sea surface temperature begin to become significant after a week or two. Changes at this high frequency range are mainly the result of
vertical transfer processes in the upper mixed layer and the seasonal thermocl ine. This
mixed layer is 10 to 50 meters in depth in the summer and extends down to the permanent
thermocline (typically several hundred meters deep) after erosion of the seasonal thermocline in the winter. The prime oceanic parameter control ling these changes is the density
stratification. For seasonal changes of the sea surface temperature, advective processes
in the mixed layer and seasonal thermocline become important.
For this and longer time scale the problem of predicting the ocean reaction
becomes far more difficult, both in the data required, for example current information, and
in the complexity of the participating dynamical processes, i.e., those control I ing the
meso-scale eddies, which may be important in some regions of the ocean.
For.sti I I longer time scales, the dynamical processes are probably not much more
campi icated, but the reaction depth increases. So for interannual variabi I ity, data
within the permanent thermocl ine, down to about 1000 meters, would in principle be required.
It would be hoped, however, that progress in oceanographic research coulu eventual Iy make it possible to simplify the problem of accounting for oceanic reaction for
atmospheric model ling purposes by suitable parameterizations that minimize the detai I in
the structural data needed from the oceans.
It is clear therefore that ocean reaction plays a non-trivial role for the first
GARP objective as wel I as the second, albeit the latter is a considerably more difficult
prob lem.
Limited, though nevertheless fruitful, atmospheric experiments can be performed
by a knowledge of the time dependent variation of the sea surface temperature distribution
appl ied as a boundary condition without any understanding as to how and why the ocean
responded. But for the ful I understanding necessary to assess atmospheric predictabi lity
over the broad spectrum of time scales concerning GARP, appropriately coupled joint models
of the atmosphere and ocean are necessary as wel I as the data to go with it.
The FGGE must therefore encompass oceanic observational programmes that wi I I make
it possible, together with the atmospheric data, to conduct global forecast experiments over
various time scales as wel I as to provide the fundamental -mechanistic information necessary
to construct viable parameterizationsof the reacting ocean.
Classes of Observations

5.5.2

There are three classes of observations:
(i)

Global sea surface temperature distribution, from which frequencies higher than
several days have been removed without al iasing - e.g. from satell ite platform.

(ii) Vertical ocean structure of temperature, sal inity and current in the upper 200
meters with relatively coarse horizontal resolution in a large contiguous basin,
e.g. by making use of the existing IGOSS programme of bathythermographic
soundings.
Near-surface current measurements ~ith standard moored instruments present
difficulties because of al iasing problems and nonlinear noise induced by surface
mooringstations but these could perhaps be avoided by tracking floats. Recent
advances in model I ing vertical transfer processes in the mixed layer and
seasonal thermocline make a large scale experiment of this ·kind timely.
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(i i i l

Time dependent response studies of intense currents such as the western boundary
or equatorial currents, especially where strong periodic forcing occurs, such as
in the monsoon. These would be particularly relevant for computation of the heat
flux carried to higher latitudes by the mean ocean circulation.

Recent estimates by Vonder Haar and Oort indicate that 40% of the planetary net
radiation budget in the tropics is transported by ocean currents to higher latitudes, and
a major fraction of this is absorbed by the oceans in the equatorial zone ± 100 latitude.
Inasmuch as up to 60 ships wi II be required during the special observing periods of the
FGGE, there is an exceptional opportunity to obtain better estimates of ocean heat transport
processes.
5.5.3
An effective oceanographic programme for FGGE needs to be closely coordinated
with the overal I FGGE planning and requires therefore a close cooperation between
oceanographers and meteorologists. The investigation of the feasibi I~ty and optimal strategy
for possible oceanographic experiments wi I I need to be based on numerical experiments,
either with oceanic models using atmospheric inputs or with coupled ocean-atmosphere models,
a strong interaction between bothdiscipl ines. Beyond these immediate
and also requires
concerns, such an interaction could be fruitful for a number of common problems concerning
the second GARP objective. For example, a central problem in climate model I ing is deriving
a suitable closure procedure to parameterize synoptic scale disturbances in low-resolution
atmospheric models. The same prob lem arises with sti II greater urgency in ocean model I ing,
where highly energetic barocl inic eddies are of such a small scale (100-200kml that they
cannot normally be resolved even with high resolution circulation models. Whether these eddies
play an important role at al I latitudes is sti I I an open question.
5.5.4

Recommendation

-------

The JOC requests that the ad hoc working group on Coupled Atmosphere-O~ean Models
(see sections 7.3. land 7.5. l) in consultatiOn with the SCOR WG 47 on Oceanograph~c Programmes
for the FGGE (and other relevant SCOR Working Groups) prepare a plan to be presented at
JOC-XI fop the implementation of an oceanographic programme for FGGE.

5.6

The FGGE Pamphlet

The Committee agreed that every possible action should be taken to bring the
importance of the First GARP Global Experiment to the attention of al I concerned, in
particular those engaged in the planning and implementation of national eeonomic and
scientific activities in various countries. With this in mind the Committee agreed that
this aim could be achieved through the pUbl ication of a suitable pamphlet. Such a booklet
should be prepared for use by non-special ists and should contain information on the
purposes of the FGGE as an integral part of GARP. This pamphlet should be given the
widest possible distribution.

The Committee requested the Director of the JPS to arrange for such a pmnphlet
to be prepared as soon as possible.
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6.
6. I

OTHER GARP SUB-PROGRAMMES AND RELATED PROJECTS

The Air-Mass Transformation Experiment CAMTEX)

Prof. K. Gambo presented a report on the preliminary results from the first
field phase of the AMTEX and the ongoing planning of the second field phase.
6. I. I

The First Field Phase - AMTEX'74

The first field observational phase of the experiment was carried out in the area
of the Southwest Islands of Japan during the period 14-28 February.
Upper-air observations from 3 ships and 6 land stations were made every 6 hours;
surface observations from 33 JMA land stations were incorporated; oceanographic observations
from 5 ships and 5.7 cm radar observations at 5 land stations and on 2 ships were made. In
addition to these observations, efforts were devoted to various special observations
including boundary layers of the atmosphere and the ocean, radiation, cloud and precipitation.

A Field Operation Centre was set up at the Meteorological Observatory on Okinawa
Island in the centre of the area to provide information and advice to observation stations
and groups participating in AMTEX. The data observed at 00 GMT were collected and analysed
in near-real time at the Field Operation Centre. Most of the observations were performed
successfully following the original plan.
The only disappointing feature of the first field phase was that for most of
the observing period warm southerl ies existed over the area of the experiment. Cold northwesterl ies which were the synoptic features of primary interest appeared on Iy towards the
end of the first field phase.
Most of the observational data obtained from this experiment are being publ ished
in the AMTEX'74 Data Report.
6.1.2

The Second Field Phase - AMTEX'75

The second field phase of the AMTEX is planned to be conducted during the period
14 February - I March 1975. The observational plan wi I I be the same as in the 1974
exper iment.
6. 1.3
~ ~y.!!!p~s..!..u.!!!~n_t.b.e_~T~X is being planned to be organised in conjunction with the
next sess i on of JOC in Tokyo.

6.1.4
JOC noted with pleasure the exeell~nce of the planning~ the field operation and
the documentation arising from AMTEX which maintains the ve~ high standard being set by
the Japanese Management Committee.
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6.2

The GARP Monsoon SUb-programme

The Second JOC Study Conference on the Monsoon Experiment (MONEX) was held in
Singapore, 28 October-I November 1974. Prof. J. Smagorinsky presented the report of this
Conference which is given in Annex E.
Subsequent to the discussion the Committee agreed to the following conclusions and
recommendations for the further planning of MONEX.
6.2. I
In view of the scale and value of the phenomena the main components of the MONEX
have been grouped under the categories A, Band C (see the table below):
Gr>oup A:

Inter>hemispher>ic Inter>action dU:t'ing Nor>ther>n Hemispher>e Winter>
Inter>action of Monsoon Cir>culation and other> Cir>culation Regimes
dU:t'ing the Nor>ther>n Hemispher>e Summer>
Heat Sour>ces

Gr>oup B:

Or>ogr>aphic Effects (Himalayas 3 Wester>n Ghats 3 Ar>akan 3 etc.)

Gr>oup C:

Monsoon Distur>bances 3 Ar>abian Sea Studies (Air-Sea Inter>action 3
Inver>sion Layer> and Low-level Jet over> the West Ar>abian Sea).

Gr>oup AIC:

Onset of the Monsoon .
Active and Br>eak Monsoons.

6.2.2
Fir>st pnonty:

Inver>sion layer> and low level jet over> west Ar>abian Sea

Se cond pnor>i ty :

(a)

Bay of Bengal Monsoon depr>essions (4.7. l) and mid-tr>opospher>ic
distur>bances (4.7.2).

(b)

China Sea If1I!dium scale distU:t'bances (4.7.3).

Thir>d pr>ior>i ty:

Onset of Monsoon (4.5)
Active and Br>eak Monsoons (4.6).

(The numbers r>efer> to the var>ious sections in the r>epor>t of the Confer>ence).

6.2.3

Timing of the M()NEX

The JOC agreed to the time schedule for the various components of the MONEX
presented in the repor-t of the Conference (Section 8.3, Annex El.
6.2.4
The Committee agreed to the following recommendations made by the Study Conference
regarding the further planning of MONEX:
(i)

A third Study Conference on MONEX should be convened in late 1975 (before the
Second Session of the IG Panel on the FGGE)
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( I i) Work i ng groups shou Id be estab I ished for the' future p Iann ing of the vari ous
components of MONEX. The terms of reference for these working groups should be:
(a)

Sharpening of the scientific objectives of MONEX

(b)

Formulation of the required numerical experimentation programme

(c)

Definition of the required observation (parameters to be observed, areal
extent, resolution in space and time, desired accuracy, etc.)

(d)

Identification of the relevant observational techniques

(e)

Identification of data management requirements (telecommunications, processing,
ana Iys Is, etc.).

(f)

Prel iminary reports of the activities of the working groups should be
avai lable before the end of May 1975.

(Ii i) A meeting should be convened before the end of August 1975 with representatives of
the Individual working groups. The purpose of this meeting would be to present a
draft of the final plan for MONEX.
(iv) The services of the JOC consultant on MONEX should be maintained for overall
coordination.
(v)

Engagement of a consultant for the review of the observing system for the MONEX.

(vi) It was further recommended that the individual nations of the monsoon areas be
invited to attend a part of the working group meeting (item (i i i) above). The
purpose of this meeting would be to provide them with information on the present
planning of MONEX. Their support of the MONEX programme is considered to be very
important for its success.
6.3

The GARP Po Iar Sub-programme

The Second JOC Study Conference on the Polar Experiment (POLEX) was held in Oslo,
30 September ~ 4 October 1974. Since only a summary of the report of this Conference was
avai lab le, the Committee felt that no decisions or recommendations regarding the further
planning of this experiment could be made.
Main Problem Areas

6.3. I

The Polar Experiment is being planned to be conducted before, during and after
the FGGE and includes observational and theoretical studies related to the following main
problem areas:
I.

Po Iar Prob.J ems in a GIoba I Context
~

The gross thermal forcing of atmosphere and ocean
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- Snow fields

and sea ice as dynamic coup 1ing elements

- Polar processes as elements in global cl imate dynamics
I I.

Polar Physical Processes
- Radiation and associated atmospheric adjustment processes
- Sea ice thermodynamics and dynamics
- Snow, continental ice and hydrology
- Transport processes in the oceans.

I I I. Numerical Model Studies
- Physical process parameterization
- Interactive model development
- Sensitivity studies and observing system simulations.
6.3.2

Judging from statements made at the Study Conference on POLEX it appears that a
significant breadth of participation in POLEX is I ikely to develop, once the overal I
concepts and the scientific plan have been publ ished.

6.3.3
JOC re-affirmed the need for specific recommendations regarding the implem~ntation
of an international polar observation programme during the FGGE, and requested that the
final report of the Second Study Conference should be available for consideration at the JOC Officers' Mee'ting in February 1975.

6.4

Air-flow over and around Mountains

6.4. I
The discussion of this item was based on three documents prepared by (a) Prof. J.
Charney and Dr. R. Hide; (b) Prof. F. Mesinger and Dr. Dj. Radinovic; and (c) Dr. G. G5tz.
AI I these documents brought out the fact that the influence of mountains on the flow of air
is one of the most poorly understood phenomena, both physically and mathematically, in the
formulation of numerical models for weather prediction and cl imatic study.
The traditional parameterization in which the compl icated topography of the earth's
surface is replaced by a smoothed topography has turned out to be too inadequate. The
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purely mechanical parameterization does not recognize the other physical processes which
indirectly are generated or infl,uenced by the topography.
It is not known how the individual mountains, not resolved by the grid, wi I I act
as roughness elements, how they generate transfer of momentum due to the existence of
gravity waves, or how they generate turbulence by vortex and wake formations. Likewise,
the air currents in indiv~dual valleys, through passes and over the envelope of individual
mountains, are not known and are not parameterized in the models. There are numerous·
indications that the large-scale mountain complexes produce vortices and flow separation
leading to mechanical frontogenesis and cyclogenesis. Mountain complexes can intensify
temperature gradients and exert upstream and downstream effects which extend large
distances from the mountains themselves.
The Committee agreed that there is a need for cooperative effort, preferably on an
international scale, to measure the flow over one .or more individual mountain ranges on both
small and large scales combined and preceded by model experiments, theoretical studies and
careful analysis of conventional observations to establish a framework for the measuement
programme. The mountain complexes in South-eastern Europe would be among the most
suitable regions for the following reasons:
- there are a number of countries with direct interest in this problem;
- there already exists a reasonable, observational network which could easi Iy
be supplemented to provide a~ ad~~~te_ date!. base;
a number pf scientists in these countries are atready engaged in relevant
investigations;
- the mountains present flow phenomena which are common to other mountains.
Recommendations
-- - -- - ----

6.4.2

In view of the above the Committee agreed that the problem deserves serious
consideration and decided that the authors of the above mentioned doauments should be
requested to fOPmUlate specific proposals as regards:
(i)

Data requirements. To determine what data are necessary to define the structure,
variabitity cind energetics of the orographically generated systems

(ii) Computation considerations. To investigate the mathematical and meteorological
problems arising in fine mesh models with time-dependent boundary conditions and
possibly containing one or several regions of even higher resolution
(iii) Parameterization. To develop methods for expressing the statistical effects Of
the different sub-resolution processes.
(iv) Model design. To develop and test complete and comprehens1:ve atmospheric models
of the type mentioned above.
The Committee agreed that it would be highly desirable to organize an international conference to consider the advisabitity of undertaking the study of this problem as a
GARP sub-programme.
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7.
7. I

THE GARP CL IMATE DYNAM ICS SUB-PROGRAMME

The Study Conference on the Physical Basis of Cl imate and Cl imate Model ling (1974)

The cllmate of the earth, its variabi I ity and secular change, whether natural or
due to man's activities, is of fundamental importance to man and his wel I-being. Theworld
food production depends, in part, on weather and cl imate and so does the avai labi I ity of
water for a multitude of uses in modern society. The increasing energy production may cause
climatic changes and in the planning of the world's future industrial pol icy cl imate and
weather should be taken into account.
Ski I I in cl imatic prediction would be
of great value to the world and might significantly reduce the risks for disasters and help
in our attempt to improve the standards of I iving for the people on earth.
The Study Conference on the Physical Basis of Cl imate and Cl imate Model I ing held
outside Stockholm (Wijk) in the summer of 1974 has attempfed to summarize our present
knowledge of the processes that shape the long term variabi I ity of the atmosphere-ocean
system and to outline research necessary to advance our knowledge towards a state where
prediction of seasonal, interannual or longer term variations may be possible. It should be
clear, as stated in the Conference report, that the outcome of cl imate model I ing and forecasting most likely wi I I not be the prediction of individual events - for example during a
particular season, but wi I I rather be of a statistical nature. Nevertheless it might wel I
be of fundamental importance for the nations and the people of the world.
7. I. I

General Recommendation
The Joint Organizing Committee for GARP considered the report of the Conference in

detai I.
JOC agrees with the prime recommendation of the Conference that the cooperative
researcfJ programme outlined in the Study Conference Report be used as a basis for the further
development of the GARP.
It is proposed that this programme be called the GARP CLIMATE DYNAMICS SUB-PROGRAMME.
7.2

Central Focus of the GARP Cl imate

Dynam~csSub-programme

Clearly the seasonal, interannual and longer term variations of the atmosphere that
occur over decades or a century are of most immediate concern to mankind, as are the possible
consequences of man's activities on the cl imate. Also the prospects of obtaining a physical
understanding of climatic processes are best on these comparatively short time scales.
7.2. I

Recommendation

The JOC therefore recommends that the GARP Climate Dynamics Sub-programme in the fir-st
hand should concentrate on the study of those processes that are of importance for studies of
variations of the atmosphere-ocean system oVer time periods from about a month to about a
century. Accordingly, priority should be given to those problems that are of prime concern
in developing dynamical models for such time scales.
7.3

Aspects of Cl imate Model I ing Requiring Immediate Attention

The Study Conference has discussed in detai I the character of the cl imate system as
dependent on the tjme scale of the variabi I ity to be studied. It is clear that for model ling
and predicting climatic changes over time periods up to about a century we need to understand
wel I the interplay between the atmosphere, the ocean and the sea-ice and some aspects of the
hydrological cycle.
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It is clear from the report that at this time we particularly lack knowledge on the
behaviour of the world oceans on such time scales and particularly the interactions and feedback mecganisms that exist between the atmosphere and the upper layers of the oceans.
It is also clear from the report that certain atmospheric processes, in partlcuJar
the processes involved in cloud-formation and dissipation and the relationship between cloudiness and the radiation budget, are not as yet sufficiently wel I understood quantitatively to
permit their adequate incorporation in cl imate models. In view of these considerations· the
JOC has taken speci fie steps to encourage work in these two areas.
7.3. I

At the present time, several difficulties arise preventing the development of
coupled ocean-atmosphere models from proceeding as desired. One difficulty results from the
relatively smal I scale of ocean circulation eddies in the energy production range. Scales of
the order of 100-300 km must be resolved if straightforward simulation by integration of the
primitive equations of motion (s to be achieved. Thus, new statistical representations
should be explored together with investigations of closure hypotheses, that is, a statisticalmechanical formulation of ocean-flow dynamics.
It should be noted that this problem may be common to both oceanic and atmospheric
components of a cQupled cl imatic model if one would wish to "parameterize" the large scale
dynamics of the atmospheric flow. The problem is further complicated for the atmosphere
because of irreversible and non-linear processes such as condensation and precipitation.
There is a grOWing but sti I I insufficient interaction of the atmosphere dynamics
community with the oceanographic community.
Recommendation
The JOC re commends that the deve lopmen t of coup led ocean-atmospnere numerical mode ls
be given high priority and that increased national support be given to such research.
The proper statistical formulation of the dynamical processes both in the atmosphere
and the ocean are as yet inadequate for quantitative modelling of the climatic system. The
JOC considers it to be of prime importance that work is pursued in such a direction.

For this purpose, the JOC decided that an ad hoc working group on coupled ocean~
atmosphere models be established with the terms of reference given in section 7.5. l.
7.3.2

The Stockholm Conference highlighted the existence of a gap between parameterization
of convection and cloud formation on the one hand, and computation of the vertical radiation
budget on the other hand.
JOC has recognised the utmost importance of relating the computation of radiative
fluxes to a (possibly) detai led prediction of extended cloUdiness, in addition to cumulus
convection, which gives rise to significant precipitation and heat release.
It is emphasized that it is hardly possible to assess the climatic eftects of any
other atmospheric constituents in the. troposphere (such as C02, 0 3 or aerosols) before the
role of clouds for the radiation budget is dealt with more adequately than in the case of
models avai lable today.
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Recorronendation
The JOC recorronends that the development of prediction schemes for cloudiness and
the parameterization of the effect of cloudiness on the radiation budget be given high
priority and that increased national support be given to such research.
The JOC therefore decided that an ad hoc working group on extended cloudiness and
the radiation budget be established with the terms of reference given in section 7.5.2.
7.3.3

Studies of Other Processes

The JOC real ized the need for research in a large number of other fields as clearly
shown in the StUdy Conference Report but wishes at this stage to I imit its recommendations
on priorities to those given above and recommends that otherwise the Study Conference Report
should serve as a gUide to research 'tasks during the next few years.
In this regard, the JOC invites comments on the report of the Study Conference,
particularly conderning
proposals for field studies relevant to parameterization of
climatic processes. These comments may be addressed to the JPS.

7.4

Immediate and Long Term Plans

7.4. I

General
Recorronendation
--------The JOC proposes that
(i)
(ii)

A GARP Climate Dynamics Decade be organised during the 1980 's;
The years 1975 to 1980 are considered as a Preparatory Phase for this
research effort.

7.4.2
JOC considers that there are at this time four types of action required:
(I)

Supplementary observations or data processing during the FGGE
The First GARP Global Experiment wi I I take place in 1978/79. There is sti I I a
possibi lity to increase the observational effort during this year particularly
with regard to oceanic observations. Furthermore, effort should be made to
define more specifically what cl imatic variables should be extracted from the
sate I I ite observing system.

The JOC agreed that consultants be given the task of formulating in detail the
GARP Climate Dynamics Sub-prograrrone for the FGGE (further details are given in
section 7.5.3).
(ii)

Development of cl 'mate models
There is a need to focus the attention of the scientific community on critical
scientific problems such as the model ling of the ocean and atmosphere, including
the development of statistical-dynamical models.

The JOC requests the Working Group on Numerical Experimentation (WGNE) and the
two ad hoc working groups designated above to assist in this task (further
detai~s are given in sections 7.5. l and 7.5.2).
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(i i i)

Development of a Global Data Base
There is a need to begin planning the development of a comprehensive Global
Data Base for the study of seasonal and interannual variabi I ity, both with
regard to augmentation of existing data sets and the design of a data base
for the future. The FGGE wi I I provide a much expanded data base for the study
of the changes ftom one season to the next but it wi I I sti 1I be deficient in
some respects, particularly with regard to the oceans.

The JOC recommends that a specific plan to define the details of the Global
futa Base should be made before the next JOC meeting by the Coordinating
Group on Data Problems of the WGNE combined with advice from JPS consultants
and scientists who have ewperience in the analysis of climatic variabZes.
JOC supports all efforts to coZlect and analyse evidence of past climatic
with emphasis on the methods which could help establish the
atmospheric variability for time-scales of the order W-WOO years.

fluctuations~

More detai led planning for a Global Data Base during the 1980's is outlined
in section 7.5.4.
(Iv)

Development of long lead-time observing techniques
There is a need for developing long lead-time observing techniques for
measuring key climatic parameters. The Study Conference Report enumerates a
large number of such observations. In some instances techniques are avai 1able for such observations, In other cases not.

In view of this situation the JOC reaommends that the COSPAR Working Group 6
be invited to conduat a feasibility study of possible or aonceivable r~mote
sensing or relay techniques to further increase the capability of space
based systems to monitor the physiaal quantities important "to the climate
problems~ as specified in the report of the Study Conferenae.
Such a feasibility study would be presented at the next session of JOC
(October Z9 75) •
The JOC furthermore proposes that one or a few temporary consultants be
employed to help in formulating a first outline of a long-term observational
(moni toring) programme.
(v)

Regional observational studies for parameterizations
Regional phenomenological experiments recommended by the Climate Study Conference
(1974) need to be conducted for the development of parameterization methods
required for climate models.

7.4.3
The research programme aimed at establishing the structure and physical causes of
seasonal and interannual variabi I ity of the atmosphere, ocean and cryosphere wi I I consist of
the following elements:
- global observations, both space based" and ground based, for measul"ement of the
relevant physical (environmental) quantities of the atmosphere-ocean-cryosphere system.
This wi' I require coordination and augmentation of existing observatiohal efforts
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the possible development of new remote sensing capabi I ities for such variables as
transports by ocean current, tropical winds, global precipitation and surface
turbulent fluxes
- conti nued deve lopment of a capab i I i ty for numeri ca I mode II i ngof the atmosphereocean-cryosphere system
- performance of relevant numerical experiments (sensitivity studies, predictabi I ity
stud ies).
The JOC wi I1 address the question of planning a GARP Cl imate Dynamics Decade in
greater detai I at its next meeting. Prof. Bolin will prepare for this discussion, with the

help of individuals designated by him, including the use of JPS
7.5

c~nsultants.

if appropriate.

Detai Is of Immediate Action

7.5. I
The JOC decided that the terms of reference for this working group (see section
7.5.1) shou Id be:
(a)

To prepare a report to JOC-XI on (i) the status of global (or basin-wide)
ocean models and (i i) the appl ication of statistical mechanics and closure
hypotheses to such geophys i ca I flows and (ii i) thA floSS i b il ity of carry i n9 out
a programme of numerical experimentation with coupled ocean-atmosphere models
for establishing the scales of motion and the exchan~e processes which are
most relevant to the response of the ocean-atmosphere system on scales of
10- 1 to 100 years.

(b)

To establish contact with scientific groups engaged in research with
comprehensive ocean and coupled atmosphere-ocean models.

(c)

To establ ish contact with physical oceanographers and other special ists
studying exchange processes within the sea, or within the atmosphere and the
cryosphere who would wish to test their parameterization of such processes in
comprehensive atmosphere-ocean-cryosphere models.

(d)

To contact the relevant special ized groups of ICSU and WMO to further increase
the awareness of the scientific community regarding the particular problems of
comprehensive ocean model ling.

(e)

To propose a symposium on coupled atmosphere-ocean-cryosphere model I ing, as
appropriate, in consultation with the relevant groups above.

The following experts should be invited to serve on this working group:
K. Bryan
L. Gates
K. Hasselmann (Chairman)
C. Leith
A. Robinson
Representative of USSR
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7.5.2
The JOC decided that the terms of reference for this working group (see section
7.3.2) should be:
(a)

~To

prepare a report to JOC-XI on the status of the parameterlzation of
radiative fluxes in the presence of extended cloudiness, as currently done in
general cir.culation models of the atmosphere.

(b)

To assess the accuracy of such parameterization oVer periods of several days.

(c)

To suggest empirical methods which could be developed on the basis of existing
data and further observation field programmes (as needed).

(d)

To contact the relevant groups of ICSU and WMO to further indrease the awareness
of the scientific community re§arding this problem.

The following experts should be Invited to serve on this working group:
M.N. Fslgelson
K. Ya.Kondratyev
S. Manabe
G. Paltridge
C. Rodgers
V. Suom i (Cha i rman)
7.5.3

fo!:!.s~l.ia.!!.t~

fO.!::. !h~. ie~eJ.0.E.m~n! £f_t.!!.e_G~R.':. fllm~t~·QY.2:El~i£.s_S~b':p.!::.0J;).r~m~e_f£r_t.!!.eJQGI

The JOC agreed (see sections 7.4.2(i» that consultants be engaged to study the
possible augmentation of the FGGE (satel I ite- arid ground based-) observing system and the
FGGE data management systems, to acquire the information that would further our understanding
of the physical basis of cl imate as specified in the study Conference Report. The work of
these consultants needs to be coordinated with the activities of the two ad hoc working
groups (designated above) and the JOC Working Group on Numerical Experimentation.
The JOG suggested that PX'of. J. Kutzbach should be X'esponsible for the overall
coordination of this work.
The JOG also decided that a preliminary report of the activities of the consultants
be presented at the JOG OfficeX's' meeting in
London~ 19-2l February 19?5.
The final report
should be available foX' the I.G. Panel of the FGGE at their next meeting.
7.5.4
In the following is presented further detai Is regarding the need for the development
of a Global Data Base discussed in section 7.4.2 (i i i) above.
In order to val idate the performance of cl imate models and to guide the search for
physically sound parameterizations, incfuding tho~~ for the large-scale transient eddy
transports, it is necessary to compi le on a continuing basis a comprehensive contemporary data
set. This set should describe the seasonal and interannual variations of the atmospheric and
oceanic cl imatic statistics, i.e. means, variances, covariances, and certain higher moments.
The data base would be used for the study of mass, momentum, heat, water and energy budgets
including a description of the diabatic heating and an estimate of the generation of avai 1able potential energy. Attention should be given to variations with time of certain
quantities; such as those reflecting drought.

JOC-X Report, p. 29
A first step in this direct~on has-already been made by the cl imatic statistics
which have been compi led by various investigators using compi lations of.a~rological a~d
surface data for periods of I to 5 years, but these data sets are·too I 1~lted.to obt~ln ~
clear description of seasonal and interannual variabi I ity. What is req~lred IS a m~Jor International programme, beyond that now being undertaken in the WWW, to define and compl le these
statistics and make them avai lable to the model ling groups.
Based upon the recommendations of the Cl imate Study Conference, it is recommended
that:
(a)

Fo~ as many yea~s as possibZe 'since about Z963 a QZokaZ Data Base shouZd be
assembZed on the basis of avaUabZe s~face, aeroZog'waZ a:zd sea sU~f~ce
.
tempe~at~e' data, aZong with ~eZevant sateZZite obse~vat~ons, to de~ve ~ef~ned
estimates of the annuaZ and inte~armuaZ changes of the me~n ~tate, t~ansp~~ts,
ene~getics, 'atmosphe~e-oceanene~gy fZuxes and othe~ stat~st~cs of vaZue .~n
estabUshing tne extent and th~ee-dimensionaZ stffict~e of seasonaZ and ~nte~
annuaZ va~iations du~ing the past decade.

(b)

A detaUed pZan shouZd be deveZoped fo~ des?igning a futu~e data base fo~
cUmatic ~ese~ch. Data coUected du~ing FGGE shouZdbe processed fo~ detaUed
study of the seasonaZ aycZe. In addition to the fuU set of v~iabZes of the
gene~aZ ci~cuZation (wind, tempe~at~e, moistu~e, p~essu~e), speaiaZ attention
shouZd be given to the acquisition, anaZysis and sto~age (on a gZobaZ o~ nea~
gZobaZ g~d) of the foZZowing types of v~abZes:
~adiation

budget te~s (f~om sateUitesJ
clouds (incZuding some ve~ticaZ ~esoZution)

sea-su~face, Zand-su~face, ice-s~face tempe~atu~e
su~face aZbedo, snow cove~, sea-ice cOVe~
su~face .~adiative fZuxes
p~eaipitation, ~unoff
ozone dist~ibution

The space and time scales of data to be processed, particularly with regard to
satel lite observations, remains to be specified.
Cl imatic statistics derived from aerological data wi I1 be incomplete unless a
satisfactory four-dimensional assimi lation. scheme is developed and provides rei iable
vertical velocities.
Several of the studies cal led for above require a detai led analysis in order to
define the variables which must be measured, the techniques to obtain them and the procedures
recommended for the analysis of the data. This is particuarly true for the surface radiative
fluxes and the water budget at the surface.
It hXl8 ag~eed that the Chai~man of the Wo~king G~oup on Nume~cal Expe~mentation
should suggest detaiZed specifications fo~ the GZobaZ Data Base.
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8. ORGANIZATION OF FUTURE WORK

Future Meetings and Planning Activities

8. I

8. I. I

In the following is presented a plan of action for the fol low-up of the
recommendations made concerning the GARPClimate Dynamics Sub-programme:
(i)

Two ad hoc JOC Working Groups on
- Coupled Atmosphere-Ocean Models (see sections 7.3.1 and 7.5.1)
- Extended Cloudiness and the Radiation Budget (see sections 7.3;2 and 7.5.2)
wi I I be established before the end of January 1975. Prel iminary plans exist tp
organise meetings of these working groups before the end of June 1975.

(i i) Prof. J. Kutzbach wi II be engaged to assist the Director of the JPS in coordinating the work related to the development of the GARP Climate Dynamics Subprogramme by the two new ad hoc JOC Working Groups mentioned above (i), the
JOC Working Group on Numerical Experimentation, the relevant SCOR Working Groups,
and consultants engaged for various tasks related to this sub-programme.
Cii i) Engagement of temporary consultants for
- identifying the Possible Augmentation of the FGGE (satell ite and ground based)
observing and data management systems. A preliminary report should be ready
before the JOC Off i cers' Meeti ng, 20-22 February 1975 (see Sections 7.4.2 (i)
and 7.5.3>'
- identifying the detai Is of the Global Data Base for the study of seasonal and
interannual variabi I ity for time scales of the order 10-1000 years (see
Section 7.4.2 (iii».
- formulating a first outline of a Long Term Observational (monitoring) Programme
(see Section 7.4.2 (iv»).
(iv) TheCOSPAR Working Group 6 will be. invited to conduct a feasibility study of
possible techniques to monitor quantities as specified in the report of the
Study Conference on Climate 1974 (see Section 7.4.2 (iv».Such a study would
be completed before the next session of the JOC.
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(v)

On the basis of the studies referred to above, Prof. B. Bolin will prepare
a plan for the GARP Climate Dynamics Decade (see Section 7.4.3).

(vi) Before the eleventh session of the JOC the following reports should be avai lable:
- A plan for the GARP Climate Dynamics Decade (in the 1980's) and its Preparatory
Phase (1975-1980)
- A complete plan for the need for Supplementary Observations and Data Processing
duri ng the FGGE
- A prel iminary report on the present status of Atmosphere-Ocean Models
- A specific plan for the development of the Global Data Base
- A preliminary report on the development of Long-Lead Time Observing Techniques
8.1.2
1975
Geneva, Switzerland

Informal Planning Meeting on GATE Data
Management

(date and place to be
decided)

Meeting on the Oceanographic Subprogramme for GATE

21 - 22 January

Par is, France

Informal Meeting of representatives of
ICSU, WMO and other organizations
regarding coordination of Cl imate Research

4 - 6 February

Bracknel I, England

Meeting of the Panel on the GATE
Synoptic Scale Sub-programme

19 - 21 February

London, England

JOC Officers' Meeting

24 - 28 February

Geneva, Switzerland

First Session of the WMO EC Panel of
Experts on Cl imatic Change

25 - 27 February

Geneva, Switzerland

Seventh Session of the Tropical Experiment Board

(date and place to be
decided)

Meeting on the Radiation SUb-programme
for GATE

2 - 4 Apri I

Washington D.C., USA

Eleventh Session of the Working Group on
Numerical Experimentation

7 - I I Apri I

Washington, D.C. USA

Meeting of Experts for the Development of the
FGGE Data Management Plan

14 - 17 January
January

March
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17 - 23Aprll

Geneva, Switzerland

Second Session of WMO Panel on
Meteorological Satel lites

18 - 26 Apri I

Geneva, Switzerland

Fifth Session of the Coordination' Meeting
on Geostationary Meteorological
Satell i tes

28 Apri I - 23 May

Geneva, Switzerland

Seventh World Meteorological Congress

26 - 30 May

Geneva, Switzerland

XXVI Ith Session of WMO Executive
Committee

27 - 30 May

Key-Biscayne, USA

Ninth Technical Conference on Hurricanes
and Tropical Meteorology

29 May - 7 June

Varna, Bulgaria

COSPAR, XVI 11th Session

(dates and places to be
decided)

Meetings of the JOC ad hoc working groups
on Coupled Atmospheric-Ocean Models and
Extended Cloudiness and the Radiation
Budget

25 August-2 September

Grenoble, France

IUGG General Assembly

September - October
(dates to be decided)

Geneva, Switzerland

Second Session of the Int;er-governmental
Panel on the FGGE

. October
(dates to be decided)

Tokyo, Japan

Eleventh Session of JOC

October
(dates to be decided)

Tokyo, Japan

JOC Officers' Meeting

late 1975

(date and place to be
decided)

Study Conference on MONEX, Third Session

late 1975

(date and place to be
decided)

Study Conference on

late 1975 or early
1976

(date and place to be
decided)

Inter-governmental Planning Meeting for
FGGE

late 1975

(date and place to be
decided)

JOG Study Conference on Four-dimensional
Data Assimi lation

early 1976

(date and place to be
decided)

JOC Study Conference on the Development
of a Numerical Experimentation Programme
using the GATE Data

June

POLEX, Third Session
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8.1.3

In conjunction with the discussion on the organization of future work it was
re-emphasized that maximum use should be made of existing bodies of WMO and ICSU.

The Committee pequested that the Chaipman of JOC, togethep with peppesentatives
ofWMO and ICSU, ppepape a ppoposal fop possible extensions of the alpeadyexisting fPuitful
coopepation between JOC and bodies within WMO and ICSU. Such a ppoposal should be available
fop discussion at the next session.

8.2

GARP Publ ications

8.2. I
The Committee noted with appreciation that the following GARP reports had been
published since its previous session:

GPS No. 14

Model I ing for the FirstGARP Global Experiment

GATE Report No. 2

Pre-GATE Tests and Studies

GATE Report No. 3

The Central Programme for the GARP Atlantic Tropical Experiment

GATE Report No. 6

The Synopt i c-sca Ie Sub-p rogramme for the GARP At Ianf·i c Trop ica I
Experiment

GATE Report No. 7

The Convection Sub-programme for the GARP Atlantic Tropical Experiment

GATE Report No. 8

The Oceanographic Sub-programme for the GARP Atlantic Tropical
Experiment

GATE Report No. 9

Internat iona I Ope rat ions PIan, Parts I, VI, VI I for the GARP
Atlantic Tropical Experiment

GATE Report No. 10

Ship Operations for the GARP Atlantic Tropical Experiment
International Operations Plan, Part I I

GATE Report No. I I

Aircraft Plan for the GARP Atlantic Tropical Experiment
International Operations Plan, Part I I I

GATE Report No. 12

Telecommunications for the GARP Atlantic Tropical Experiment
International Operations Plan, Part V

GATE Report No. 13

The International Data Management Plan for the GARP Atlantic
Tropical Experiment (2 volumes)

GSR No. 12

Report of the Sixth Session of th8 Tropical Experiment Board

GSR No. 13

Report of the Meeting on Drifting Buoys for the First GARP Global
Experiment
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WGNE Report No. 4

Progress Report on the GARP Programme on Numerical Experimentation

WGNE Report No. 5

Report of the Symposium on the Turbulence in the Planetary Boundary
Layer of the Atmosphere (Moscow, August 1973)

WGNE Report No. 6

The Performance of Space Observing Systems for the First GARP
Global Experiment

WGNE Report No. 7

Report of the International Symposium on Spectral Methods in
Numerical Weather Prediction (Copenhagen, August 1974)

AMTEX 74
No.
Data Reports
No. 2

Outline of AMTEX'74

AMTEX
Reports

Aerological Data

No. 3

Surface, Surface Marine, Radar and Oceanographic Observation Data

No. 4

Data of Boundary Layer and Radiation

No. 5

Cumulus Cloud Observation

No. 6

Meteorological Satel I ite Data

No. 7

Analysis Chart

No. 8

Explanation on the Data in MR or Microfi Im

No.

Provisional Report of the AMTEX Study Conference (Tokyo, 10-13 November
1971 )

No. 2

Report ·of the Second AMTEX Study Conference <Tokyo, 7-10 May 1973)

No. 3

Scientific Report of the Second AMTEXStudy Conference <Tokyo, 7-10
May 1973)

No. 4

The First AMTEX Observation Program
14-28 February 1974)

No. 5

Report of the Th i rod AMTEX Study Conference <Tokyo, 8- 10 May 1974)

No. 6

Se ient i f i c Report of the Th i rd AMTEX Study Con ference (Tokyo, 8- 10
f"1ay 1974).

(Southwest Islands of Japan,

JOC-X Report, p.35
8.2.2

Plans for Future GARP Publications
-----------------

GPS No. 15

Four-dimensional Assimi lation of Meteorological Observations.
Expected to be published in February 1975.

GPS No. 16

Report of the International Study Conference on the Physical Basis
of Climate and Cl imate Model I ing. Expected to be publ ished in
March 1975.

GPS

Numerical Methods used in Atmospheric Models

GPS

The Monsoon Experiment (MONEX)

GPS

The Polar Experiment (POLEX)

GPS

Atmospherlc Boundary Layer Problems related to GARP

GPS

Space-based Observing Systems for the FGGE

GPS

Ocean Mode I ling

GSR No. 14

Report of the FI rst Sess ion of the Inter-governmenta I Pane I for the FGGE

GSR No. 15

Report of the Seventh Session of the Tropical Experiment Board

A preliminary plan for the publication of GATE Data is given in the report of
the JOC Panel on GATE (Annex D).
WGNE Report

Research Activities in Atmospheric and Oceanic Numerical Modelling

WGNE Report

Report on Observing Systems Simulation Experiments for the FGGE

8.3

The Joint Planning Staff and the GARP Activities Office

8.3. I

The present si tuat ion with regard to personne I j s as fa I lows:
Director of the Joint Planning Staff and the GARP Activities Office:
Prof. Bo R. Doos. As Director of the JPS he is responsible to the Chairman of
JOC, and as Director of the GAO , he is responsible to the Secretary-General
of the WMO.
JPS:
At present the staff consist of one Scientific Officer: Dr. V. Boldirev, one
Administrative Assistant: Mrs. M. Stanojevic and one typist:Miss A.H. Johnsen.
GAO:
Dr. T. Nitta and Mr. M. Rubin have been appointed Scientific Officers. The
appointments of these two Scientific Officers, who wi I I assist the Director of
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the GAO in performing the necessary work relating to the. planning and implementation
of the FGGE, are expected to be effective from I "January 1975.
In order·to carry out the remaining tasks after the ISMG ceases to exist (31 March
1975), a separate unit for GATE wi I I be establ ished within the GAO from I Apri I
1975. This GATE component -wiT I consist of one senior scientist who would
exercise a scientific coordinating role to ensure that the overall scientific·
objectives of GATE are pursued, and one expert in data management to perform
the necessary coordination of the data processing activities of the five Subprogramme Data Centres for GATE.
Additional expert assistance needed should be provided by Member Countries through
secondment of suitable persons.
Since the last JOC the following JOC consultants have been actively engaged in
various planning activities:

8.3.2

(i)

Dr. L. Bengtsson (Sweden) has final ised the preparation of the report on fourdimensional assimi lation of meteorologicaldbs~rvationswhich wil I be published in the
GPS. Dr. Bengtsson's Special Service Agreement expired on 14 September 1974.

(i i) Prof. J. Kutzbach (USA) worked with the JPS in Geneva from mid-February to the
end of August 1974. Professor Kutzbach's work was concentrated in the first
place on the preparation of documentation and arrangements for the GARP Cl imate
Conference in July/August 1974, and subsequently on the writing of the report
of the Conference, which will be published as No~ 16 in the GARP PublicaHons
Seri es.
(i i i) Prof. T. Murakami (USA) has been engaged to develop a detai led scientific
rationale for the Monsoon Experiment and to prepare the background material
for the Second MONEX Study Conference in Singapore in November 1974. Prot.
Murakami's Special Service Agreement expires 28 February 1975.
(iv) Dr. N. Rider (UK) has been engaged in the development of an operational analysis
programme to consider the mixed special observing system for the equatorial
tropics during the Global Experiment and to assess the compatibi I ity of data
provided by the elements of the mixed system. The report prepared by Dr. Rider
on this subject was considered by the Inter-governmental Panel on the FGGE.
Dr. Rider's Special Service Agreement expires on 24 November 1975.
(v)

Prot. C. Rooth (USA) has ~,"en engaged to coordinate internationally the Polar
Experiment (POLEX) and to prepare a report containing the scientific plan for
POLEX for publication in the GARP Publications Series. Prof. Rooth's Special
Service Agreement expired 31 August 1974.

(vi) Prot. H. Stommel <US/\) na- Lo;sn eqgaged as a consultant to dev310p an oceanographic
programme within the First GARP Global Experiment. Reports regarding this matter
have been submitted to JOC-IX and JOC-X. Prof. Stommel's Special Service Agreement expired on 31 ;Lgust 197~.
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8.4

The GARP Implementation Fund

In the document (see Annex F) by the Secretary-General of WMO, a budget of
US $ 150,000 was proposed on the assumption that WMO and ICSU would contribute equal
amounts into the GARP Implementation Fund. It was furthermore stated that WMO and ICSU
agree to provide an additional amount of approximately US $ 31,000 to supplement the
Joint Planning Staff) if necessary, each contributing an equal amount.
The Committee approved the proposed budget and welcomed the additional support in
respect of the JPS.
With regard to the statement that WMO and ICSU should contribute an equal amount
to the GARP Implementation Fund3 the Committee suggested that a more flexible philosophy
should be adopted in the future.

8.5

Date and Place of the Next Session

The Committee was informed by the Director of JPS that an invitation has been
received from the Director-General of the Japan Meteorological Agency to hold the next
session of the JOC in Tokyo.
The Committee agreed to accept this invitation. The most convenient time for
this session would be late September or early October 1975. The exact date will be
decided latep,·
The Committee also agreed that a JOC Officers '.Meeting should be arranged 19-2l
February prior to the seventh session of the Tropical Experiment Board.
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LIST OF PARTICIPANTS
I.

The following members were present:
B.Bol in
E.K. Fedorov (Officer)
K. Gambo
K. Hasselmann
P. More I (Vice-Chairman)
A.M. Oboukhov
P.R. Pisharoty
J. Smagorinsky (Officen
V.E. Suomi
G.B. Tucker
Mr. J. Sawyer and Dr. R.W. Stewart were unable to attend.

I I.

The following observers attended the session:
From ICSU

T. Malone

From Unesco

L. Capurro

From WMO

W. L. Godson

H. Taba
Invited experts:

R. Czelnai
( Item 6.5)
G. Gotz
J. Kuettner
(Item 4)
J. Kutzbach
F. Mesinger
(Item 6.5)
A.C. Wiln-Nielsen

1I I.
Prof. B.R. Doos, Director of the Joint Planning Staff (JPS), acted as secretary
for the session; Dr. V. Boldirev served as joint secretary.
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I.
1.1

INTRODUCTION

The Working Group on Numeri'cal Experimentation held its tenth

session in Copenhagen, Denmark, at the Institute of Theoretical Meteorology,
19-22 August 1974, with the following participation:
(Chairman)

Prof. A. Wi in-Nielsen

Member

Dr. L. Bengtsson

Member

Dr. F. Bushby

Member

Dr. W. L. Gates

Member

Dr. A. Robert

Member

Dr. D. Wi I I iamson

Invited expert

Dr. B. Machenhauer

Invited expert

Prof. B. R. OOos

Di rector, JPS

Dr. V.G. Boldirev

Scientific Officer, JPS

Dr. S. Zi litinkevich was unable to attend.
1.2

The agenda of the meeting is attached as Appendix A.
2.

2.1

REVIEW OF THE REORGANIZATION OF THE WORKING GROUP

The Chairman of the Working Group, Prof. A. W.iin-Nielsen, reported

on the new composition of the WGNE and reviewed the principal tasks of its
component

coordinating groups.

He recal led that the JOC recommendation on

the new WGNE structure has been based on the necessity to achieve a simpler,
but at the same time more flexible and efficient organization.
The newly appointed members of the WGNE - the leaders of the
component

coordinating groups - are expected to contact the interested

scientists and research groups who are willing and have appropriate
facilities to study specific problems as the GARP Numerical Experimentation
Programme develops.
The leaders of the component coordinating: groups not only have to
organize the necessary work to respond to the JOC requests for numerical
eXperiments but also to take the initiative in proposing to the JOC the
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problems which wouLd require particular attention at the next stages of the
GARP planning.
The Working Group noted that it is important to make ful lest use
of the experience gained since the establishment of the WGNE.
particular, it was noted that the organization of

In

scientific symposia

wi I I be, as before, one of the main parts of the WGNE activities.
2.2

The WGNE was informed that the JOC Officers, at their stockholm

meeting (August 1974), decided that Dr. Stephen Schneider should be appointed
as an addItional member of the WGNE and that he should serve as a co-leader
of the WGNE component
3.
3. I

coordinating group on Physical Processes.

UTILIZATION OF THE BASIC DATA SET

The Group noted with appreciation that substantial work has been

carried out at the Dynamic Prediction Research Division CDPRD), Montreal,
Canada, to complete a set of global analyses for six consecutive days
(4-9 November 1969),

The global analyses prepared from the Basic Data Set

are now avai lable on one magnetic tape.
distributed.

About 30 copies wi I I be made and

It was suggested that the data should be distributed in spectral

form rather than grid point form.

A smal I programme wi I I be provided to

convert the analyses to grid point values. A short document explaining how to
use the tape wi I I also be prOVided.
3.2

Those who are interested in these analyses wi I I probably start

performing experiments as soon as they receive the tape.

In order to

compare the results of the various models, each group wi I I be asked to verify
0

their forecasts over an area extending from 30 N to the north pole.

The root

mean square error in the 500 mb geopotential should be determined with every
grid point weighted according to the area it represents.

AI I the scores wi I I

be collected as we I las a copy of the corresponding 72 hour forecast.

The

contoured chart should be on a polar stereographic projection with the lines
drawn at an interval of 4 decameters.
same area.

This chart should cover roughly

the
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3.3

The Group considered as highly desirable 3 as time allows 3 a

completion of the set of analyses for the whole month of November 1969 and
also for June 19?O.
3.4

The Group noted that at the Geophysical Fluid Dynamics Laboratory

(GFDL) the analyses are also being performed by a data assimi lation technique
for the period 2-12 November 1969.

It Was hoped that these analyses will

become available as soon as possible.
4.
4. I

NUMERICAL METHODS USED IN ATMOSPHERIC AND OCEANIC MODELS

Intercomparison of Numerical Technigues
The WGNE discussed the problem how best to compare the various

numerical techniques (both finite-difference and spectral).

It was noted

that the appropriate intercomparison procedure would generally lead to a
substant i a I improvement of the resu Its because of a better understand i ng
of merits and demerits of each specific model.
the absence of an avai lable sui-table procedure.

The WGNE recognized, however,
With regard to the exact

or quasi-exact solutions of the hydrodynamical equations proposed earl ier
for the intercomparison, it was particularly felt that only use of the
Neamtan-Haurwitz solution is now more or less feasible.
'i'he

{vGNE themfore suggested that at present different numerical

methods be intercompared on the basis of using the same initial data fields
(analyses) and that statistical estimates of the model accuracy be available
from the modellers.
4.2

Numerical Methods used in Atmospheric Models
A wide variety c,f models and numerlcal techniques are presently

used for studies in the atmospheric sciences.

Papers which have appeared

in meteorological I iterature are highly special ized and they are scattered
throughout a large number of publ ications. Students and scientists who do
hot special ize in numerical techniques find that it is often very hard to
follow a paper or presentation because the author refers to some of'1he
properties of the numerical methods that he used for his study.
there is no good textbook on this subject so that non-special ists

Unfortunately,
find it
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very difficult to document themselves in order that they can understand
particular points stressed by the specialists.
There should be at least a complete bibl iography of the most
important papers that have been pUbl ished on the numerical methods used in the
atmospheric sciences.

This is something that is needed but it would sti I I

represent too much work on the part of non-special ists to read al I this
material.

A better suggestion would be to produce a description of the

most widely used numerical methods and to complete this with an appropriate
bibl iography.

Atmospheric scientists would find most of the information

they want in th is book or report.

The characters ist i cs of some al gor i thms

are not obvious from a straightforward description and in these cases
some theoret ica I background must be given.

The Working Group wi] I attempt to partially fl I I this gap by
publ ishing a report on the subject of the numerical methods used in
atmospheric sciences.

A number of leading scientists wi I I be contacted to

contribute sections to this report and Dr. A. Robert will act as editor.
Suggestions wel'e made aonaeming the subjeats that should be aovel'ed and
it

Was

agl'eed that this pl'ojeat should star't as soon as possible.

The report wi I I mainly describe the various numerical techniques
used in atmospheric sciences, but it wi I I also include a theoretical background
and an analysis of the most important properties of these schemes.

A

reasonably complete bibl iography wi I I be included at the end of each section.
The Gl'OUp suggested that an effol't be made to publish this l'epol't
wi thin a year' in the GARP Pub Ziaations Sel'ies.

5.
5. I

REPORTS ON ACTIVITIES OF THE GARP PROGRAMME ON NUMERICAL EXPERIMENTATION
Dr. A. Robert reported on the procedure of preparation and

publ ication of the material on the numerical models' development.
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He suggested that, in view of the considerable amount of material,
contributions have to be carefully considered and only those relevant to
the GARP objectives publ ished.
The WGNE agreed with this and also suggested that summary reports
on the component coordination group activities be published regularly in the
"GARP Programme on Numerical Experimentation" series.
Thus the WGNE report series wi I I normally consist of:
I.

Proceedings of Scientific Symposia related to the GARP Numerical
Experimentation Programme.

2.

Reports on the results of specific projects

3.

Reports on component coordination groups' activities

4.

Reports on the status of numerical models.

With regard to this

last

kind of report the Group felt that, to avoid

misunderstanding, it is advisable to replace the subtitle "Progress report"
by, for instance, "Status of numerical modelling".
5.2

The following reports are expected to be publ ished in a near

future:
- Proceedings of the International Symposium on Spectral Methods
in Numerical Weather Prediction (Copenhagen, August 1974)
- Numerical Methods used in "atmosphere-ocean" models (first version)
Numer ica I Exper iments us i ng the "Bas Ic Data Set"
- Results of Observing Systems Simulation Experiments (QSSE),
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6.

REPRESENTATIVENESS OF DATA OBTAINED FROM THE DIFFERENT OBSERVING SYSTEMS

6.1

Dr. L. Bengtsson reported on this subject stressing the importance

of observing systems design in such a way that we really observe those scales
of motions to be studied.
In order to optimize the data assimi lation schemes we need to have
the best avai lable knowledge of the magnitude and structure of the observational
err-or.

By observational error we wi I I thereby understand not only instrumental

and measurement errors but also that part of the observation which is
associated with fluctuations on· scales

smaller than we are able to analyse.

The present knowledge about errors in meteorological observations
is not completely satisfactory especially concerning observations from
space observing systems.

It Was Buggested that centre3 with numerical

weather prediction in operation be encouraged to compute error statistics
with respect to different kinds of observations.

One way to perform such

studies is to compare observations against independent analyses in areas
with a dense network.
6.2

In order to reduce "errors" due to small scale fluctuations, a time

or space

averag rng shou Id be done.

Such averag i ng i sgenera I IY incorporated

in a conventional observational system, but they are mostly carried out over
too smal I regions in space

and time.

Based on the network density planned for FGGE and consistent scale
considerations, the ideal would be to have observations averaged over about
I hour and over an area of 100 km x 100 km.
averaging in the vertical would be I - 2 km.

A corresponding desirable
This is not possible to achi.eve

for the conventional observations which are averaged over a much smaller
scale in time and space (the order of I min in time and 1-10 km in space).
A consistent averaging is especially important for the wind since
also the smal I scale part of the wind has a relatively large ampl itude.

The

common way to measure the wind from rising bal loons is rather inappropriate
since it is necessary, due to the ground-based equipment, to let the bal loon
rise with a speed of the order of several hundred meters/min.

If the time

averaging is too smal I «(<I min) the wind computation wi I I be influenced too
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much by small scale fluctuations and also by the inaccuracy in measuring the
bal loon displacement vector.
large

(»

If, on the other hand, the time averaging is too

I min) the large scale vertical profi le wi 1I be too smoothed.
The ideal system for wind measurements is the Lagrangian type of

observational systems (e.g. drifting balloons) which easi Iy make it possible
to compute averages consistent with those scales of motion in which we are
interested.
This is demonstrated by the excel lent qual ity of the Eole wind
observations from

which it has been possible to analyse divergence

and other fields with high accuracy.
The inconsistency in time and space averaging is also demonstrated
when we try to compare wind observations from sequential cloud images.

Point

to point comparison with observed rawin sonde winds (100-200 km distance and up
to 3 hours removed in time) give an RMS vector difference of about 6 m se;-I.
On the other hand, if we compare cloud displacement vectors with analysed winds,
.

-I

the RMS vector difference is reduced to 1.6 m sec.
6.3

The Wor>king Gr>oup has been asked to give r>eaorrmendations about an

appr>opr>iate aver>aging for> obser>vations of sur>faae pr>essur>e and oaean terrrper>atur>es
fr>om buoys.

Concerning

pre~sLlre

measurements,. the averaging period can be chosen

in the interval 5 min. - 3 hours.

The lower limit has been chosen to

satisfactory fi Iter smal I scale variations due to wave motions.

An upper

I imit of 3 hours is regarded as sufficient to resolve the scales of motions
which can be analysed from the planned network of buoys.
Ocean temperatures can be averaged over periods larger than 3 hours, but" it
is fully satisfactory to observe temperature in the same way as surface pressure.
7.
7. I

STATUS OF THE SPACE OBSERVING SYSTEMS PERFORMANCE

The Group considered the report on this subject prepared by

L. Bengtsson and P. More I •

With regard" to the sate II i te data aceu racy

estimations the Group felt that a careful study of this problem was sti I I
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needed.

The view was expressed that some work could be done using GATE data

and the Data Problem coordinating group leader was requested to organise
this work and report on results to the next WGNE session.
8.
8. I

OBSERVING SYSTEMS SIMULATION EXPERIMENTS(OSSE)

Previous OSS experiments which have been performed at various

centres and summarized in earl ier GARP documents are highly idealistic and
result in overly optimistic results from the simple replacement type of
4-dimensional data assimi lation.

Due to the nature of the artificial or

control data sets forming the bases of these experiments, the models used
for the assimi lations are capable of producing extremely good forecasts
of the control data, far better than one could expect to obtain with
future operational models.

Experimental and theoretical studies have

shown that the use of models which produce forecast errors more typical
of operational models results in significantly larger errors from
4-dimensional data insertion than in these earl ieridealized experiments.
8.2

In response to the request of the Joint Organizing Committee

more realistic OSS experiments examining the FGGE data requirements have
been carr ied out recent Iy at the UK Meteoro log ica I Off ice, Brackne I I.. and
at the National Center for Atmospheric Research, Boulder.

The control

data sets for these experiments were generated by the most sophisticated
models avai lable at each institution.

The OSS experiments were carried

out with different models involving lower resolution in the NCAR experiments
and lower resolution along with different physical parameterizations in the
Bracknel I experiments.

These differenees

sources of errors in operational models.

are designed to simulate major
The experiments were designed to

study the relative importance of the special observing systems planned for
FGGE taking into account more real istic observational errors for the space
observing system (L. Bengtsson and P. More I : "The Performance of Space
Observ i ng Systems for the FGGE").
8.3

Direct insertion of data has been used in the experiments carried

out at both institutions so that the forecast values at one particular grid
point have been replaced by the "observed" data at the grid point.
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In addition the

UK group has repeated the experiments applying optimum

interpolation in space in order to reduce the shock effect resulting from
the simple insertion technique.

In addition the systematic deviation of

the model from the "truth" was taken into consideration by computing the
30 day mean of the "true" state.

This constitutes a kind of "cl imatology"

which was blended with the model data every 12 h using the proportion 20%
cl imatology and 80% model data.
operational

wea~her

By doing so a procedure very simi lar to

prediction was simulated.

The NCAR and Bracknell experiments agree when direct insertion
is applied.

The conclusion from these experiments is that the additional

information from the special observing systems influences that particular
area and that particular level where it is inserted.

During the succeeding

forecast an adjustment takes place in which the model state dominates and
reduces the impact of the new information inserted.
8.4

A considerable improvement is obtained in the Bracknel I experiments

when space interpolation is applied.

For example, using only the basic FGGE

data set, the global RMS error of the surface pressure Is reduced from 8 to
4 mb and the global RMS wind error from 5 to 3 m sec-I by applying the
optimum interpolaNon instead of simply updating the raw observations.
When the optimum interpolate is applied, the Bracknel I experiments
show that the constant level bal loon system improves the vertical mean wind
from the 4.5 m sec-I obtained with just the basic FGGE data to 3.5 m sec-I
in the area 25
0

0

-

0

90 S.

The loose network of buoys (1000 km apart in the

0

region 20 _65 S) reduces the surface pressure from 6.5 to 4 mb and also si ightly
reduces the wind error.

The dense network of buoys (500 km apart, 50

0

-

0

65 S),

however, does not result In simi lar improvements.
The improvement obtained by using the supplementary wind sounding
data in the tropics is rather smal I, RMS zonal wind errors being reduced from
2.5 to 2 m sec-I.

However, It must be recognized that the basic FGGE

observing system as model led in the experlmentsf.ncludes highly accurate,
regularly spaced wind observations in the tropics, presumably obtained from
tracking cloud motions.

Current experience with GATE at Bracknel I has

indicated inconsistency between cloud winds and radar winds both with respect
to speed and direction as wet I as inconsistency between cloud winds taken'
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four hours apart.

The coverage of wind reports at the lower level has been

rather satisfactory but winds at higher levels have been very sparse.
The NCAR experiments agree quantitatively with those of the UK
but result in much larger absolute errors due to the lack of use of optimum
interpolation.
8.5

The conclusions concerning the need for special observing systems

for FGGE that can be drawn from the recent and earl ier sets of simulation
experiments, supplemented by current experience from GATE, are as fol lows:
(i)

It is imperative that wind observations in the tropics are obtained
from a network of carrier balloons and/or ships as there is unlikely
to be an adequate network of wind observations obtained by tracking
clouds.

In addition, the carrier balloon and/or ship network will

provide temperature information which will also be essential unless the
RMS error of i{he satellite temperature information is reduced to well
below the present 2.50 C.
(ii)

Significant reductions in the RMS errors of both surface pressure and
zonal wind were obtained in the simulation ea;periments When data from
constant level balloons in the southern hemisphere were added to the
basic data set.

It is therefore recommended that a network of

constant level balloons be maintained in the southern hemisphere with
a spacing of about lOOO km.
(iii) The simulation ea;periments indicate that it is important to know the
surface pressure (or some lOW-level reference level in the southern
hemisphere).

The recent ea;periments indicate that better overall

results can be obtained with the same number of buoys, by using a
0

0

loose network (WOO km spacing) of buoys between 20 S and 65 S than
0

0

by a dense network (500 km spacing) between 50 S and 65 S.
a possible gap (80

0

-

As far as

0

l40 W) in the buoy array is concerned, the

numerical ea;periments do not show any significant influence of this
gap on the results.
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9.

FOUR-DIMENSIONAL ASSIMILATION OF METEOROLOGICAL OBSERVATIONS

9.1

The WGNE discussed the preliminary report on four-dimensional

data assimi lation prepared by the JOC Consultant, Dr. L. Bengtsson,and
recommended that the report be published as soon as possible in the GAHP
Publications Series.

It \'/as recognized that some (mainly editorial) work

sti 11 would be required.
9.2

The WGNE considered the problem of the organization of a Conference

on four-dimensional data assimi lation.

The view was expressed that, in case

the Conference be convened in the beginning of 1976, institutions using
four-dimensional techniques would have an opportunity to test their schemes
to a greater degree with particular uti lization of the GATE data.
The WGNE recommended that some material be collected and prepared
for the Conference by Dr. L. Bengtsson.

~e

WGNE also

in consultation with the Director of the JPS, to

~equested

p~opose

Dr. Bengtsson,

a date and place for

the Conference.

IO~

10. I

FUTURE ACHV ITIES RELAT ING TO CLI MATE MODELL ING

Although the WGNE has seen the general draft recommendations relevant

to cl imate model I ing made by the GARP International Study Conference on the
Physical Basis of Cl imate and Cl imate Model I ing in Stockholm, 29 July 10 August 1974, there has not been time to give these matters adequate
attention.
(j)

The Stockholm recommendations may be broadly grouped into:
comparison of climate models

( i i) climate mode I parameteri zat ion stud ies
(i i i) cl imaticexperi'ments
(iv) observational programmes
(v)

cl imatic data compi lation and analysis

JOC-X Report, ANNEX C, p. 13
Of these, the WGNE may be expected to be most involved in (i) and
(i i i ).

. As an immediate effort, it is recommeded that the present informal

efforts in comparing the seasonal simulation of selected climatic models be
broadened and intensified under the auspices

~f

GARP.

It is also envisaged

that the initial cUmatic activities of the WGNE win concentrate on the
shorter climatic time scales of seasons, years and decades.
10.2

The Group recognized the broad scope of th? cl imatic problem, and

foresaw the need for a high level of international coordination in order
to carry out the recommendations of the Stockholm Conference.

Numerical

models of a wide variety wi I I be needed in this research and the work of
the WGNE wi I I need to be enlarged appropriately.

The WGNE recognized the

possibi I ity that it may be desirable at some future time to form a separate
but closely-related Working Group concerned exclusively with the cl imatic
problem. This matter will be given further consideration, and appropriate
recommendations made to the JOC.

Meanwhile, a; need was evident for the GARP

Activities Offiae to have additional staff and/or consultants to support the
climatic part of the GARP planning.

I I.
I I. I

DEVELOPMENT OF A NUMERICAL EXPERIMENTATION PROGRAMME UTILIZING THE GATE DATA
The JOC proposal on the WGNE members' participation in the meetings

planned in the SDCs was discussed.
The WGNE suggested that each componentaoordinating group leader
should attend the SDC meeting relevant to the corresponding problem area.
The following assignments were made:

-

L. Bengtsson

Boundary Layer SDC meeting

- Convective SDC meeting

S. Schneider

- Oceanographic SDC meeting

L. Gates

-

Radiation SDC meeting

S. Zi I itinkevich

-

Synoptic-Scale SDC meeting

-

F. Bushby.

It was pointed out that the WGNE members should be officially
invited to attend these meetings and the Director of the Joint Planning SEaff
was requested to arrange this.
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11.2

The Group discussed the organization of the Study Conference

on the Development of Numerical Models for the Tropics which was recommended
by the JOC-IX.
The

G~oup

with the following

The

G~oup

suggested that an

O~ganizing

Committee be established

membe~ship:

I.

F. Bushby

Chairman

2.

T.N. Krishnamurty

3.

L. Bengtsson

4.

H.C. Hoeber

5.

I. Sitn i kov.

also suggested that

D~.

T. N.

]{Pishnamu~ty

be invited to

prep~e

a

programme for the Conference.

The Group considered the possible date and place for the Conference
and felt that it would be most convenient to organize this during the
first week of September 1975 in Bracknel I, U.K.
It was understood, however, that the JOC Panel on GATE is the most
appropriate body to make the necessary organizational decisions.
12.

THE FGGE DATA MANAGEMENT PLAN

The Group was informed of the planning of the FGGE Data Management
System.
Reference was made to the organization of an informal meeting (as
recommended by the JOC and the WMO Executive Committee).

It was noted with

appreciation that the WGNE representatives wi 11 be invited to this meeting.
The Group felt that the leader of the Data Problems coordinating group,
Dr. L. Bengtsson, should participate and also take part in the preparatory
work for the meeting.
The Group considered some specific problems of data management and,
in particular, research requirements for the FGGE data of different levels.
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In this connexion, the Group expressed the view that the Level
data wi I I be needed for certain research studies after the FGGE and that it
is highly desirable that these data for the Special Observing Period be
stored (at least over I imited areas).
13.

NUMERICAL EXPERIMENTATION PROGRAMME RELATED TO THE GARP REGIONAL EXPERIMENTS

13. I

The Group was informed about the organization of the Second Informal

MONEX Planning Meeting and the Second Informal POLEX Planning Meeting which are
scheduled for the periods from 28 October - I November and 30 September 4 October 1974, respectively.

The Group noted that the proposed agenda for

these meetings include relevant problems of numerical experimentation and felt
that the WGNE would be in a position to discuss these in a more efficient manner
when the reports of the meetings are avai lable. The Dipectop of the JPS was
pequested to ppovide theWGNE membeps with the necessar.y infoPmation.

14.

IMPLEMENTATION OF A COORDINATED NUMERICAL EXPERIMENTATION PROGRAMME
The WGNE felt that it would be premature to discuss this topic

at the present session.
15.

DATE AND PLACE OF FUTURE SESSIONS

The Group felt it desirable that sessions of the WGNE should be
organized in conjunction with the following GARP meetings:
(a)

The meeting for the development of the FGGE Data Management Plan,
wh i ch is tentat i ve Iy schedu Ied to take p Iace· in Wash i ngton in
early Apri I 1975.

(b)

The GARP Study Conference on the Development of Numerical Models
for the Tropics, which is suggested to take place in Reading, U.K.,
in September 1975.
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ORGAN IZAT ION OF THE SESSION
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1.2
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2.
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3.

UTILIZATION OF THE BASIC DATA SET

4.

NUMERICAL METHODS USED IN ATMOSPHERIC AND OCEANIC MODELS
4. I
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4.2

Report in the GARP Publications Series

5.

REPORTS ON ACTIVITIES OF THE GARP PROGRAMME ON NUMERICAL EXPERIMENTATION

6.

REPRESENTATIVENESS OF DATA OBTAINED FROM THE DIFFERENT OBSERVING SYSTEMS

7.

STATUS OF SPACE OBSERVING SYSTEMS PERFORMANCE

8.

OBSERVING SYSTEMS SIMULATION EXPERIMENTS (OSSE)
8. I

Report on the Formulation of the OSSE for the FGGE

8.2

Recommendation made by the Meeti ng on Dri ft i ng Buoys for the FGGE
(Geneva, March 1974)

8.3

Report on Recent OSSEs carried out by Various Groups

9.

FOUR-DIMENSIONAL ASSIMI LATION OF METEOROLOGICAL OBSERVATIONS
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I I.
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11.2 Organization of a Study Conference on the Development of Numerical
Models for the Tropics
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12.
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12. I Detai led Requirements for the fGGE Data Set for Research
12.2 Organization of a Meeting for the Development of the FGGE
Data Management Plan
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REPORT OF THE SECOND SESSION OF THE JOC PANEL ON. GATE
(Dakar, 9-13 September 1974)

I.

ORGANIZATION OF THE SESSION

1.1

Opening of the Session
The second session of the Panel on GATE was opened by the Chairman,

Prof. V.E. Suomi.

He expressed gratitude to the Director of ASECNA for having

provided faci I ities for the meeting.
1.2

Approval of the Agenda
The final agenda of the session is given in Appendix A.

1.3

Membersh i p of the Pane I
The Panel was informed that the WMO Executive Committee, at its

XXVlth session,decided to authorize JOC to expand the membership of the Panel
to include additional representatives nominated by WMO and ICSU.

(See the

extract of the report of the WMO EC-XXVI related to GATE, which is given in
Appendix B.)

Following this decision, WMO nominated Prof. R.P. Pearce

(Chairman of the CAS Working Group -on Tropical Meteorology) to be a member
of th i 5 Pane I.
IAMAP decided that its representative should be Prof. G.O.P. Obasi.
SCOR expressed interest in nominating two members for the Panel, one
expert for the A!B-scale experiment and one for the C-scale experiment.

One

of the experts is Prof. G. Siedler, and the other wi I I be decided later.
The present membership of the Panel is given in Appendix C.
1.4

Participation in the Meeting
Mr. J. Sawyer (JOC), Prof, G. Siedler (SCOR) and Dr. I. Sitnikov

(Experiment Review Board) were unable to attend the meeting.
participants is also given in Appendix C.

The list of
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2.

SCOPE OF THE MEETING

2. I

End of Field Phase
The field phase of GATE is now ending.

Despite certain fai lures

experienced during the field phase resulting in lack of uniform coverage of
the A-scale observing system, preliminary assessments indicate that the data
collected are of sufficiently good quality to ensure that the basic scientific
objectives of GATE wi II eventually be met.

The basis for this judgement wi 11

be found In progress r:eports and contributions by Professor R. Reed, a member
of the Experiment Review Board, who was present at Dakar during the entire
field operation of GATE.

The Panel greatly appreciated his informative reports,_

the final one being attached as Appendix D.

A comprehensive briefing on the

GATE activities in Dakar was also given by Dr.J. Kuettner.

It thus appears

that one of the major mi lestones of GATE - the end of the fie-Id phase - has
been successfully reached and that attention must now be directed to the
important tasks that I ie ahead.
2.2

Identification of Tasks following the Field Phase
A key concern of the Panel has been the identification of a number of

priorl'ty tasks which remain after the field phase of GATE (see Appendix B).
A great urgency exists that the GATE

component of the GARP Activities Office

(GAO) is _organized and manned so it is ready to carry on after the ISMG ceases
to exist (31 March 1975).
The Panel was very impressed with the high degree of international
cooperation evident in the development of the scien-tific and operational plans
for GATE and now again during the field phase.

Many problems have been overcome

and we have seen that many excel lent data sets have been produced; the
participants in all phases deserve warm congratulations.

If the enormous potential of these data is to be fully real ized the
scientific community must have ready access to the data treasure.

To that end

further international cooperation on this aspect of the task is again needed.
Thus we see the need for support on efforts in these categories.
already
(a)

Some are

underway.
Preparation and early pUbl ication of prel iminary scientific studies
by the analysis team at Dakar.
the data

This can serve as a "road map" to
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Release of preliminary unverified data sets via microfilm, magnetic

(b)

tapes, etc. wherever feasible.

The channel to the World Data Centres

must be a speedy one.
(c)

A final report on the field operations by the ISMG.

The report should

bring out the experience gained by the participants in the field
experiment so that it can be shared by the scientific community at
large.
(d)

A need for a coordination mechanism of the GATE processing centres
to ensure that suitable data sets are prepared.
important as regards the Central Programme

This is especially

whose objective includes

the needs of groups carrying out numerical simulation experiments.
(e)

Coordination of research efforts to ensure that al I important
aspects of the questions GATE was designed to answer are covered.

(f)

Organization of seminars, symposia, stUdy conferences and the like
in cooperation with other interested bodies.

(g)

Finally, traning programmes to real ize the practical benefits to
mankind of this extraordinary international scientific venture.
In order to accompl ish the above and preserve the momentum which now

exists even in the face of the eventual wind down of ISMG activities by Apri I,
the Panel sees an urgent need to complete the calendar of events outl ined
inSect ion 8.

3.

DATA PROCESSING

3. I

The Establ ishment of a GATE Data Advisory Group

Th·e data process i ng is one of the most important act i v i ties in the
GATE.

This is particularly so after the field phase of the GATE is over.

The

JOC Panel noted that detai led international plans for the data management have
already been drawn up.

In accordance with these plans, the data processing
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has already commenced at various national data centres.

Also according to

these plans, a I I nat iona I IY va I Idated data wi I I be acqu Ired by the respect i ve
Sub-programme Data Centres (SDCs) and World Data Centres (WDCs) 18 months after
the end of September 1974; then the finally validated data sets for scientific
use wl I I be archived at two World Data Centres (WDCs)36 months after the end
of the field phase.
As seen in the Central Programme document (GATE Report No. 3), GATE
has a single over-rIding objectIve, which essentIally Is to establish the
relationship between convective activity and synoptic scale systems, with, as a
major consequence, the accurate representation of the effects of convection in
terms of large-scale parameters in numerical precliction models.

The individual

sub-programmes of GATE wll I each contribute towards the achievement of this
objective, but only through a synthesis of their fldings wi II it become
possible to meet the central objectives of GATE.
The monitoring of progress made during the next few years, both
toward the attainment of the centra I object iveand the objectives of the
individual sub-programmes is seen by the JOC Panel on GATE as its responsi b i I ity.
Recommendations:
GATE Data Coordinator
Progress in the attainment of the GATE obJ·ectives will depend
cruc~ally

on the activities of the Data Sub-programme Centres

of the central programme

objective~

and~

in the case

on a proper coordination of these activities.

This coordination will be most effectively brought about if the main
initiative is defined as the responsibility of the GA'lE Data Coordinator in
the GARP Activities Office (see Section 6).

In order to ensure that sufficient coordination is achieved between
the various groups concerned

j

the Pane l recommends that a GATE Data Advisory

Group is established with representatives of each of the Sub-programme Data
Centres~

appropriate advisors from each of the sub-programme areas and

representatives of the JOC Working Group on Numerical Experimentation.
group~

This new

which will provide the main means of ensuring continued contact between

JOC-X Report, ANNEX D, p. 5

data centres and data users, as well as between the data centres themselves,
should be kn01iJn as the GATE Data Advisory Group and its principal functions
should be:
(i)

to review progress and advise on any problem areas which arise

(ii) to determine priorities in the implementation of the data management
(iii) to resolve conflicts as they arise.

3.2

Prel iminary Data Sets
The Panel noted that ISMG is collecting prel iminary data sets

consisting of:
(i)

A and B-scafe map series for Phases I, I I, and I I I and selected
aircraft tracks which would be made avai lable on 35 mm microfi Im.
The A-scale map series are prepared for dai Iy operational forecasts
and post-analysed for surface (pressure, Wind); 500 m (wind over
land), 850, 700, 500 and 200 mb.

They consist of some 2500 maps
0

covering the area of West Africa to 40 W as well as selected time/
height cross sections.
As regards the B-scale series, they are being prepared for days of
enhanced convection in the B-array.

These maps include winds at

surface, 850, 700 and 200 mb; nephanalyses
tracks and radar observations.
series.

from satellite, aircraft

Some 320 maps are contained in this

Furthermore, some upper-air soundings plotted on skew-T

diagrams for intensive convective areas are also avai lable.

A

number of time series analyses of clOUd cover, ship, convective
codes, etc., are also prepared.
(i i) Unval idated WWW and GATE ship surface and upper-air synoptic data
collected over GTS to be made avai lable on digital magnetic tapes.
(i i i) Miscellaneous observations including
(a) B-scale hourly surface observations;
(b) Selected radar photographs (polaroid);
(c) Satel I ite photographs;
(d) Summary of aircraft mission~ documentation and catalogue.
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_Tilese

miscellaneous data are to be made available on 16 mm microfilm.

Pretiminary data fi Ims and tapes wi I 1 only be avai lable for distribution to
interested research scientists from the WDC-A (Washington D.C.)and
WDC-B (Moscow).
The Panel also notes that:
(i)

all the prel iminary data series wi I1 be made avai lable to all
interested research scientists simultaneously;

(ii) an early GATE study report containing, in part, prel iminary
eva Iuati ons of-data qua I i ty wi I1 be pub II shed by the 1SMG at
abouT the same time~
Recommendations
The Pane 7, reaorrmends that
(i)

ISMG informs the EJcientifia community in good time of the availability
and aosts of theEJe preliminary data sets and the date of their
release;

(ii) the WDCs should take those steps needed to ensure that films and
. tapes are ready for meeting orders without delay.

4.

GATE PUBLICATIONS

4./

Preliminary Plan for the Publication of GATE Data
The Panel was provided with the following information about the

plans for the publ ication of GATE data

and the expected time of the

availabi I Ity of these data.
(i)

Microfi Im series:
A-scale maps, B-scale maps, aircraft catalogue, satell ite pictures,
surface meteorology and radar (February 1975)

(ii) Quick-look unval idated data on magnetic tape:
surface and upper-air data (February 1975)

WWW and ship station
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(iii) ISMG-GATE document on Preliminary Scientific Results (February 1975)
(iv) ISMG-GATE document on field phase: final operations report, subprogramme reports, data inventory and assessment (May 1975)
(v)

Nationally Val idated Intercomparison Data sent to WDCs and SDCs
(May 1975)

(vi) Fi rst High Priority Period Nationally Val idated Data to WDCs and
SDCs (June 1975)
(vii) AI I remaining nationally validated data to WDCs and SDCs (March 1976).
4.2

GATE Data Information Bulletin
The Panel was informed that a GATE Data Information Bulletin is

planned to be issued in USA for national use.
Recommendation
Taking into aaaount that suah a bulletin would have great international
value~

it was reaommeded that a doaument of this nature should be prepared and

distributed internationally.

5.

GATE SYMPOSIA.STUDY CONFERENCES AND SEMINARS
The Panel noted that various proposals are already being made for the

organization of symposia and study conferences related to GATE.

In view of the

need for such symposia to be coordinated as far as possible, the Panel agreed
that it should assist in the coordination of these activities.
With regard to the symposia already proposed, the following comments
are offe red:
5. I

IUGG General Assembly, Grenoble, 25 August-6 September 1975
The Panel noted that two symposia have been allocated for the presentation

of the prel iminary results from GATE.
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5.2

Study Confer13nce on the Development of a Numerical Experimet")tation
Programme uti I izing the GATE Data
The Panel noted the proposal of the Working Group on Numerical

Experimentation to hold a conference on Numerical Model I ing of the Tropical
Atmosphere, in the beginning

of 1975.

Whi le supporting this proposal in

principle, the Panel expressed the view that this conference should not be
held at the time 6f the IUGG in Grenoble.

It was agreed that the conference

could appropriately beheld,if possible,at Sh.infiel·d Park, Reading,
in early 1976.
Recommendation
. The Panel noted the composition of the Organizing Committee as
proposed by the Working Group and supported by JOC.

It reaommends that a

representative of IAkWP be invited to join the Organizing Committee.

The

Panel noted that Dr. Sitnikov~ who has been designated as a member of the
Organizing Committee, is also a member of WMJ/CAS Working Group on Tropiaal
Meteorology and aould therefore partiaipate in the work of the Committee
in that aapaai ty.
5.3

Othe r Meet i ngs a Iready Proposed
The .Panel noted that

t~e

following meetings were also proposed:

- Workshops on Data Management (Geneva) and Synoptic-'Scale SubProgramme (Brackne I I) 9-12 December 1974.
- Th i rd meet ing of SCOR Work i ng Group 43
(16-20 June 1975, Southampton)

- Workshops on GATE Oceanography
(16-22 August 1975, Grenoble, France)

In'addition
5.4

to the above symposia the Panel proposed the following:

Symposium on the Scientific Results of GATE
The Panel agreed that in addition to the national symposia it

would be of great value to hold a major international symposium on the
scientific results of GATE during 1977.

This would al low sufficient time

for the GATE data to be made avai lable in tinal form for
and study.

analysj5

The main sections of the programme of the symposium would be
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linked to the existing GATE sub-programmes, i.e. synoptic-scale, convection,
radiation, boundary-layer and oceanography with an additional general section
devoted to the Central Programme.

The organization of the symposium should

be entrusted to an organizing committee.

The JOC Panel on GATE could propose.

names of suitable scientists if requested to do so.
It was also brought to the attention of the Panel that the
Executive Committee of WMO had already considered and approved in principle
the organization of such a symposium.
5.5

TrainingSeminar on Tropical Meteorology Analysis and Forecasting
Techniques following GATE
The Panel agreed that there are at least three distinct ways in

which the results of GATE should be exploited to the benefit of
meteorologists in the tropical areas:
I.

The improved knowledge of .the tropical atmosphere should be made
avai lable as soon as possible;

2.

The importance of new technology, as for example geostationary
meteorological satel lites which have been clearly demonstrated
during GATE,should be brought to the attention of al I meteorologists
in tropical areas;

3.

Meteorologists in the tropical areas should be encouraged to take
ful I advantage of the avai labi lity of GATE data for research purposes.
The Pane l agreed that the bes t

WCIJj

of achieving these aims wou ld be

the organization of a Training Seminar at an Institute in a tropical country
during late 19??
The Panel noted that the XXVIth session of the Executive Committee
of WMO had already discussed and approved the organization of such a Training
Seminar with the financial assistance of UNDP and/or UNEP.
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INSTITUTIONAL ARRANGEMENTS

6.

At the XXVlth session of the WMO Executive Committee, it was decided
that the ISMG should cease to exist on 31 March 1975 after completing the
record of the field phase of GATE.

In order to carry out the remaining tasks

a separate unit for GATE should be established within the GARP,Activities
Off Ice <GAO).
The Executive Committee further decided that this GATE component
of the GARP should consist of one senior scientist who would exercise a
scientific coordinating role to ensure that the overal I scientific objectives
of GATE are· pursued, and one expert In data management to perform the
necessary coordination of the data processing activities of the five Subprogramme Data

Centres for GATE and ensure the timely submission of

comprehensive data sets to the World Data Centres.
These two persons should be recruited as international civil
servants by the Secretary-General of WMO,who was requested by the WMO
Executive Committee to arrange for suitable secretarial support.
Additional expert assistance needed should be provided by Member Countries
through secondment of suitable persons.
Recommendations
- The Panel emphasized the need for continuity in the work and recorronended
that these two posts be advertised without any further delay~ at the latest
by l5 Octobe1' 7,974 so that they can be filled by l April 1975.

,

Taking into account the tasks which remain after the field phase
of GATE as stated by the WMO Executive Corronittee (EC-XXVI~ 4.2.3) and the
discussions related to the activities of this unit (cf. paragraph 3. l in
this report), the Panel agreed on the following formulations of the responsibilities of these
l.

~o

individuals:

GATE Scientific Coordinator~ whose responsibilities will be
(i)

To appraise the research being carried out using GATE data
with respect to its completeness in meeting GATE

objectives~

and in particular in meeting the needs of the planning of the
FGGE; and to report regularly to the JOC on the results of
this appraisal;
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(ii) To assis't in the planning of FGGE; paI'tiaulaI'ly the tropical
aspects~taking into

account the experience gained in GATE

and other GARP sub-programnes;
(iii) To maintain close contacts with national and international
research institutes using GATE data;
(iv)

To maintain a priority list of research aI'eas as defined by the
Centra l Programne wi th de tai ls of re levan t data availabi li ty;

(v)

To ensure prompt and efficient dissemination of scientific
results of GATE research;

(vi)

To stimulate reseaI'ch

activitY3 using GATE data in areas

where theJOC advises that such stimulation is necessary to
meet GATE objectives;
(vii)

To help organize~ in collabo:pation with relevant bodies 3
seminars and symposia related to GATE.
The person appointed should hold high academic qualifications and

have had recent experience in meteorological research.

Participation

in planning of GATE would be a considerable advantage.
2.

GATE Data Coordinator 3 who will
(i)

be the expert advisor on the work of the GATE Sub-programne
Data Centres 3 acting as a consultant to these Centres when
required;

(ii) preparlii periodic progress reports on the work of each data
centre;
(iii) act as liaison officer between the Sub-programne Data Centres
(cf. Section 5. l);
(iv) prepare comprehensive data catalogues and ensure their
adequate distribution.
The person appointed should have had recent experience in the
processing of large bodies of scientific data and in the presentation
of data summaries in a suitable form for publication.

Participation

in the recent GATE field operation would be a considerable advantage.
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7.

THE UTILIZATION OF GATE DATA FOR METEOROLOGICAL EDUCATION AND TRAINING
GATE Preliminary Data - In Dakar and at the Synoptic-Scale Sub-

Programme Centre (Bracknel I, U.K.) sets of preliminary data are being collected in
order to direct the experiment at GOCC.

The sets of the preliminary data which

wi II be made avai lable at the World Data Centres in Washington D.C.

and Moscow

wi 1I contain material mentioned in Section 3.2 (i) of this report.
Avai labi I ity of Prel iminary Data
As noted ear I ier, both A-sca Ie and B-sca Ie map ser ies wi I I be
microfi lmed on four rolls of 35 mm microfi Im for Phases I, I1 and Ill.

It is

expected that the microfi Iming wi I I be completed by the end of 1974 and
avai lable in January 1975.

The Panel agreed that in spite of the fact that

. these prel iminary products cannot be considered as representative in toto of
al I measurements made during GATE on the time-space resolution of the total
collection effort, nevertheless they provide excellent and unique material
for the training of meteorologists.
Recommendations
The Panel wishes to dPQW the attention of the WMO ExecUtive Committee
Panel of Expepts on Meteopological Education and Tmining(.lYld the WMO/CAS
Working Group on Tropical Meteopolo{JY to the availability of the above
mentioned preliminary data.

It was considered that it would be ofgPeat

value if WMO could reproduce from the micr'ofilms complete sets of maps for
distribution to interested iPaininginstitutions within the tropical areas.

8.

CALENDAR OF EVENTS RELATED TO GATE POST FIELD PHASE ACTIVITIES
In· thefol lowing is presented some events and activities which are

either decided or are tentatively being planned.
be available at the time of the JOC

~ession

A more complete list wi 11

in November 1974.

1974
September

The field phase of GATE ends

October

Announcement of vacancy notices of the two posts in
the GATE component of the GARP Activities Office
<The sc ientl f Ic coord i nator and the data coord i nator)
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November

The tenth session of the JOC.
proposals made by the JOC

Pane~

On the basis of the
on GATE, recommendations

wi I I be made (to TEB) rBgarding the establishment of the
GATE Data Advisory Group.
December

Meeting of the Panel on the Synoptic Scale Sub-programme
in Brackne I I (3-5).
Meeti ng on GATE Data Management in Geneva

(9-)'2)

Meeting of the SCOR Working Group on Data Validation
in Geneva {13-14)
(Time and place for additional meetings related to the
other sub-programmes and the Central Programme wi I I be
determ ined Iate r. }
1975
February

The following meetings are tentatively being scheduled
to be held:
(i)

The third session of the JOC Panel on GATE

(iil A JOC Officers' meeting
(iii) The seventh session of the TEB

March

The 15MG ceases to exist by the end of March

Apri I

The remaining activities related to the post field
phase are transferred to the GATE component of
the GARP Activities Office.

August

Workshops on GATE Oceanography (possibly jointly
organized by IOC, SCOR and WMO) in Grenoble, France
(18-22) .
During the IUGG General Assembly in August/September in
Grenob le, a sympos i um on the Fi rst GARP Object i ve wil 1 be
arranged (27-30). Two of the four days wi I I be devoted to
first results from GATE.
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1976

A JOG Study Conference on the Development of the Numerical
f:xpe r imen tat i on Programme ut i I i zi ng GATE Data wi I I be
organized in the begTnningof 1976.

9.

DATE AND PLACE OF THE NEXT SESSiON
The Panel agreed that the next session sh6Lild be held in February

1975

prior to a planned meeting of the JOC Officers.

considered to

b~

a converiieAt place for this meetlng.

Bracknel I (U.K.) was
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Final agenda for the meeting of the JOC Panel on GATE in Dakar,
9 - 13 September 1974.

I.

ORGANIZATION OF THE SESSION
I. I Opening of the session
1.2 Approval of the agenda
1.3 Membership of the Panel
1.4

2.

3.

Participation in the Meeting

SCOPE OF THE MEETING
2. I

End of Field Phase

2.2

Identification of Tasks following the Field Phase

DATA PROCESSING
3. J The Establishment of a GATE Data Advisory Group
3.2

4.

Preliminary Data Sets

GATE PUBLICATIONS
4. I Preliminary Plan for the Publ ication of GATE Data
4.2

5.

GATE Data Information Bulletin

GATE SYMPOSIA, STUDY CONFERENCES AND SEMINARS
5. I

IUGG General Assembly, Grenoble, 25 August-6 September 1975

5.2

Study Conference on the Development of a Numerical Experimentation
Programme uti lizing the GATE Data

5.3 Other Meetings already Proposed
5.4 Symposium on the Scientific Results of GATE
5.5

Traning Seminar on Tropical Meteorology Analysis and Forecasting
Techniques fol Jowing GATE

6.

INSTITUTIONAL ARRANGEMENTS

7.

THE UTILIZATION OF GATE DATA FOR METEOROLOGICAL EDUCATION AND TRAINING

8.

CALENDAR OF EVENTS RELATED TO GATE POST FIELD PHASE ACTIVITIES

9.

DATE AND PLACE OF THE NEXT SESSION
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Extract of the report of the XXVlth session of the WMO
Executive Committee.
4.2

Global AtmbsphericReseatch-Prbgtamme

QAB.P_A.!I~n.!I£I.r£P..!..c~I_E~~r..!..m~n!iG~Tf)

4.2. I

The Director of the International Scientific and Management Group

for GATE (ISMG) informed the Executive Committee of the final preparations
for the Experiment, observing that the final design was very close to that set
out in the original Experiment Design Proposal, and that the prospects for success
were extremely good.

The Committee congratulated the Secretary-General and

expressed warm gratitude to the Director, Deputy Director and members of the
ISMG for their unsparing efforts during the preparatory phase of GATE.
4.2.2

The Committee agreed that it was of paramount importance that the

impetus provided by the planning and operation of the field phase must not
be allowed to subside, but should continue through the data-management,
scientific analysis and research stages.

Accordiingly the Committee gave

careful attention to the planned activities following the operational phase
of GATE in order to ensure that the scientific objectives of GATE were
real ized to the ful lest extent possible.
4.2.3

Noting that JOC and the TEB were in general agreement on the tasks

which would remain after the field phase, the Executive Committee defined
these tasks as fol lows:
(a)

To prepare a record of the field operations;

(b)

To co-ordinate the activiHes of the various GATE SUb-programme
data-processing centres (SDOs) concerned with implementing the
Data Management Plan of GATE and to ensure the orderly flow of
data between them and the production of the final data sets in a
form suitable for analysis and use by the international scientific
community;
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(c) ,To co-ordinate and review progress in the research carried out
by national Institutes and groups on the GATE data with a view
to en$uri ng that the data are fu Ily ana lysed, interpreted and
exploited in a comprehensive and balanced manner, so that
scientific objectives of GATE are achieved to the ful lest
possible extent;
(d)

To ensure that a comprehensive synthesis of the major scientific
results of GATE is prepared and published}

(e.)'

To arrange, in conjunction with other interested bodies, international symposia and conferences to discuss the results of GATE;

(f)

To review the experience obtained in planning, organizing and
implementing GATE and to draw any necessary lessons that may be
valuable for the planning of any simi lar exper.iments in the
future.

4.2.4'1

The Executive Committee agr,eed that overall supervision of the post-

GATE activities should be by the TES which would therefore be maintained for
the time being with its existing terms of reference.

As regards the scientific

advice needed by the TES, the Committee noted that a JOC/GATE Panel already
eXisted, and decided

~o

authorize JOC to expand the membership of the panel

to include additional representatives nominated by WMO and ICSU.' It was
envisaged that

CA~,

IAMAP and SCOR would thereby be represented on the panel

which would be responsible both to JOC and TES.
4.2.5

As regards the ISMG, the Executive Committee endorsed the decision

of TES that the group should cease to exist on 31 March 1975 after completing
the record of 'the field phase of GATE.

In order to carry out the remaining

tasks in paragraph 4.2.3 above, the Committee recal led that at its previous
sess ion it -had agreed to the estab I ishl!llent of an FGGE Project Otf i ce wi th in
the wMO Secretariat (abridged report of EG-X~V, paragraph 4.2.20) and decided
that rather than establish a separate unit for GATE, the planned FGGE Project
Office would be converted into a GARP Activities Office (GAO) whose director
would be responsible to the Secretary-General of WMO.
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4.2.6

The Committee decided that the GATE component of the GAO should

consist of one senior scientist who would exercise a scientific co-ordinating
role to ensure that the overal I scientific objectives of GATE were pursued,
and one expert in data management to perform the necessary co-ordination of the
data processing activities of the five Sub-Programme Data Centres for GATE
and ensure the timely submission of comprehensive data sets to the World
Data Centres.

These two persons should be recruited as international civi I

servants by the Secretary-General of WMO,who was requested to arrange for
suitable secretarial support.

Additional expert assistance needed in carrying

out the tasks should be provided by Member countries through the secondment
of suitable persons.
4.2.7

The Executive Committee considered the implications of the above

decisions on the Joint Planning Staff which is responsible to JOC, and was
of the opinion that the JPS could continue as a unit within the GARP
Activities Office in accordance with the Agreement between WMO and ICSU.
The Committee requested the Secretary-General to convey this proposal to ICSU.
4.2.8

Financial support by WMO to GATE was discussed under item 7. I

(Part I I I.B.4(a) of the budget).

The Committee was informed that the cost

of producing a 30-minute documentary fi Im on GATE was now expected to be
considerably in excess of the amount of $30,000 al located for this purpose
by EC-XXV.

The Executive Committee noted with appreciation that the U.S.A.

offered to contribute $10,000 towards the cost of producing the fi Im, and agreed
to authorize expenditure of a sum not exceeding $30,000 from the appropriations
for 1975 in Part I I I.B.4 of the budget for this purpose.
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LIST OF MEMBERS OF THE JOC PANEL ON GATE
Prof. V. Suomi

JOC

(Cha i rman)

Prof. K. Miyakoda

JOC

Mr. J. Sawyer

JOC

Prof. M. Yana i

JOC

Prof. G.O.P. Obasi

IAMAP

Prof. G. Siedler

SCOR

Prof. R. Pearce

WMO/CAS

LIST OF PARTICIPANTS IN THE SECOND SESSION OF THE JOC PANEL ON GATE
Members:

Invited
experts:

Prof. V. Suomi

JOC

Prof. K. Miyakoda

JOC

Prof. M. Yanai

JOC

Prof. G.O.P. Obasi

IAMAP

Prof. R. Pearce

WMO/CAS

Dr. J. Kuettner

ISMG

Prof. R. Reed

Experiment Review Board

Dr. H. Taba

WMO

Prof. B.R. 0005

JPS
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FINAL REPORT
Richard J. Reed, Experiment Review Board
I•

INTRODUCT ION

The Experiment Review Board was formed for the purpose of reviewing
the progress of the experiment in meeting its scientific objectives. Previous
reports of the Board have reflected to some degree the views of al I members*.
These views were reached either through radio communications or in brief
meetings held during the interphase period. The final report, on the ot~er
hand, has been prepared by the sole member who was present continuously in Dakar
during the field operations and who sti I I remained there at the termination of
the experiment. It should therefore be regarded as a personal evaluation
rather than as a joint assessment.
At this stage it would be premature to make a definitive statement
concerning the success of the experiment in meeting its scientific objectives.
Only after extensive analysis of the data, much of which is not yet in a
suitable form for examination, wi I I it be possible to render sound judgments.
However, it is possible at this time to evaluate quite wel I how the experiment
succeeded in achieving the observational objectives upon which future scientific
results depend. The evaluation wi I I be based on personal experiences with
the data collected here at Dakar - synoptic data, printouts of aircraft
observations, satel lite photographs, facsimi le radar maps - and on a review of
reports prepared by members of the Special Analysis Group, the Sub-programme
Scientists and other participants.
The resident member of the Board enjoyed the privi lege of being present
at the regular sessions held for operational planning and at the many additional
meetings~at were cal led to handle special problems that arose.
At first his
role was mainly that of an observer, but as the experiment progressed he was
encouraged to take a more active role in the discussions. In offering advice
the principle was followed of always keeping uppermost in mind the central
objective of the experiment: the elucidation of the convective scale-synoptic
scale interactions. Each sUb-programme had specialists attached to it who weFe
able to judge the impact of a proposed course of action within their particular
sphere of interest. The key prob lem in deci si on maki ng was to advance the
aims of the experiment as a whole whi le minimizing possible adverse effects on
the various parts. In our view the Director was scrupUlous in seeking the
advice of al I parties to an issue and in keeping central objectives firmly in
vie~l.
In most instances a consensus was reached once a problem was thoroughly
aired so that antagonistic situations rarely developed.
By and large it proved difficult to change the design of the experiment
'in order to overcome unexpected problems that arose. Seemingly straightforward
solutions often were found to have ramifications which were not immed.iately
apparent and which led to undesirable results. Thus alterations were generally
more limited than originally proposed. In retrospect it appears that the
* R.J. Reed. I.G. Sitnikov and V.E. Suomi
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conservative approach was wisest, .and the fact that it worked so well is a
tribute to the quality of the original planning.
It is the personal view of this reporter, perhaps not shared by
others, that the sub-programmes tended to acquire too much of a I ife of their
own. Their objectives attimes threatened to interfere with the conduct of
the overal I experiment. But it would be difficult to prove that the experiment
suffered in a significant way because of parochial interests. Certainly it
would be helpful in mounting future large experiments to cultivate a better
appreciation of the need for upholding central objectives and for subordinating lesser or peripheral objectives to them.
2.

ASSESSMENT OF THE EXPERIMENT

Detai led evaluations of Phase I and I I appear in the earl ier reports.
Here we wi I I review briefly the major conclusions, adding comments regarding
Phase I I I where appropriate.
2. I

Satell ite

After an almost disastrous launch, the SM3 satel lite functioned wel I
througout the experiment, yielding day and night survei I lance of the area under
investigation. The satel I ite data were of considerable help in operational
planning. Their research value should prove immense.
2.2

Synoptic Observations

2.2. I
Land. The percentage of land station reports reaching Dakar and
avai lable for use in operational forecasting and post analysis was disappointing.
However, there is reason to believe that nearly al I scheduled observations were
taken and that they wi I I be received at the Synoptic Sub-programme Centre in
Bracknel I for later analysis. The only known significant fai I ing of the WWW
network over Afri ca was in the extreme western part where two rad iosonde stat ions
were not implemented in time and a third went into operation only during the
Phase I 11.
2.2.2
~ Surface observations were taken as planned except in the A-scale
network where some positions were not occupied al I, or part, of the time.
Unfortunately the programme of upper air observations fel I short of expectations
as regards both the A- and B-scale networks. However, thanks to the reliable
performance of the A/B scale network, there is good reason to hope that synoptic
scale fields wi II be defined with sufficient accuracy for use in budgetary studies
and investigations of scale interactions.
As regards the A-scale network, the deficient performance resulted
both from problems with the wind sounding systems and from the fai lure of
some ships to occupy their positions. As regards the B-scale network, the
deficiency was mainly in the wind measurements. Unti I the data have been
post-processed, the extent of the loss wil I not be known but conceivably 20
per cent of the wind data for the B-scale network may be unobtainable or of
marginal qual ity. The loss in the A-scale network wi II be much greater.
However, with the help of satellite derived winds and cloud patterns, it sti II
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should be possible to meet the objective of defining the large scale flow
patterns.
A more detai led evaluation of the wind performance is given in
previous reports. Here we wi I I simply note that it appears that the improved
performance in the B-scale network, remarked on in the second report, was
ma i nta i ned in Phase I I I and that a further improvement in both qua I ity and
quantity of soundings in the A-scale network was achieved. Because of the
lack of transmission of data from C-scale ships, it was not possible to make
prel iminary judgments of the quality of the wind soundings. Status reports
indicated normal operation of the systems, so presumably the soundings were
taken as scheduled.
Clearly one of the most important post-GATE tasks wi I I be to see
that VLF and Omega winds are reprocessed in the best possible manner and made
avai lable to the scientific community within the specified time frame. In
view of the erratic performance of the wind systems it is essential that
error estimates accompany the individual reprocessed soundings.
2.3

Aircraft

According to preliminary indications the aircraft programme was
extremely successful. By the end of the field operations, the prescribed
number of sorties and desired balance of mission types was very nearly
achieved. Fewer equipment fai lures and groundings were experienced,
especially in the later phases, than is normal for an opearation of such size
and scope. Only the dropsonde aircraft were out of action for prolonged periods.
Even so they flew a considerable number of meteorologically interesting missions
and in the process introduced a new and valuable tool into the meteorological
reperto i r:-e.
A cursory inspection of the data acquired by the aircraft shows
that a remarkably detai led picture of convective fields has been obtained.
It wi II be a difficult and time consuming job to reduce and val idate the
large mass of aircraft data that have been gathered, but from al I signs it
appears that the effort wi I I be wel I spent.
2.4

Radar

Unti I a problem developed with the radar aboard the ship. Oceanographer
towards the end of Phase Ill, the radar programme ran almost flawlessly. Thus
an essentially continuous record of the rainfal I pattern over most of the
B-sca Ie area has been acqu ired. In genera I the radar echoes tenGed to fluctuate
rapidly and move erratically. Often they occurred in banded structures. Facsimi le
radar maps from the Quadra and Oceanographer contri buted great Iy to the success
of the flight planning.
2.5

Boundary Layer

During Phase I, the Boundary Layer Instrument System (BLIS) performed
wel I during undisturbed conditions, yielding intriguing data on the structure
of the planetary boundary layer and its temporal changes. During Phase I I
considerable success was achieved in extending the observations into disturbed
weather regimes. Only in the case of heavy showers were serious problems
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encountered. It seems almost certain that the BLlS data wi 11 E;!xtend our
knowledge and understanding of the behavio~r of the disturbed boundary
layer.
A concentrated boundary layer programme was carried out in Phase I I I
in the C-scale array. involving tethered bal loons. structure sondes. up-anddown sondes. instrumented buoys and gust probe aircraft. An unfortunate
situation occurred when the tethered bal loons on two ships were blown away
during a particularly intense convective episode. but generally the systems
worked wel I. Some of the most interesting convective events took place within
the array whi le aircraft were flying in the vicinity. The prospects are
excel lent that a unique description of the structure and behaviour of the
tropical boundary layer has been obtained in a variety of convective regimes.
2.6

Oceanography

Numerous missions were flown during Phase I I I to measure surface
temperatures and wave heights in the C-scale area. These were accomplished
successfully. During Phase I and I I, the oceanographic programme concentrated
on a study of large-scale currents, particularly the eastward mOVing
Equatorial Undercurrent (or~onosov Current). During Phase I this current
was found to meander in ~ way which suggested the presence of a westward
propagating Rossby wave.
3.

CONCLUDING REMARKS

Despite the disappointing performance of the shipboard wind
soundi ngs, there is good reason to be I ieve that the data co II ected duri ng GATE
wi I I prove more than adequate for achieving the basic objective of the experiment,
namely, the definition of the convective scale~synoptic scale interactions.
In addition they wi I I provide a wealth of information on al I aspects of tropical
meteorology and on atmospheric processes which are of universal importance and
interest. We can feel confident of the scientific success of GATE if the processing
and analysis of the data proceeds as effectively as did the field experiment.
A report on GATE would not be complete without mention of the splendid
working relationship and esprit de corps that existed among the participants.
THe experiment proved beyond doubt the abi lity of scientists of various cultural
backgrounds and political creeds to work together productively and harmoniously
in pursuit of a common goal. The uniqueness of GATE was not so much in its
unprecedented magnitude and complexity as in its integrated attack on a single
problem. It was not simply a case of scientists from the various nations working
on a common theme at aeommon time and place. Their activities were interlocked
and focus sed on a specific question to a degree not previously known in a large
meteorological experiment. It is therefore no small achievement that from this
complex effort there emerged both good science and good wi I I.
The spirit of cooperation fostered during the field phase of GATE
should prove a valuable asset as the scientists of the participating nations
now turn to the ardous task of processi ng, Intercompari ng and exchang i ng the i r
data and extract.ingfrom these data, through mutual effort, the scientific
knowledge which wi I I determine the ultimate success of this large and costly
enterpri se.

INTERNATIONAL COuNCIL
SCIFNT1FIC UNIONS

JOC-X Report, ANNEX E
WORLD MET~OROLOGICAL
ORGANIZATION

O~

REPORT OF THE
SECOND JOC STUDY CONFERENCE
ON THE

MONSOON EXPERIMENT (MONEX)

******
Singapore, 28 October-I Novemb€r J974

JOC-X Report, ANNEX E, p. ii
TABLE OF CONTENTS
Page
I.

ORGANIZATION OF THE SESSION

I

I. I Opening of the Meeting
1.2

Election of the Chair-man

1.3 Approval of the Agenda
2.

SCOPE OF THE MEETING

3.

REVIEW OF MULTI-NATIONAL AND NATIONAL RESEARCH AND OBSERVATIONAL
PROGRAMMES RELATED TO MONEX
... .....•.•. . . . .. .
. .. . .. .•.
. . . . . .. .

4.

....

2

3. I

Indo-Soviet Monsoon Experiment (ISMEX)

2

3.2

National Proposals

2

............•............•....•......................

FORMULATION OF A SCIENTIFIC PROGRAMME FOR MONEX

..•...............

7

4.1

General Scientific Objective for MONEX

4.2

Heat Sources

4.3

Interaction of Monsoon Circulation and Other Circulation Regimes

12

4.4

Interhemisphere Interaction during Northern Hemisphere Winter

17

4.5

Onset of the Monsoon

18

4.6

Active and Break Monsoons

19

Monsoon Di sturbances

21

, 4.7

7

................•.....••.......... "

'"

. .. . .. . .

....••.. -. . • • • . •.• • . • . . • • . • . . . . . . . . • • • . . • . • • • . • . . . . .
•......•••••••••.•........••.•.....•...............

4.8

Arab ian Sea Planetary BoundCiry Layer

4.9

Orographic Effects

• .... .. . . .. . . .. .. .. . .. . .. .. .. .. .. ..

.•...•.••.•••_. •••..•••.••....•

••.•.............

8

26
30

5.

OCEANOGRAPHIC PROGRAMMES FOR MONEX

32

6.

NUMERICAL EXPERIMENTATION

35

...••.•. •••..••••............•....••...............

6. 1 Contro I led Exper imentat ion

7.

•. •• . ••• . . . . . . . . • . . . •. • . •. • . • •• . . • . . . . . •. . . . .

35

..•..•..•..••..••..••........•................

37

6.2

Predictabi I ity Experiment

6.3

Observing Systems Simulation Experiments (OSSE) for MONEX

37

RECOMMENDATIONS REGARDING PRIORITIES AND THE FURTHER PLANNING OF MONEX

39

7. I Grouping of the Main Components of the MONEX

..........................•

39

...•..•...................

40

7.2

Priorities among the Main Components of MONEX

7.3

Timing of the Various Components of MONEX

41

7.4

Recommendations for the Further Planning of MONEX

42

APPENDICES:
A.

LIST OF PARTICIPANTS

B.

AGENDA

JOC-X Report, ANNEX E
I.
I. I

ORGANIZATION OF THE SESSION

Opening of the Meeting

The meeting opened during the morning of 28 October 1974,at the Regional
English Language Centre in Singapore.
Dr. K. Rajendram, Director of the Singapore Meteorological Service, welcomed the
participants and wished them success in their work.
.
In hi~ opening remarks, Prof. B.R. Doos expressed gratitude to the Singapore Meteorological Service for the invitation to meet in Singapore.
Prof. Doos then emphasized that the planning of the MONEX and the Global Experiment
must be closely coordinated and expressed the need that a detai led plan for MONEX be ready
for publication before the end of 1975.
In his opening remarks, Prof. B.R. D50s emphasized that the planning of the
MONEX and the Global Experiment mu~t be closely coordinated and expressed the need that a
detai led plan for MONEX be ready for pUblication before the end of 1975.
A list of participants is given in Appendix A.
1.2

Election of the Chairman of. the Meeting
Prof. J. Smagorinsky was unanimously elected as the chairman.-

Prof. Smagorinsky stated that MONEX is a large sub-programme of the FGGE. The
experiment is proposed for the year 1978-1979 and is an intense observational experiment
during the FGGE period. He felt that we should clearly note the objectives of FGGE and
understand its priorities, so as not to have any conflicts in objectives and resources
arising from the present planning of MONEX. The faci lities needed for MONEX thus also need
to be clearly spelt out.
1.3

Approval of the Agenda
Next, Prof. Smagorinsky presenwed the prOVisional agenda (Appendix B) which was

adopted.
2.

SCOPE OF THE MEETING

The ninth session of the JOC in January 1974 agreed that a Second Informal
Plannning Meeting on MONEX be held and that the main objectives for "this meeting should be:
- to delineate in detai I the specific scientific questions to be addressed and to
develop a scientific rationale for the experiment.
- to consider how to ensure that the FGGE data and faci lities can be tul Iy uti lized
for the study of monsoon phenomena.
- to define the special observation programmes which are needed in limited areas
in addition to the FGGE observations in order to study particular smal I-scale
processes in the atmosphere or the ocean which are critical for the understanding
of the monsoon phenomena.
- to propose relevant national or multi-national programmes to meet foreseen
observational requirements.
to set scientific priorities in the choice of sUb-programmes.
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3.

REVIEW OF MULTI-NATIONAL AND NATIONAL RESEARCH AND OBSERVATIONAl
.~.~

3. I

. PROGRAMMES RELATED TO MONEX

Indo-Soviet Monsoon Experiment (ISMEX)

From 15 May to 10 July 1973 a Joint Indo-Soviet monsoon experiment was conducted
over the Arabian Sea. Four research vessels of the USSR and two of the Indian navy made
a number of cruises across the Arabian Sea, a.lon~ the equator and to the south of it. The
tracks of these vessels are shown in Figs. la and lb. Data have been collected and
exchanged by both participants.
Preliminary results obtained by Indian scientists may be briefly summarised as
follows:
(a)

During the established phase of the monsoon, the trough at 700 mb extends from
Bombay to off the Soma I i coast and ti Its southward with height.

(b)

The moisture seems to be picked up over the Arabian Sea.

(c)

The sea and ambient air temperatures are lowest off the Somali and Kerala coasts
and highes.t over the Gulf of Aden, the north and east Arabian Sea.

(d)

During an active monsoon the sea surface is warmer than the air over the east
Arabian Sea, whi le the opposite is true in a weak monsoon.

(e)

Isotherms in the lower troposphere run parallel to the Arabian coast.

(f)

Inversion over the east central Arabian Sea is seen only during a weak monsoon.
Over the western Arabian Sea, the inversion occurs at lower levels.

(g)

The middle troposphere over the equatorial region is more moist during a weak
monsoon than in an active monsoon.

(h)

The strength of the low latitude jet off the Somali Coast remains unaltered at
about 55 knots between active and weak monsoons.

(i)

The Berson westerlies come to an abrupt stop and get replaced by easterl ieswith
the onset of the monsoon (George and Narayanan, 1973).

The possibi lity of a relation betwe~ Quasi-Biennial Osci! lation in the equatorial
stratosphere and the general circulation in the northern hemispheric troposphere has been
pointed out from examination of earl iers data (Chuchkalov, 1973).

3.2

National Proposals

,Detai led documents prepared by India, USA and USSR, etc., may be obtained from
the GARP Activities Office of the WMO Secretariat.
(a)

India
Dr. P. Koteswaram presented the chief cl imatological features of the summer.monsoon.
He drew attention to the main components of the summer monsoon: the low level
westerl ies, the upper tropospheric easterly jet, the heat low, the monsoon trough
and the warm anticyclone over Tibet. The main features of monsoon disturbances,
breaks in the monsoon and onset and withdrawal were referred to.
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He mentioned that the Indian National Working Group for GARP has prepared a plan
of the observational programme for the 1978-79 MONEX, which he presented to the
Conference. He pointed out that India is very much concerned about the vagaries
of the monsoon and hence first suggested a monsoon experiment at the GARP
Planning Conference in 1970. In 1971, @t the WMO Congress, this was accepted as
a regional sub-programme of GARP. In the meantime, India and USSR undertook a
bi lateral Indo-Soviet Monsoon Experiment (ISMEX) in the summer of 1973. Four
USSR ships and two Indian ships undertook detailed observations over the Arabian
Sea from 15 May to 9 Ju'ly covering the onset, weak and strong monsoon epochs.
The Russians also made rocketsonde observations over the equator, and the Indians
at Thumba. Prel iminary results of the expedition were presented at a seminar at
Cochin, India on 9 July 1973. Besides, data from all the neighbouring areas and
commerical aircraft data are put on the charts. An ISMEX analysis centre has been
set up at Poona.
The synoptic charts for the period had been analysed. Preliminary results are
avai lable and were presented later to the meeting. Dr. Koteswaram also mentioned
the Exercise Storm Exchange"that India undertook in collaboration with the United
Kingdom in 1972. An instrumented Canberra aircraft was used to probe the easterly
jet stream, monsoon depressions and the off-shore trough nea~ the west coast of
peninsular India. Monsoon depressions showed smal I meso-scale circufations
embedded in them.
The Ind i an Nat iona I" Proposa Ish i gh li ght the fo I low i ng aspects of the monsoon:
(i)

Global aspects of the summer monsoon circulation over Asia and Africa to be
studied as part of the FGGE

(ii) Importance of heat sources over the Tibetan Plateau and the monsoon trough
(iii) Meridional (Reverse Hadley) and Zonal Circulation Cells in the vertical
(iv) Interhemispheric transport of mass, momentum and moisture, particularly in
the Soma I i jet
Cv)

Onset and development of the monsoon current over the Bay of Bengal and the
Arabian Sea

(vi) Air-sea interaction overthe Bay of Bengal and the Arabian Sea, particularly
the latter
(vi i) Inversion layers over the Western Arabian Sea and their breakdown and replacement by maritime convection over the east Arabian Sea.
(vi i i) Monsoon disturbances - monSoon depressions, mid-tropospheric lows and offshore vortices off the west coast of India
(ix) Mechanism of monsoon fluctuations - activation, break and re-activation
(x)

Mechanism of break monsoon conditions leading" to widespread droughts in the
country

(xi) Year-to-year variations in the monsoon activity over India related to changes
in global atmospheric circulations
(xi i) Variations of sea-surface temperatures over the Indian Ocean and their effects
on the subsequent monsoon activity.

JOC-X Report, ANNEX E, p. 4
The Ind-ian proposals envisage detai led observational and diagnostic studies as
wel I as numerical simulations experiments both on global as wel I as regional
scales. The ISMEX-1973 has produced some new results over the Arabian Sea and
further experiments are planned by both the participating countries before
MONEX 1979.
(b)

USSR
(i)

In spite of the fact that the most intensive monsoon development is observed
over South Asia, monsoons should be considered first of al I as large-scale
phenomena associated with the seasonal variation of the atmospheric general
circulation. Geographical features of the land distribution in the eastern
hemisphere, its orography and oceans very strongly affect- the seasonal
variation of planetary circulation so that it should be considered as one of
the main large-scale MONEX goals. That is why this MONEX and FGGE goal could
be formulated as fol lows:
(a)

Estimation of the varying seasonal effect of land features, orography and
oceans· in the eastern hemi sphere on the seasona I vari ati on of the heat
balance and disturbance of the seasonal planetary circulation variation.
Seasonal varia~ons of the planetary circulation and heat balance should
be estimated for the different phases of the monsoon development beginning from their onset to their maximum development.

(b)

Planetary scale causes of monsoon breaks should be investigated as wel I
as their effect on the time of the monsoon,onset.

(c)

Parameterization of those seasonal geographic effects should be an
important MONEX and FGGE goal to take them into account in the numerical
simulation of the planetary circulation.

(d)

It is desirable to make such estimation (during the preparation of the
Global Experiment) for different phases of the quasi-biennial wind
cycle in the equatorial stratosphere.

The solution of the problems mentioned above is possible by using combined
FGGE and MONEX observational data.
(ii) One can suppose that the variation of planetary circulatton over Asia, due
to the influence of geographical features of the'continent, results in a
number of independent meso-scale (regional scale) circulation mecha'nisms
and some of them are not observed over other areas of the globe. The stUdy
of these objectives is possible by means of MONEX observational faci I ities.
Among the objecti.ves of the mesa-scale circulation study, as well as problems
requiring independent observations and study within MONEX, one should mention
the following:
(a)

Investigation of the conditions and structures of the equatorial wester~
I ies (south-west monsoon) over the Arabian Sea and the Bay of Bengal.

(b)

Determination of the relationship between the circulation of south-west
v/inds over the Arabian Sea and trade winds in the southern hemisphere.

(c)

Determination of the relationship between the circulation of south-west
winds over the Arabian Sea and the effect of the oceanic equatorial and
Soma I i currents as wel I as upwel ling phenomena.
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(d)

Investigation of the atmospheric boundary layer along with the estimation
of the heat and mdsiure exchange and transport· over the equator and ov~r
different parts of the area of the equatorial Arabian Sea south-west winds.

(e)

Investigation of the structure of the inter-tropical convergence zones
in the northern and southern hemispheres and conditions of their
migration in relation to the monsoon development.

(f)

Determination of the formation, movement and development conditions of
tropical depressions in relation to the migration of convergence zones
over the Bay of Bengal and the area between the Indus and Ganges
valleys, in particular.

(g)

Determination of the role played by the east equatorial jet stream in
the monsoon development and generation of regional mechanisms of the
monsoon circulation.

(h)

Estimation of the regional circulation mechanisms during the periods of
monsoon breaks.

(i )

Numerical simulation of the onset and development of the south-west
monsoon taking into account seasonal variation of the planetary
circulation as wel I as its regional mechanisms.

Observational Requirements
(a)

It is desirable to have at least 3-5 observational periods of a
duration of not less than 10-15 days.

(b)

It is desirable to use the same programme and number of observations
during all the observational periods.

(c)

A mobi le group of ships should be envisaged consisting of 3-5 ships
which wi I1 make during each period a number of stationary cross-sections
and determine the balance components characterizing the behaviour of
the main circulation objectives.

In March and August of .1974 the Japanese National Committee for GARP held two
scientific meetings. A MONEX study group was formed.
It identified three
research areas:
(i)

Analysis of disturbances related to monsoons

(i i) Numerical simulation of monsoons
(i i i) Climatological statistics
The National Committee is at present busy with AMTEX I (February 1974) and wi I I
also be participating in the next winter's experiment, i.e., AMTEX I I (February
1975), Some aspects of AMTEX are· re Iated to the winter monsoons and thus they
may provide useful information for the seasonal monsoon problem.
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A major Japanese contribution to MONEX wi II be the geost<;ltionary satell ite to be
launched at the end of 1976. The opinion was expressed that this might be a
I ittle too early considering that the real needs of the data wi I1 arise during
1978 and 1979.
The satel lite would hopefully have a I ife sp~n longer than
3 years.
Meanwhi le,the Japanese group stated that they are looking forward to the JOC
MONEX document, which is expected to be completed by 1975.
(d)

U.S.A.
The first meeting of the U.S. MONEX Panel was held in Princeton, Apri I 1974. This
was a first attempt by some leaders of "the United States scientific communi~y
whose work is relevant to the Asiatic monsoon J topcol together the elements of a
meaningful experiment within the context of the First GARP Global Experiment (FGGE).
As it turns out, the opportunities presented by the FGGE observational system
permit many of the elements to be considered independently of each other in the
first instance. Nevertheless, they are enumerated and qual ified without an
attempt to assign relative priority. A detai led study of resource impact and an
analysis of possible confl icts should be made with due consideration given to the
fact that al I elements need not, and in some cases should not, be schedwled
simultaneously.
Furthermore, although the areas discussed emanate from a group of United States
scientists with specific personal and institutional preferences, the elements of
the Report of the First Meeting of the MONEX Panel to the U.S. Committee for
GARP (1974) should not, at this stage, be taken to represent United States'
preference5, but rather a presentation d the elements of a possible total
international programme to be discussed in the Second Informal Meeting on MONEX
in Singapore in October 1974. As such, the report provided a reasonably broad
and valid list of alternatives which could be of considerable utility to the
international community interested in the monsoon.

JOC-X Report, ANNEX E, p. 7
4.

FORMULATION OF A SCIENTIFIC PROGRAMME FOR MONEX

In the following, sections 4.2 through 4.4 refer to global aspects and sections
4.5 through 4.9 to regional aspects of the monsoon; section 4. I is devoted to a discussion
of the general scientific objective for MONEX.
4. I

General Scientific Objective for MONEX

Within the context of the planetary general circulation, the Asia-Europe-Africa
continental complex is the largest disrupting surface irregularity. Its role is primari Iy
thermal, in that it provides a lower boundary of smal I heat capacity embedded in a world
ocean of near infinite heat capacity; The seasonal variation is most pronounced away from
the equator, and it is the very large-scale land-sea contrast and its seasonal variations
which drive the planetary monsoon circulation as the near dominant element of the general
circulation.
The orographic barriers (for example, the Himalayas and Burma Mountains), the
individual characteristics of the adjacent seas (the Indian Ocean, the Arabian Sea, the
Bay of BengaJ, the China Sea, etc), the possibi I ity of baroclinic i~stabi lity, and even
the proximity of Indonesia and Austral ia, provide exceedingly important modifications to the
atmospheric response, which collectively we refer to as the monsoon.
One can separate the problem of observing and understanding the broad planetary
monsoon from that of observing and understanding the important and difficult regional
components, although the two scales are strongly coupled. The p.lanetary monsoon can
probably be studied within the year-long FGGE proper, whereas the regional facets wi I I
require special regional observing systems activated over a few periods during the FGGE
year. As is characterist·ic of the total ity of problems in GARP, the role of the ocean and
t~ complexities of its interactions with the atmosphere are an integral part of the monsoon
prob lem.
Large-scale Aspects of the Monsoon
Here we wish to understand the energetics and gross characteristics of the seasonal
atmospheric response to the presence of the As i a-Europe-Afri ca "island". It is perhaps
simplest, in the first instance, to take as known the annual variation of the distribution
of sea-surface temperature. Clearly, one must deal ultimately with the 'coupled atmosphereocean-land system in which the sea-surface temperature becomes a predicted variable. This
degree of non-I inearity is essential to understand interannual variabl I ity and ultimately
the dynamics of climatic changes over a' large span of frequencies (see also 4.2).
The elements of the FGGE observational programme for a ful I year satisfy the
primary requirements. However, special emphasis for MONEX lies in ensuring the provision of:
- the sea-surface temperature
vertical wind structure, especially in the equatorial zone
- quantitative measurements of precipitation over the oceans and continents
- snow cover.
One of the important aspects of FGGE, as well BS of MONEX, may be to construct
joint ocean-atmosphere models which are capable of reproducing seasonal and interannual
variations of the monsoon. Such models are useful not only for identifying the physical
, factors which control the monsoon by use of various control led experiments, but also for
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performing the extended-range forecast. Unfortunately, the various coupled ocean-atmosphere
models which are avai lable at present are not real istic enough for'such appl ications.
It is therefore recommended to validate the atmospheric and oceanic parts of the
models separately. Intensive oceanographic theoretical studies are required in order to
incorporate the results of GATE, AMTEX, and NORPAX, for the better parameterization or
resolution of meso-scale eddies, the mixed layer, and special ocean currents. Simi larly,
the results of experiments such as AMTEX and GATE wi I I permit improved parameterization of
the atmospheric boundary layer and cumulus convection. It is desirable to try to simulate
the seasonal variation of the monsoon circulation by use of a global model of the atmosphere.
Data from the FGGE are excel lent for verification of the model. When the atmospheric model
is val idated satisfactori Iy, one can then carry out numerical experiments in order to
identify various factors which influence the character of the monsoon phenomenon.
Regional Aspects of the -Monsoon
The main strategy of the Indian plan is to have a reasonable network in the
general monsoon area and to have fine mesh observations in the cyclogenetic region of north
Bay of Bengal, over the eastern Arabian Sea and along the Soma I i coast in the region of low
level strong winds.
It is recommened to carry out the regional numerical experiments by use of a
regional joint model with high computational resolution. (The computational domain is
limited to the Indian Ocean region.) The boundary conditions for the atmospheric part of
this model could be obtained from a global atmosp~eric model with seasonal variation and a
relatively coarse computational resolution. With such a model one can study not only the
mechanisms of ,local interactive phenomenon, such as the Soma I i current, but also the role
of the large-scale circulation in the Indian Ocean upon the monsoon circulation. Such
activities should be conducted before, during and after FGGE, as suggested in the Report
of the First Meeting of the MONEX Panel to the US Committee for GARP (1974).
4.2

Heat Sources

4.2. I

Mean Heat Sources
(a)

Scientific Problem
The vast, elevated Tibetan Plateau acts as a heat source in the mid-troposphere,
with strong convection activity in south86stTibet. In the Assam plains, the
average dai Iy rainfaJ I is 26 mm, corresponding to about 1350 Iy/day. This
amount would be sufficient to heat the atmospheric layer between 950 and 200 mb
by approximately 7.5 0 C/day. However, no rainfall dataareavailable over the vast
Changtang Plateau between SOoE to 90 0 E. It is important that during MONEX a
sufficiently dense network of rainfal I stations be establ ished over that region.
Flohn (196S) estimated the sensible heat flux over an elevated semi-arid surface
in westemTibet to be about 250 Iy/day, which is of the same order as that over
a sea level desert at'the same latitude. However, this estimate was made by
using a rather I imited data coverage. During MONEX, we wi I I require direct
measurement of sensible heat flux at several stations over the Tibetan Plateau.
Radiation
measurements are also essential.
During the northern summer, a large zonal asymmetry of heating is encountered
along about 20 0 N with' the most intense positive heating (~400 Iy/day) over the
Indian region, contrasted with marked cool ing over the Arabian Sea and the
Pacific and Atlantic Oceans (Katayama, 1964; Kubota, 1970). The latent heat
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accounts for approximately 80% of the total variance whi le the contribution due
to radiative effect and sensible heat flux is substantially smal I (20%). A
pronounced zonal asymmetry of heating is also found over' the equatorial area:
anomalous heating regions appear over the maritime continent (Indonesia) and the
equator'ilal continents (Equatorial Africa, Central America and Brazil), while an
anomalous cooling region exists over the equatorial central Pacific. Previous
estimates of diabatic heating were based on observed ranfal I distributions, which
are inevitably biased towards continental regions; the oceanic areas are ve~y
poorly covered in comparison. The data coverage for radiative heating and
sensible heat flux was also poor. Furthermore, the estimates were only for
vertically integrated heating. It would be useful for MONEXas wel I as for the
FGGE to obtain adetai led vertical profi le of diabatic heating, because the
behaviour of atmospheric motions depends sensitively on the vertical scale of
heat sources.
The atmospheric response' induced by diabatic heat sources is very sensitive to
the Coriolis parameter and the basic zonal mean flow. Based on a linear, 2-layer
primitive model with steady heat sources prescribed as an external parameter,
Webster (1972, 1973b) argued that different wave modes are excited within and
without the equatorial zone,and with tha easterly basic flow. Within the easterlies, much of the structure of the steady waves excited by the equatorial heat
sources corresponds to that of rotational Iy trapped Kelvin waves with extremely
weak response in v and strong response in u. In extra-tropical latitudes, the
response appears to be of the Rossby type with both u and v velocity components
contributing equally to wave motions. This point was reconfirmed by Murakami
(1974c), using a non-linear, 9-layer, spectral model.
Over the monsoon region, there exists a dominant east-west thermally direct
circulation, besides a meridional direct circulation (Koteswaram, 1960;
Krishnamurti, 1971; Murakami, 1974 a and c). Thus, both u and v components of
winds are of equal importance for maintaining the monsoon circulation. In
Murakami
model, the easterl ies (westerl ies) which occur as the upper (lower)
branch of the east-west circulation, attain their maximum speed at about 60 0 E
(80 0 E). Thus, the east-west thermally direct circulation is characterized by
the predominance of wet cl imate to its east (India and South-east Asia) and
persistent dry weather to its west (Midd~e East and Africa).

's

Except for the central Indian Ocean, upper equatorial winds are predominantly
zonal. The presence of strong upper westerl ies over the equatorial central
Pacific is particularly conspicuous, as noted by Manabe et al. (1970, 1974),
Krishnamurty (1971), Webster (1972, 1973b) arid Murakami (1974cl. The westerl ies
are directly related to the outflOlq from the diabatic heat source over the
maritime continent. Outflow from this heat source is carried off both towards
'the west as easterlies and towards the east as westerl ies. The westerl ies
converge into the heat sink (radiational cool ing) region over the equatorial
Pacific dry zone. This planetary-scale, zonally oriented circulation corresponds
to the so-ca I led Walker circulation and in many respects resembles the atmospheric
Kelvin waves. The Walker circulation is one of the primari Iy important entities
of the large-scale circulations during the northern summer. It is of interest
to investigClte the conditions under which the Walker circulation changes its
intensity and location and in what way it interacts with the monsoon circulation.
(b)

Observational Requirements
Knowledge of the radiative flux divergence is of importance in the long-term
control of the structural features of the man soon circulation and other circulation regimes during the northern summer.' It is therefore
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hoped that during MONEX and/or FGGE sufficient radiometersonde stations wi I I be
established over an extensive region for an assessment of radiative flux divergence, particularly over the Arabian and Sahara deserts and the central and
equatorial Pacific. Radiation measurements from meteorological satell ites wi I1
be an important supplement to these station data.
It is recommended that a dense rainfall network over the southeast Tibetan _Plateau
and the maritime continent (Indonesia) be established during MONEX. It is al.so
of -essence to obtain a rainfal I distribution over the entire tropics that shows
no bias between oceanic and continental regions. The determination of rainfal I
over the oceans would perhaps require adequate interpretation of sate I lite
observed cloudiness.
It is highly desirable to measure the sensible heat flux in the arid desert
regions. This quantity appears to be important in determining the intensity of
surface heat lows and mid-tropospheric anticyclone over the Thar and Arabian
deserts.
In summary, the observational requirements of MONEX should include al I possible
components of the heat balance that can be measured.

(a)

Scientific Problem
Variabi I ity of monsoon rainfal lover various parts of India has been studied in
some detai I by Indian workers. The Indian Meteorological Department has prepared
maps of the coe-fficient of variation of rainfall on a monthly, seasonal and
annual basis. Low variabi lity over high-rainfal I areas of northeast India and
the West Coast and high variabi I ity over the arid and semi-arid areas of
Rajasthan and the interior peninsula have been brought out. Examination of time
series for 50-100 years of annual and monsoon rainfal I at a number of stations
revealed that, except along the West Coast, no significant trends or periodicities
exist (Koteswaram and Alvi, 1970). Along the West Coast north of 130 N there was
a distinct increase of rainfal I from the beginning of this century to about 1960.
Quasi biennial osci Ilation (QBO) in rainfall has been found at a number of
stations in the country. The relationship of QBO in rainfal I with QBO in the
atmospheric winds and temperatures is worth investigating.
Murakami (1974d) computed the standard deviation of monthly mean satell ita cloud.ness for June, July and August during the 9-year period, 1965 to 1973, over the
- tropical belt between 25 0 S and 250 N. The standard deviation was found to be
largest over the monsoon region, exceeding 0.6 okta at 25 0 N, 80 0 E. From a
computation of correlation coefficients, he noted that changes in cloudiness over
India are negatively correlated with the corresponding changes over the central
North Pacific (-0.6 at 20 o N, 170 0 W) and the western North Atlantic (-0.6 at 15 0 N,
50 0 W). Perhaps this indicates that changes in the monsoon activity are related in
in some way to abnormal events occurring over a much larger area.
It is also worth noting that cloudiness changes over the southeastern Pacific are
approxImately out of phase (negative correlation) with those over the IndoMalayan region and the southeastern Atlantic. Doberitz (1969) found that the
changes in the atmospheric and oceanic circulations of the southeastern Padfic
and the South Atlantic are very simi lar, but in the opposite direction.
Bjerknes (1969) has identified the El Nino cycle as the Southern Osci Ilation,
which as Walker (1924) described, reflects an inverse relationship between sea
level pressure anomal ies over the southeastern
Pacific and over the IndoMalayan region.
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During the g-eatEI Nino of 1972-73, a positive sea surface temperature anomaly
was coincident with above normalrainfal I in the central Pacific, whi le east
of 1200W, warmer equatorial water was associated with large negative rainfal I
changes (Ramage, 1974), A large negative rainfall change was also observed
west of 14S o E (the Indo-Malayan region). He then suggested an equatorial zonal,
vertical circulation anomaly consisting of two cel Is whose anomaly rising
branches over the central Pacific region and whose sinking branches reduce the
rainfal I to the west and east. The same suggestJon was made in earl ier works of
Krueger and Gray (1969). Verification of their hypothesis would probably require
much more data than are currently avai lable in the tropics. From rather limited
data sources (only 9-year data), Murakami (1974d) showed that cloudiness changes
over the equatorial Pacific are inversely correlated with those over the
equatorial eastern Pacific and over the Indo-Malayan region.
During the 1972 northern hemisphere spring and summer, Peru experienced the
worst flooding in 40 years, whi le Indian monsoon rains were deficient and severe
drought occurred in New Guinea. These features strongly suggest a form of
atmospheric teleconnexion between these abnormal events occurring throughout the
entire atmosphere.
In an attempt to investigate the atmospheric teleconnexion mechanism, Murakami
(1974c) carried out a series of controlled numerical experiments, using a 9-layer,
non-linear, spectral model. In the first experiment, an idealized heating anomaly
was prescribed over the monsoon region to see if it could excite substantial
response very far from the source region. The surplus energy furnished over' the
monsoon region is exported equatorward, as confirmed from the calculation of
wave7energy flux (the zonal mean of the product between meridional wind and
geopotential height). The increase in wave-energy flux, most effectively
accompl ished by wave-number I, contributes to excite anomalous zonal wind perturbations over the equatorial region, which takes the form of asymmetrical waves
extending al I the way around the globe. Particularly striking is the occurrence
of a strong westerly response over the equatorJal central Pacific, with horizontal
convergence (divergence) to the east (west) of about 140 0W. It is speculated
that this anomaly convergence, in turn, induces non-zero heating changes over
the equatorial Pacific rather than zero forcing as assumed in the first experiment.
At any rate, the computed results strongly suggest the possible existence of
atmospheric teleconnexion between the monsoon region and the equatorial central
Paci f i c.
In the second experiment, hypothetical heating anomalies were specified over the
equatorJal central Pacific, while anomalous tool ing was prescribed over the
Indo-Malayan region. The upper outflow from the anomaly heat source flows off to
the east and west, and only a minor portion is directed toward the north and south.
It appears that the anomaly circulations in many resepcts resemble atmospheric
Kelvin waves, confined within about 150 of the equator. Thus, the equatorial'
heating (anomaly) does not cause any significant change in the extra-tropical
circulation. However, this does not prOVide any information concerning the
origin of equatorJal anomaly heat sources.
(b)

Observational Requirements
It is of essence to monitor many years of data before, during and after MONEX.
Scientists should be encouraged to examine these data in order to investigate
the physical behaviour of anomalous climate, which is the primary goal of the
second GARP objective.
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The FGGE data should be augmented by wind data extracted from geosta}ionary
satell ite systems, which would provide essentially cont'inuous observations of
low level winds in the tropics and some determination of upper level winds.
Detai led temperature sensing from vertical temperature profi le radiometers on
board the meteoro Iog ica I sate I lites shou Id a Iso be planned for and obta i ned.
A maximum uti lization of commercial aircraft data, commerical ship data,
carrier balloon dropsoride data and constant-level balloon data is also needed.
(c)

Numerical Experiment
A control led experimentation programme would be invaluable towards testing and
identifying the physical factors which control inter-annual changes in the
monsoon circulation. It is important to formulate various ocean-atmosphere
coupled models which are real istic enough to be appl ied to such control led
experimentation programmes.
An important problem consists of finding the means of procuring information about,
and defining, anomaly heat sources adequately. The horizonal and vertical scales
of the anomaly heat sources should be carefully determined.
Control led numerical experiments that deal with the effects of sea surface
temperature (SST) and snow cover are discussed later in 'section 7. I.

4~3

Interaction of Monsoon Circulation and Other Circulation Regimes
(a)

Scientific Problems
Scale interacti~ns are usually defined In terms of a zonal (one-dimensional)
wave number (Saltzman,1970) or via the use of a two-dimensional wave number
(Baer, 1972>' We should try to define the monsoon circulations as a distinct low
wave number mode in such a scale resolution. Such a definition is essential for
studies of scale interactions; i.e., energy exchanges (both kinetic and potential)
among various waves, zonal flows, steady flows, transients and heat sources and
sinks. Such formulation would then define what we mean by the interaction of
monsoon circulations and other regimes. A number of these interactions involve
triple correlations among the usual meteorological variables; e.g., (u,u,v),
(u,v,v), (u,v,T), etc.
Based on 200 mb wind data during the three s'ummer months of 1967, Kanamitsu et al.
(1972) measured the wave-wave interaction terms for the channel between 15 0 S and
15 0 N. One of their important findings is that synoptic waves of wave numbers
about 8 receive their kinetic energy from ultra long waves with wave numbers I,
to 3. Colton (1973) found In his barotropic model experiment that a wavelength
range of 6000-8000 km is a preferred mode for receiving kinetic energy through
non-I inear interactions with transient parts of ultralong waves In the equatorial
tropical upper troposphere. It is important that during MONEX measurements be
made of the non-I inear interaction terms not only of kinetic energy but also for
avai lable potential energy in an energy spectrum. This would provide fundamental,
information on the processes whereby the energy balance is achieved to maintain
the large-scale monsoon circulations.

(b)

Observational ReqUirements
Focussing our attention on data requirements poses the question of what kinds of
observations in space and time are requisite during MONEX, for an adequate
evaluation of scale interactions. Perhaps this question could be suitably
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addressed if observations of winds, pressure, temperature and moisture are
monitored once every 12 hours with a horizontal resolution of 500 km during a
2 or 3 month period. In addition, temperature flrom satel I ite observations could
be a very useful source of supplementary information.
4.3. I

Inter-hemispheric Interaction
(a)

Scientific Problem
The upper westerly jet stream, which is known to circle around the southern
periphery of the Tibetan Plateau during the cool season, shifts northward and
strong easterl ies develop near 150 mb at the beginning of and during the
summer monsoon (Koteswaram, 1958). Based on a simple barotropic model with a
. horizontal divergence prescribed as an external forcing, Murakami (1958) showed
that diabatic heating over Tibatplays an important role in replacing the upper
westerlies with easterl ies. However, his barotropic model is inadequate to
investigate the changes in winds in the lower troposphere below about 500 mb. In May
weak and shal low westerlies prevai I near the surface in association with a heat
trough, which is capped by a mid-tropospheric anticyclone near 700-500 mb over
central India with easterl ies to the south. After the onset of the monsoon, the
monsoon westerlies become deep extending from the surface to about 500 mb with a
maximum intensity near 850 mb. Dur.ing MONEX, scientists should be encouraged to
develop numerical models which could simulate the rather rapid change in winds
occurring over the entire troposphere at the initial stage of the summermonsoon.
One could speculate that if global-scale disturbances .generated in the southern
hemisphere are intense and persistent, they may propogate into the northern
hemisphere across the equator, and through the process of "critical lati'tude
absorption" the westerly jet may eventually disappear and an easterly wind may
replace it in the upper troposphere whi le the intensified cross-equatorial
southerly flow in the lower troposphere may deepen and accelerate the monsoon
southwesterlies. Verification of this hypothesis would probably require much
more data than are currently avai lable in the tropics, particularly in the
southern hemisphere. It is important that measurements be made of the wave energy
flux at the equator before and after the onset of the monsoon.
The monsoonal flow in the lower troposphere below about 500 mb undergoes rather
drastic changes in assodation with "active" and "break" monsoons (4.5. I). During
a severe Ifbreak" monsoon, winds near 500 mb, which should normally be wester I ies,
are rep Iaced by easter lies over centra I and south Indi a and these easter lies work
downwards replacing the normal strong wester I ies of the 700 and 850 mb levels
(Dixit and Jones, 1965). Based on the satel lite cloud.iness data for the 9-year
~eriod from 1965 to 1973, Murakami (1974d) showed that the changes in cloudiness
over India are positively correlated to those over the maritime continent and
over the Coral Sea near 20 0S, 1600 E. Perhaps this indicates that the phase change
between "active and "break" monsoons should be viewed as a part of large-scale
lateral and vertical coupling processes between the northern and southern hemispheres. Further study is warranted in order to investigate these problems.
During the summer monsoon, a strong cross-equatorial northerly current is
encountered in the upper troposphere near 200 mb (8 m sec-I) over the central
Indian Ocean, carrying easterly momentum into the southern hemisphere. This
northward flux of westerly momentlJm is associated with an ENE-WSW ti It of ultralong
waves during the monsoon season (Krishnamurty, 1971). In a numerical model·
experiment, Murakami (1974a) showed that when the diabatic heating prescribed at
280 N, 1000E intensifies ("active" monsoon), the northward flux of westerly
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momentum at the equator increases, but it diminishes as :the prescribed heating
decreases ("break" monsoon). The wave-energy flux in th is mode I was directed
southward across the equator, although it changed intensity in association with
the fluctuation in prescribed heati~g. No o~servational inf6rmation has thus far
been avai lable concerning the sensible heat and wave-energy fluxes across the
equator. The measurements of low-level, cross-equatorial latent heat (moisture)
flux were previously made by Pisharoty (1965), Findlater (1969) and Saha (1970).
(b)

Observational Reguirements
The dai Iy values of cross-equatorial transport of momentum, sensible heat and
wave energy should be monitored during the entire MONEX period for a better understanding of the interaction between the summer and winter hemispheres. For this,
special aircraft operations are required over the equatorial Indian Ocean where
the conventional radiosonde network is extremely poor. A ful I uti lization of
sate I lite observed wind and temperature, carrier bal loon dropsonde data and
constant-level data is also necessary •.

(c)

Numerical Experimentation
An important question should be answered through numerical experiments. Is it
possible to explain the changes in the monsooJ;l wind system at the beginning of
the monsoon season and/or during "brea~' monsoons without remote forcing of. the
southern hemisphere? The contrary question should be raised. Is it possible
that the monsoon fluctuations may, in turn, significantly influence the circulation changes in the southern hemisphere?

4.3.2

with the Central and Western Pacific
-Interaction
---------------------(a)

Scientific Problem
The upper tropospheric trough is a dominant feature of the summer circulation over
the Pacific. Considerabl~ synoptic activity is encountered in the upper' troposphere as contrasted with less activity in the lower troposphere where easterl ies
prevai I.
The mid-Pacific trough occasionally extends as far west as 1000E with
several cyclonic vortices· in it, sometimes faci I itating the development of typhoon
over the South Ch i na Sea (Sad Ier et a I.. 1968). When a severe "break" monsoon
occurs over IndIa, the lower-tropospheric anti-cyclonic axis shifts southward over
the west~rn Pacific (Ramamur~, 1972). Perhaps these features are indicative of
monsoon interaction with the circulation regime over the Pacific. Further
observational evidence is needed to ascertain this interaction.
A marked band of cyclonic vorticity stretches west-southward from the central
North Pacific, across the South China Sea, India~and the Arabian Sea and into
equatorial west Africa (Murakami, 1974c). This band coincides with the axis of
mid-Pacific trough over the North Pacific and is located slightly to the south
of strong easterl ies over the monsoon region. Parallel with the band, the
meridional gradient of relative vorticity has large negative values, indicating a.
possible development of transient unstable waves by local barotropic instabi lity,
as suggested by Kanamitsu et al. (1972), Colton (1973) and Webster (1973). A
study by Colton, using a simple barotropic model of the upper tropical troposphere,
tends to support (a Ithough a matter of contrOlersy) th is poss i b i I ity, and tho.ugh
distinct modelling problems existed, he was at least able to suggest that disturbances propagate from the mid-Pacific trough along the easterly maximum and over
the Indian Ocean. During their passage, these disturbances interacted with the
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large-scale flow producing surges or variations in Intensity of the upper tropospheric easterly jet.
The importance of these barotropic unstable disturbances in the development of
monsoon depressions appears to be in some doubt. Besides theoretical problems
regarding the propogation of these waves downward to the lower troposphere,
there appears to be no observational substantiation to link depression development
with their passage. One exception is a study by Koteswaram and George (1958),
who with I imited data and case studies claimed a connexion between the two events.
(b)

Observational Requirements
The upper air monitoring of the region between the mid-Pacific and the Indian
Ocean should be improved to the extent that the development and propagation of
the barotropic unstable waves can be detai led.
To sense the variation of the easterly jet stream itself, constant-level bal loons
could be introduced into it at 15 km in the Pacific Ocean, and their passage
monitored across the Indian Ocean and Africa.

(c)

Numerical Experimentation
An investigation is necessary to determine the vertical propagation properties of
the upper level disturbances. The following question could be raised. Is it
possible to explain the development, structure and evolution of a monsoon
depression without the influence of an upper tropospheric perturbation?
In addition, it is recommended to evaluate the influences of sea surface temperature anomaly in' the western Pacific upon the activities of tropical cyclones and
those of the South Asian Monsoon.
with Mid-Latitude Waves
-Interaction
----------------

4.3.3

(a)

Scientific

Problem

The steadiness of upper'winds is quite high (~90%), indicating rather weak
synoptic activity in the upper troposphere over the monsoon region. This is
perhaps due to the presence of strong easterlies which inhibit the upper tropical
troposphere from coupling laterally with the.uppe·r mid-latitude troposphere and
vertically with the lower tropical troposphere where the westerl ies are predominant with considerable synoptic activity (4.7). Due to insufficient upper air
'data over and around the Himalayas, observational information is scanty concerning
the lateral coup I ing processes of the monsoon circulation with waves in the
westerlies. Only a few synoptic studies have so far been made in this particular
area of monsoon problems. Ramaswamy (1962) and Ramamurt.hy~1972) reported that the
southward protrusion of a large ampl itude trough in the mid-latitude westerl ies,
although not frequent, leads to changes in upper flow fields over India.
The Tibetan Plateau inhibits the interaction of the monsoon circulation with mid-'
latitude waves in the lower troposphere. However,the eastern edge of the Tibetan
Plateau being oriented from north to south faci I ita-es' active lateral interaction
over southeast China and Indochina, Due to, the occasional penetration of eastward
propagating waves as ·far south as lOoN, most pronounced near 500mb, the steadiness in the low-level winds is lower over southeast Asia (70-80%) than other
parts of the monsoon region (80-80%), The warm and humid monsoon southwesterlies
carry vast amounts of sensible and latent heat energy from India and Indochina
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through south and central China across the East China Sea to Japan and beyond
(4.7.3).
Based ,on a two-layer primitive equation diagnosflc model, Webster (1972, 1973a)
showed that, although the latent heat is responsible for most of the atmospheric
response in the tropics, orography and remote (prescribed at the northern
boundary) effects become more important in exciting steady response in the subtropics. In his 10-layer numerical model, Murakami, M. (1973) investigated the
effect of forcing specified initial Iyat the mid-latitude boundary as a marching
problem with respect to time. He found that the response is very sensitive to
the vertical scale of forcing, i.e. larger vertical scales are 'more favourable
for wave penetration into the tropics. An analytical study by Chang (1974)
reconfirmed this point.
(b)

Observational RequiremenTs
A detai led description of the lateral coupling mechanism, through which the monsoon circulation pa-chance interacts with waves in the upper westerl ies, demands
an improved monitoring of the upper air in the vicinity of the Tibetan Plateau.
Sensible and latent heat transports, pronounced over Southeast China and Indochina,
need to be measured accurately, with perhaps a horizontal scale of 200 km and a
vertical resolution of 0.5 km in the lower troposphere.

(c)

Numerical Experiment
The basic flow at 200 mb is, in the long term average, westerly (easterly) to
the north (south) of approximately 30 0N, corresponding to a critical latitude for
steady (non-propagating) waves. This prompts the question of whether it is
possible for eastward propagating waves in the upper westerlJes to penetrate deep
into Indian latitudes. It is, thus, of essence to formulate theoretical models,
with orographic effects included, appropriate to the investigation of the lateral
coupling processes during the summer monsoon.
-

(a)

Scientific Problem
The qu~sl-two-week periodictiy in the stratosphere has been studied from various
viewpoints (Angel I et al., 1973; Mi Iler, 1974; Hirota, 1974>' By making use of
data of rocket sound i ng, Hi rota (1974) showed the interact ion between tl}e monsoon
- actiVity in the sub-troposphere and the fluctuation of upper disturbances in the
middle stratosphere. The dynamical and thermal coupling of the tropospeeric-and
stratospheric circulations must be examined as one of the supplementary programmes
Qf MONEX.
The existence of equatorial stratospheric waves, confined to within about 100 of
the equator, was confirmed by Yanal and Maruyama (1966), and Wal lace and Kousky
(1968). Kelvin waves are predominant when the westerly shear zone is descending'
through the stratosphere in the biennial osci I lation, whi le mixed-Rossby gravity
waves are generally associated with the descent of easterly shear zone.
Holton (1972) has investigated the generation mechanism for these vertically
propagating waves and has found that a standing osci I lation of convective activity
could excite such waves. In his diagnostic model with diabatic heat sources
prescribed as an external forcing, Murakami (1972) showed that monsoon ralnfal I
fluctuations with periods of about 16 days are capable of exciting Kelvin waves
with u-ampl itude of about 8 m sec-I. The westerly momentum carried upward by
excited -Kelvin waves damps out rapidly above about 25 km due to existing dissipation,
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thereby resulting in the westerly acceleration accounting for the downward propagation of the westerly shear zone in the quasi-biennia.l osci Ilation. Based on
a simple, yet comprehensive, one-dimensional prototype model, Holton and Lindzen
(1972), investigated the quasi-biennial osci Ilation of the alter:nating easterly
and westerly wind regimes at 17 to 30 km altitudes above the equator. In their
model the local zonal acceleration of the mean flow is balanced by the vertical
convergence of the momentum flux carried upward by both Kelvin and mixed
Rossby-gravity waves.
Quasi-biennial osci I lations of monsoon rainfal I have been found at a number of
stations in India (Koteswaram and Alvi, 1970). Recently, investigations have
been conducted in the USSR and India using data of research ships which launched
meteoro Iog i ca I rockets over the equator duI" i ng ISMEX 1973 and a Iso of the Eq uator ia I Rocket
launching station at Thumba (India). The results obtained indioate the existence
of certain interactions between quasi-biennial osci I lation and sea surface temperature and monsoon currents in the equatorial "area of the Indi"an Ocean.
(b)

Observational Reguirements
It is Jmportant that detai led upper wind and raJnfal I observations be collected
before, during and after the MONEX over the entire tropics. Observation of the
equatorial stratosphe~ic waves wi I I require that selected equatorial stations make
soundings to 10 mbbetween lOGS and lOON. Both the phase and amp I itude of
equatorial waves must be measured accurately. Momentum and wave-energy transport
at the tropopause are needed to clarify the causes and role of the higher level
equatorial waves in the lower stratosphere.

(c)

Numerical Experimentation
The vertic.al propagation of planetary scale disturbances in the troposphere to the
stratosphere is strongly affected by the vertical distribution of the zonal current
and also the horizonzal scale in the meriodional direction. Thus, the vertical and
horizontal resolution for a numerical experiment must be carefully des·igned.

4.4

Interhemisphere Interaction during Northem Hemisphere Winter
(a)

Scientific Problem
The winter monsoon, when fUlly established (usually by I December), comprises the
strongest component of the northern atmospherJc circulation: the Hadley eel I with
intense cold surface outbreaks from the Siberian anti-cyclone, rising motion in
the region of heaviest equatorial rainfal lover Indonesia, and a vigorous upper
tropospheri c r'eturn flow, subs i d i ng south of the most intense sub-trop ica I jet
stream.
Fluctuations often seem to occur simultaneously throughowt the local Hadley
circulation, and air-mass discontinuities cannot be found. Usually, a large
amplitude trough in the polar westerlies moving eastward over China precedes
intensification of the circulation; then, as the trough moves east of Japan, the
circulation weakens. Whi le it is strong it comprises a significant fraction of
the total tropical to mid-latitude energy transport. Unti I now, the sequence of
events is too rap id to be reso Ived by synoptj,ca I Iy-spaced observati ons, and it
has be~n impossible to measure Indonesian rainfall or the consequent heat re·lease.
The presence of Indonesia seriously influences and probably greatly reduces
rainfal lover northern Australia. Thus, the Austral ian component of the southern
hemisphere Hadley cell probably plays a greater role in that country's summer
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monsoon rainfal I than is true in other summer monsoon regiQ~s. Certainly, cold
fronts penetrate surprisingly far north over Austr.alia.· ·The following specific
questions that relate to 'the North-East monsoon Hadley cell circulation need to be
answer!3 d:
(i)

Mechanism for its formation and dissipation and seasonal change

(i i) Its latitudifial extent
(i i i) Its relation to the intensity of the Siberian anti-cyclone and of the
southern hemisphere summer cyclones.
Furthermore we need to find out more about rainfal I along Indonesia, Malaysia and
Singapore and its relation to surges from the south east Asian land masses; such
studies should include detai led investigation of the dynamics and energetics of
these rain-producing weather systems.
(b)

Observational Reguirements
No additional special data other than those that would be'avai lable for the FGGE
during 1979. The period of interest during this year would include.l·5 December
through 15 February.

(c)

Numerical Experimentation Programme
Numerical experiments with global and regional fine me$h models would be most
desirable to start asking some of tre questions raised here.
Two- to three-day short range real data forecasts of cold surges over East Asian
region and the rainfall near the equator should be investigated. The role of
orography during the cold surges should be investigated over the Himalayas and
other mountains of south east Asia.

4.5

Onset of the Monsoon
(a)

Scientific Problem
The onset of the monsoon is one of the most important problems. The onset ofmonsoon
rainfall over the continental parts of south ·east Asian generally takes place with
a sudden northward motion of the rainbelt from near the equator.
·The following questions are felt to be very important:
(i)

Does the ITCZ merely lose its identity in its equatorial position under the
influence of the continentality (viz. continental monsoon trough)?

(ii) What are the dynamical mechanisms that describe the replacement of an oceanic
ITCZ by a continental monsoon trough? Furthermore, what is their relation
to the onset?
(ii i) What are the factors that determine the year to year variation in the date
of onset? Do factors such as.(I) mid-latitude westerly regime over and to
the north of India; (2) oceanic temperature abnormalities over the Indian
Ocean and over the Pacific; and (3) fluxes from the southern hemisphere,
affect the advance of the monsoon?
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(b)

Observational Requirements
For the most part the investigation
of the onset of the monsoon wi I I rely on
the FQGE platforms. The special observational requirements are included in the
requirements in section 4.6 on active and break monsoons.

(c)

Numerical Experimentation Programme
Global general circulation models, real data global forecast models and limited
area fine mesh nested forecast models would al I be invaluable components of the
numerical programme. Control,led numerical experiments with global general circulation models where various parameters, such as o~ography and sea surface temperature,
are introduced and altered should be pursued both prior to and after MONEX. The
numerical experimentation results should be very closely examined with avai lable
observations prior to and after MONEX. The numerical simulation and prediction
programme should also have ijetai led diagnostic study phases. Such studies should
dwel I on questions related to energetics and mechanism for the onset of monsoons.
Limited area fine mesh models can examine the predictabi I ity of the onset phenomenon. Here again detai led diagnostic studies can elucidate the onset phenomenon.

4.6

Active and Break Monsoons
(a)

Scientific Problem
The monsoonal flow in the lower troposphere below about 500 mb undergoes rather
drastic changes in association with "active" and "break" monsoons. During active
monsoon periods a series of monsoon disturbances form and move westnorthwestwards
and the rainfal I is widespread over the monsoon region with much above normal
precipitation in the southern sector of each monsoon disturbance. When a "break"
in monsoon occurs, the monsoon trough shifts to the north from its normal position.
No monsoon disturbance forms, and the rainfal I becomes below normal over most parts
of the monsoon region except near the foothi I Is of the Himalayas and southern
India. During breaks the low level westerlies over Peninsular India shift north
to the Gangetic Plains. Cyclonic vorticity in the lower troposphere (surface to
500 mb) is replaced by anti-cyclone vorticity. In the lower levels, fluctuations
of vorticity are contributed to considerably by the changes in zonal wind shear', i.e.
due to the northward shift of the wind system. Power spectrum analysis of zonal
wind shows long periods of 15-30 days. In the middle'troposphere, during breaks,
the cyclonic shear zone over the central parts of the country is replaced by anticyclonic flow. The upper tropospheric easterlies spread to the north during such
epochs. The surface pressure over central and western India is above normal.
With the northward shift of the monsoon trough to the foothi I Is of the Himalayas
a secondary trough often forms over the South Bay of Bengal and the South Arabian
Sea as in the transition months, during the advance of the monsoon. Feeble midtropospheric lows move from east to west in this trough. Feeble disturbances also
move from west to east near the foothi I Is of the Himalayas. Thus there appears
to be a preferred meridional scale of around 25 degrees latitude with a trough
near the foothi I Is and another in the equatorial region, with anti-cyclonic flow,
subsidence and clear weather in between.
Such a northward shift of the monsoon trough and development of a ridge in the
middle troposphere in association with breaks in the monsoon rain have been
documented over Southeast Asia also. The synoptic patterns in association with
breaks in the monsoon over India and over Southeast Asia have large simi larities.
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A general revival of the monsoon takes place under the influence of mid-tropospheric
lows moving northwards along the west coast of India (Koteswaram, 1950; Ramamurthy,
1972). But this is by no means the only way in which the cycle might be advancea.
Sometimes, the monsoon recovers when the monsoon trough retreats to its normal
position without any apparent connexion with the proceeding development of monsoon
disturbances. A number of possibi lities might also initiate this monsoon sequence
(Pisharoty and Asnani, 1958; Ramaswamy, 1962; Dixit and Jones, 1965; Thiruvengadathan, 1972; Raghavan, 1973), A unified and detai led description, eitherqualitative or quantitative, does not appear to exist. Perhaps qual itative
synoptic arguments cannot profitably be pursued much further; sophisticated numerical models may be required to investigate the effects of varying individual synoptic components before we can hope to understand these complex interactions.
Active and/or break monsoons should be viewed as part of the fluctuations occurring
on a much larger scale. It is possible that the changes in circulation over the
monsoon region might result from distant events.
Weak monsoon activity often appears to be associated with low index type circulation in mid-latitudes and warm sea surface temperature (SST) anomalies and
enhanced typhoon activity over the Pacific. Normally, with the advance of the
summer season, the Asian continent and the Tibetan Plateau are heated with respect
to the surrounding oceans and an east-west Walker circulation (Krishnamurti, 1971)
with ascent over northeast India and descent over the Pacific and a north-south
meridional circulation with ascent over north India and descent over equatorial
regions are set up. In the abnormal years when the Asian continent is cooler than
normal, and north-west Pacific is warmer than normal, the upper tropospheric anticyclone system and the whole Walker circulation may shift eastward (Pisharoty, 1972),
Findlater (1969) found a strong parallel change between the intensity of the crossequatorial, low-level jet over Kenya and the rainfal lover western India, the two
quantities following each other very closely with a lag of about 1-2 days.
(b)

Observational Requirements
Little is known about the conditions under which the monsoon disturbances form and
in what way they interact with the larger-scale monsoon fluctuations. It is therefore imperative that the observational programme of MONEX covers both synoptic and
much larger scales. On the larger scale the observational system must be adequate
to define the fluctuations in large-scale flow patterns to whkh the development
and structure of the monsoon disturbances are to be related. Perhaps this would
require the determination of wind, temperature and geopotential fields of the
troposphere between 20 0 S and 30 0 N covering the African continent, the Indien Ocean
and the Western Pacific in this belt. The observational network density required
needs to be sufficient to resolve features with dimensions of 1,000 km and upwards.
Winds obtained from cloud movements as observed from geostationary satellite will
be an important supplement to the FGGE radiosonde networ.ks. A maximum utilization
of commercial aircraft data, commercial ship data, carrier balloon dropsonde data,
constant-level balloon data and temperature data from satell ite infrared sounding
is also nee·jed.
Monitoring of OCEan temperatures over the Pacific and Indian Oceans is important.
Strengthening of the network over the west of the Himalayas and over Tibet is
essential.
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(c)

Numerical Experimentation
A numerical experimentation programme would be invaluable towards the testing of
various problems and hypotheses concerning the active and break monsoons. Of
particular importance is the simulation of the net condensation effect due to an
ensemble of monsoon disturbances developing over the monsoon region as a whole.
In a simplified model experiment, Murakmai (1974b) investigated the sensitivity
of tropical tropospheric response to varying the period of stationary heat
sources prescribed to be maximum near 1000E. In this experiment the ampl itudes
of stationary heat sources were assumed to be constant over a period range of 8
to 40 days. Over the monsoon region transient waves with periods of 12 to 16 days
were most efficiently excited by the heat sources. It is highly probable that the
preferred motions in this period range, in turn, induce condensation heating with
a simi lar period rather than with the uniform intensity assumed for the numerical
experiment. This preferred period appears to agree rather wel I with the characteristic period of rainfal I fluctuations in association with active and break monsoons.
Evidence has been presented that weak "break" situations near India could be satiEffactori Iy simulated by the model. However, his model was not capable of simulating
severe "break" conditions which are simi lar to "pre-monsoon" conditions with
easter lies near 850-500 mb, rather than wester lies as in norma I monsoon months.
An attempt should be made to simulate such severe "break" monsoons. Other problem
areas that need to be investigated through numerical experiments are:
(i) What is the interaction mechanism of monsoon circulation with waves in the
extra-tropics? Is the southward penetration cif a deep mid-latitude trough
responsible for initiating a "break" monsoon over India and Southeast Asia?
What is the vertical coupling mechanism through which the low-level westerlies
are replaced by easterlies during severe "break" monsoons?
(i i) Is there any significant interaction occurring between the monsbon and Pacific
circulation systems? And what is the nature of interaction with the circulation
regime in the southern hemisphere? Numerical experiment should be conducted
with heating anomaly over the Northwest Pacific and over Central Asia.
(ii i) What are the mechanisms by which "break" monsoon conditions occur and are
maintained during the summer monsoon?
(iv) Is it possible for numerical models to forecast the transition between "active"
and "break" monsoons?

4.7

Monsoon Disturbances

(a)

Scientific Problem
Monsoon disturbances are some of the most important components of the monsoon
circulation. Although they rarely attain hurricane intensity, the rainfal I
associated with the monsoon depressions is quite large and accounts for a major
portion of the monsoon rainfal I. These distur~ances normally appear in the Bay of
Benga I and move towards the west or WNW. The sca Ie of the ra in area assoc i ated with
a monsoon depression is generally 500-1000 km.
For a better understanding of the monsoon circulation in general, and the dynamics
of monsoon disturbances in particuJ,ar, we need to clarify the following questions:
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(i)

What is their detai led 3-dimensional structvre? What is the space-time
structure and varlabi Ilty of the Ekman boundary Iaye'r, mi xed Iayer and he i ght
01/1 cloud base? What is the cloud-size-spectrum associated with the monsoon
di"sturbances?

(i i) What makes the Bay of Bengal so cyclogenetic? What is the relative role of
air-sea interaction (warm sea surface temperature, sensible heat flux,etc.)
and low level convergence and high level divergence mechanisms?
(i i i) What determines the variation in the frequency of the monsoon disturbances from
one monsoon season to the other?
(iv) What Instabi I ity mechanism is responsible for their initiation and development?
Are they barotropically or barocl Inically unstable systems or is the main
driving provided by convection and then barotropical Iy damped systems?
(v)

Why do they move in W-WNW directions and in particular in intial stages what
causes this peculiar regularity in the direction of their movement?

(vi) What is the role of the monsoon disturbances in driVing the monsoon circulation
and vice versa?
(vi i) Is monsoon rain associated with large scale dynamically forced ascent
scale convection which is organized over larger areas?

or smal I

It is poss i b le thaf some of "the d isturbanues \'ih i ch appear in the Bay of Benga I do
not form in situ but come from east and Intensify over the Bay of Bengal area. In
that case we need to monitor the area further to the east up to the South China
Sea. Routine observations of the SST values over the Bay of Bengal seems to very
important because although the necessary conditions for the internal jet" instabiI ity (barotropic-barocl inic type) are perhaps always satisfied it is only once or
twice in, a month that we get the development of monsoon depressions. Moreover,
the monsoon zonal current seems to be baroclinical Iy stable. Significant association between the vorticity at 900 mb and rainfal I distribution (Keshavamurty, 1971)
does suggest the importance of the role of Ekman pumping and CISK mechanism to
explain the further growth of the depressions. The westward or WNW movement of
the depressions may be due to the combined effects of steering by the basic current,
effect, the slope of the lower boundary (which enhances thepeffect in this area)
and the divergence effects.

f3

In addition to what is mentioned above, the following major avenues of scientific
investigation are also suggested:
(i)

Detai led four-dimensional analysis of the I ife cycle of these disturbances and
related diagnostic studies. Diagnostic studies addressing questions on
energetics and mechanisms that may be important during the I ife cycle.

(i i) Stabi lity analysis related theories

and observational verifications.

(i I i) Limited area fine mesh short range numerical weather prediction. The forecasts
in the i r ab i I Ity to predl ct deta i Ied features cou Id be used to diagnose
mechanisms (including precipitation rates) for the formation and the entire
life cycle of these disturbances.
(Iv) Global general circulation models. Theircapability in simulating reasonable
cyclone tracks and reasonable I ife cycle wi II provide valuable understanding
of the physics.
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Suggestions for Pre-MONEX Studies in the Bay of Bengal

(b)

(I)

One ship with RS/RW observational faci lity should take observations of SST and
upper winds and temperature for the monsoon season in pre-MONEX years. This
ship may be located in the central part of North Bay.

(2)

A research aircraft may take tWice weekly observations of SST to determine the
scale of SST anomal ies to decided the observing strategy during MONEX. (~his
may also be done with commercial ships.)

(3)

Test of representativeness of coastal temperatures.

(4)

Enquire into feasibi I ity of expendable buoys for surface pressure and temperature measurements (as alternative to ship observations).

(5)

Statistical study of scale of disturbances from avai lable data.

(6)

FI ight of research aircraft designed to determine the structure of monsoon
depressions.

Observational Requirements
(Period of interest: July and August)
(I)

o

Measurements of SST with accuracy of 0.5 C every day over Bay of Bengal (north
of 12 0 N) at the interval of 10 latitude.
This may perhaps be achieved by 3 research aircraft fitted with IR radiometers
and AXBT.

(2)

Measurements of upper-air winds, temperature and humidity over the Bay of
Bengal from 2-3 ships capable of having RS/RW ascents at least tWice dai Iy.
One of the ships may have meteorological radar.
The boundary layer measurements are also needed to find the space-time
structure of boundary layer.

(3)

For detai led probing Df the monsoon depressions, the three research aircraft
mentioned earlier may be uti lised during the formative and development stages
of the monsoon depressions. The avai labi I ity of research aircraft may solve,
at least partially, the problem of non-avai labi I ity of ships.

(4)

In order to be able to have observations at 2 degree latitude intervals in
the fietd of monsoon depressions, nearly 10 additional land stations should
be set up in the region of monsoon trough and track of monsoon depressions.
These stations should be capable of taking RS/RW observations tWice dai Iy.
During the passage of the monsoon depressions, the frequency of the observations may be every 6 hours.
The exact location Qf these stations should be decided after studying the
probable track of the depressions and avai labi lity of ground faci lities. The
relative adequacy of aircraft and ground-based observations should be investigated for the purpose of finding 3-dimensional structure of monsoon depressions. Over land, it may be di~ficult to have very low level boundary layer
measurements as also it may be difficult to have very high level fl ights and
release the dropsondes. On the other hand, the existence of dense network
over this regJon may help improve the initial ization and numerIcal weather
prediction for the monsoon region.
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(5)

In order to have nearly 20 latitude resolution in the upper air observations
along the near Arakan coast, additional upper air land stations should be
set up.

(6)

A geosynchronous satel I ite for day and night images of high resolution.
In particular, it should be possible to derive wind vectors at upper
tevels from successive cloud pictures at thr - I hr intervals.

(a)

(7)

Coastal radar network may be improved to be able to determine oceanic rainfal I
and cal ibrate the satel lite data to find the rainfal lover the ocean.

(8)

Tide gauges should be instal led for storm surge studies.

Scientific Problem
The western part of the monsoon trough off the coast of western India and north
Arabian Sea is most marked in the middl~ levels 700-500 mb. This shear zone is a
secondary cyclogenetic region of the monsoon. During active monsoon situations,
this trough is wel I-marked and disturbances form in it. Detai led drop sonde and
aircraft observations during I 10E clarified the 3-dimensional structure of this
tr9ugh. The cloud and rain region in association with this trough is cold up to
600 mb and warm aloft with respect to the dry region. The understanding of the
·thermal structure and energetics of these disturbances is important.
The low level trough off the west coast of peninsular India appears to get accentuated under the influence of the mid-tropospheric cyclone. Sometimes these midtropospheric cyclones descend to lower levels and develop into depressions and
storms. The land-sea complex near Gujarat appears to be a favourite geographic
location for these. During the advance of the monsoon, the monsoon trough over
western India is most marked in the middle levels.
Mid-tropospheric disturbances also form over the North Bay of Bengal and S.E.
Asia. Over the North Bay of Bengal they often descend to lower levels and
develop into monsoon lows· and depressions. During breaks in monsoon, midtropospheric lows move across the South Bay of Bengal. We shal I concentrate on
the study of these disturbances over the Bay of Bengal.

(b)

Observational Requirements
The observational requirements mentioned in 4.7. I wi I I be adequate*

*

It was real ised that the proposed observational requirements would not cover the
mid-tropospheric lows off the west coast of India, particularly during the onset and
development phases of the monsoon along the west coast. One of the participants considered
that the omission of this would be a serious gap in the experiment, even though it would
require additional resources to mount it at the same time as some of the other regional
observational programmes.
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4.7.3

Medium Scale Disturbances
(a)

Scientific Problem
The low level monsoon flow turns cyclonically near the eastern edge of Tibet and
reaches as far north as Japan as southwester I ies, carrying vast amounts of water
vapour (a moisture source for rairilfall over the Far East), The release of latent
heat of condensation contributes to the acceleration of the sub-tropical jet
stream, implying strong interaction between the monsoonal and mid-latitude
circulations.
The surface trough retains some frontal characteristics during the "meiu" and
"Baiu" season in May and June over the Far East. The "Baiu" front is accompanied
by a low-level jet stream with a large vertical wind shear and a smal I Richardson
number. A number of medium~scale disturbances develop along the "Baiu" fromt as
secondary members of a cyclone fami Iy. In a cl imatological sense, the "Baiu i '
front may be regarded as the locus of a train of medium-scale disturbances, having
a typical scale of about 1000 km or less and a life cycle of one or two days.
Such medium-scale disturbances are the most important of the rain producing systems
during the monsoon season over the Far East, with intense rainfall, occasionally
exceeding 100 mm hr-I in and around the medium-scale disturbances. It is important
to answer the question of why and how much intense rainfal I (comparable to "typhoon"
rain) occurs in a medium-scale disturbance with only weak surface boundary I.ayer
convergence.
Heavy rainfal I is generally accompanied by a group of meso-scale disturbances embedded in a medium-scale cyclone. Deep, penetrative convective clouds are generally <?r9aniz~d into cloud clusters of a few hundred km's diameter. The meso-scale
disturbances propagate eastward cons i derab Iy faster than the phase speed of medi um-sca le
cyclones. A net warming of the upper troposphere occurs due to the ensemble of
meso-scale cloud clusters:, i.e., diabatic warming directly above the clusters
and diabatic warming between them. This indicates the importance of meso-scale
disturbances when parameterizing moist convective processes as a function of much
larger-scale synoptic fields.

(b)

Observational Requirements
In addition to the FGGE observational programme, a special regional programme may
be required during MONEX for the study of medium-scale· cyclones and meso-scale
disturbantes along the "Baiu" front. Spacin~ of radiosonde stations should not
be more than 300 km and sounding frequency should be at least 4 per day. The
radiosonde data should be augmented by aircraft dropsonde wind and temperature
data to obtain detai led information on the structure of the low-level jet str~am.
A ~ense radar network, in addition to high resolution satel I ite photographs, is
required to investigate the relationship between convective clouds, cloud clusters,
meso-scale disturbances, and medium-scale synoptic cyclones.
Observational requirements in relation to the forecast with the regional model
discussed below may be as fol lows:
(I)

the precise specification of moisture distribution,

(2)

correct measurement of meteorological elements along the boundary of thE)
region under consideration,

(3)

accurate estimation of the heating function.
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(c)

Numerical Experimentation
An investigation is necessary to propose I imited area fine-mesh primitive equation
models~ which are capable of forecasting the development and movement of mediumscale cyclones and associated rcitnfall.' 'Experimental work with limited area
models should address the question of parameterization procedures both for cumulus
convection and meso-scale cloud clusters.
The small Richardson number in the IIBaiu ll front is maintained and determined Dy the
process of time clustering of a sequence of developing medium-scale disturbances
with high humidity and heavy cloudiness. Therefore, it is necessary to develop
the instabi I ity theory for medium-scale cyclones without expl icitly assuming
the smallness of Richardson number in the basic field. The development of mediumscale disturbances along the IIBaiu" fron should be viewed as a part of the largescale interaction between the monsoonal'and mid-latitude circulation regimES.
In order to improve the prediction of medium and meso-scale disturbances with the
regional model, the following items may furthermore be considered among other
things:

4.8

(I)

refinement of convective parameterization,

(2)

sufficient resolution in the lower tropos,phere,

(3)

accurate initialization procedure.

Arabian Sea Planetary Boundary Layer
(a)

Scientific Problem
The scientific probtems in this area may be conveniently treated in three parts.
They are:
(I)

Air Sea Interaction
For numerical model ling experiments on air~mass transformation over the
Arabian Sea, the bulk aerodynamic method is generally satisfactory for
computing fluxes of moisture, heat and mass. There is need for quantitative
flux computations to parameterize conveqtive acti'vity in the presence of a
s ha I Iow i nve rsi on •
Observations suggest that a substantial part of the moisture required for
monsoon precipitation is supplied by southwesterl ies over the Arabian Sea
which are a continuation of the southwest trade of the southern hemisphere
(5aha~'
1970, 1973). It is not clear how much of the moisture comes across
the equator, and how much of it comes from evaporation over the Arabian Sea.
It is, therefore, desirable to carry out continuous monitoring of the
horizontal flux of moisture, heat and mass flowing in and out of the Arabian
Sea throughout the period of MONEX. In addition, it wi II be useful, if possible,
to have information on the time variation of the components of the heat and
moisture budgets during the MONEX period. Such information could yield
valuable insight on the relationship between the moisture supply over the
Arabian Sea, and the rnonsoon activity over the indian sub-continent.
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A marked inversion layer exists over most parts of the Arabian Sea, inhibiting
t~e development of deep clouds.
The inversion is particularly pronounced
over the western Arab'ian Sea. Occasionally it extends to the surface, being
intensified both from below and above to greater than 100C. The height of the
inversion layer increases eastward whi le decreasing in intensity, on account
of the sea surface temperature becoming higher and weakening of the downdraft
of the east-west thermal circulation (4.2. I). Therefore, it seems clear'that
the inversion is ~ontrol led not only by local sea surface temperatures but
also by the summer monsoon circulation, especially subsidence on a much
larger sca Ie. Iri add it ion, it may be necessary to cons i der rad iati ve effects
on the inversion layer. No inversion is encountered to the east of about
65 0E, where the updraft in the upper troposphere favours the dominance of
deep clouds and occasional development of monsoon disturbances.
The inversion layer strongly controls the rate of air-mass modification'over
the Arabian Sea and can have a profound effect upon the efficiency of the
monsoon heat engine. It is desirable to observationally determine the temporal and spacial variation of the structure (wind, temperature, humidity) of
the inversion layer over the Arabian Sea throughout the course of the MONEX
experiment, and try to relate this with the fluxes of sensible and latent
heat as wel I as the horizontal outflow of- moisture from the Arabian Sea region.
(3)

The Low-level (Somali) Jet
-----------One of the most intriguing phenomenon taking place over the Arabian Sea is the
Soma Ii jet. Fi nd later (1969) made an extens i ve study of th islow-I eve I jet
stream (near 850 mb) flowing over the Indian Ocean and,along the east coast
of Africa. The jet flows intermittently from the vicinity of Mauritius over
the northern tip of Madagascar to reach the coast of Kenya.
Although steep pressure gradients found over East Africa and Somali, as well
as the western Indian Ocean, during the northern summer may be responsible
for low level jet stream, its periodic fluctuations in intensity are not wel I
understood.

(b)

Observational Requi-rements
Ai r Sea Inte raet ion
Determination of the large scale heat and moisture budget over the whole Arabian
Sea wi I I be largely taken care of by:
( i)

the ma i n FGGE network inc Iudi ng the ba I loon d ropsondes and sh i ps in the '
equatorial area, especially the middle-east countries J

(ii) an extensive ship programme with ships launching RS/RW in the Arabian Sea
during May~July,
(i i i) satell ite infra':"'red high resolution imagery from the Seychelles DAAP
out centre,
(iv) a special ship at 7.50 S and 65 0 E equipped for RS/RW,
(v)

RS/RW stations at Moroni or Grand Commores Islands.

read-
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These last two RS/RW stations complete a great arc of RS/RW stations from Gan
Island, south through Diego Garcia, and then west to the .African Coast over which·
the winds
feed the Southwest Monsoon flow.
It is recommended that three research vessels be arranged in the form of an equilateral triangle with an average length of 500 km over the central Arabian Sea.
The three ships represent a minimum network forthe computation of mass divergence,
mean vertical motion and horizontal and vertical momentum arid energy fluxes. These
are important quantities germane to the investigation of the interaction between
the large-scale monsoon circulation and planetary boundary layer. The ships could
be permitted to drift slowly so that air-sea interface fluxes can be measured on
buoys. A simi lar study could be conducted along the coast of Africa for an investigation on air-mass modification, with a suitable configuration of ships and buoys.
This could form a part of the studies on the low level jet. For studies on the
heat budget, it is desirable to organise radiometersonde ascents, as far as possible,
from ships and island stations. It is also recommended that such observations be
supplemented by measurements of the albedo and aerosol content of the atmosphere.

Pre-MONEX
We recommend

a preliminary experiment in May-June 1977 consisting of:

Exploratory cross-jet flights by an aircraft with Omega dropsondes on a
flexible schedule approximately once in three days with more frequent sampling
during periods of intense jets. The fl ights could be from Nairobi to a point
off the coast at Lamu and back.
Main MONEX Experiment, 15 May - 30 June 1979
Depending upon the results of the 1977 prel iminary experiments the main experiment
can consist of:
(i)

a fl ight pattern for aircraft with dropsondes (Omega) from Mesirah to 12 0 N
65 0 E, then overfly Socotra to a point off Mukal lah, then parallel to coast
to Masirah, every two days (see Figure 2).

(ii) a second flight pattern from Nairobi to Seychelles to Aden <Djibuti), or
reverse, every two days.
(iii) upper air stations at Socotra, Mogodiscio, Seychelles, Masirah, Aden, Comoro.
(iv) satel lite measurements of sea surface temperature, preferably accurate to
I. OOC, tw i ce a day.
(v)

upper air sounding RS/RW in close co-ordination with ships in the oceanographic programme in the Soma I i Current.

(vi) an expanded pi lot bal loon network over the land to define more clearly the
position and structure of the jet.
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Figure 2. FI ight Pattern for Aircraft with Dropsondes (OMEGA)
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(c)

Numerical Experimentation
One can carry out useful numerical experiments with an atmosphere model using a
joint 0cean-atmosphere model. For example, it is recommended to perform numerical
experiments in order to identify the possible effect of the SST anomaly over the
Arabian Sea upon the monsoon activity over India (Shukla, 1975) and location Qf
the low level southwesterlies over the Arabian Sea.
In order to f i rm,1 y estab I ish the data requ i rements for the Arab ian sea subprogramme, it is of essence to develop ocean-atmosphere coupled.planetary layer
models. before MONEX,which include-radiative effects, barocl inicity and also the
role of orography and the inversion layer. The models should be val id for extremely
stable conditions over the sea surface. An important theoretical problem consists
of finding the means of separating wave.motions and turbulent motions in the
marine surface layer.
.

4.9

Orographic Effects
(Himalayas, Western Ghats, Burma Mountains)
(a) .Scientific Problem
In general, we do not have sufficient knowledge about the large-scale dynam(cal
effects of smal I-scale or Irregular terrain. In particular, we do not adequately
know the structure and dynamics of the planetarYcboundary layer on steeply sloping
topography, and also the horizontal and vertical extent to which the Influence of
a mountain of given "size" is significant. The problems associated with the
mountain ranges in the Asian monsoon area even more compl icated because of the
peculiar dimensions of the mountains in this region. Mountain ranges on the west
coast of India (Western Ghats) and the Burma Mountains are narrow but long, and
the Himalayan Ranges are the largest and the highest (and steepest on the peripheries) in the world. It is wel I known that the Western Ghats and ·the Burma
Mountains significantly enhance the rainfall over these areas during the monsoon
season. There is reason to believe that the Burma Mountains and the Himalayan
Ranges also effect the monsoon flow in a significant way. In particular, it has
been hypothesized that these ranges are, at least, partially responsible for
"diverting" the south-westerly winds of the Bay of Bengal, and thereby contribute
towards the establishment of the so-ca I led monsoon trough in the foothi I Is of the
Himalayas' (Banerji, 1931). However, if the monsoon trough is an orographlcal Iy
anchored system, the north-south fluctuations in the position of the trough must
also be explained. Moreover, the tur-ning of the Bay of Bengal south-wester I ies
'i nto south-easter lies may not be a pure Iy orograph ic phenomenon because th is is a Iso
the region of an elongated (E-W) low pressure area. Moreover, the Western Ghats
do not produce a comparable turning.
In any case, the formation of the monsoon trough and the fluctuations in its
intensity and location are one of the very key problems of the monsoon circulatioQ,
about which very little is known. A careful examination of the structure and
variabi lity of the flow around and over these orographlc barriers may shed some
light on the role of these barriers.
Actual integrations of the GFDL general circulation model with realistic heights
of Arakan Mountains have shown a definite improvement in the simulation of monsoon
circulation especially over the northe~n part of India, thereby indicating the
. sensitivity of numerical models to the specification of orographic features.
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Integration of the same model with and without mountains has indicated the
important dynamical and thermo-dynamical influences of the mountains in the
establ ishment and maintenance of the monsoon (Hahn and Manabe, 1975). In particular, the Himalayas act as a physical .barrier to force ascent of the moist
monsoon current which releases latent heat and establ ishes the surface low, which
in turn draws more moisture from the south, and thus the combined dynamicalthermodynamical effect of the Himalayas helps sustain the monsoon circulation.
(b)

Observational Requirements
It is recommended that detai led wind (temperature and humidity if possible)
observations be collected at least for three months (May, June and July) on the
periphery (especially the windward side) of these barriers. Although there are
several radiowind and pi tot bal loon stations in the plains of the Ganges south
of the foothi I Is of the Himalayas, more observations are needed on the slope
itself. The location of these stations must be carefully selected to provide
representative observations of the scales of interest.
Of course, it is not necessary that this aspect be studied in conjunction with
MONEX. Hence, this experiment may be carried out independently, say during the
FGGE year.
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5.

OCEANOGRAPHIC PROGRAMMES FOR MONEX

SCOR Working Group 47 is actively pursuing ideas and commitments for oceanographic
programmes to take place during FGGE. Table I summarizes programmes of which the Working
Group is now aware.
.
There ar.e .two main categories of the experiment:
Category M:

those oceanographic programmes which may directly be related to
requirements of the meteorological programme of MONEXj and

Category 0:

primari Iy oceanographic programmes which are aimed at taking the
opportunity.offered by FGGE (and MONEX) to obtain good meteorological
information for interpretation of the oceanographic phenomena.

Between now and 1979 there are four years for various pi lot experiments, during
which time critical points may be determined which wi I I be essential for a good design of
Category M programmes during 1979.
Under category M, scientists at M. I.T. are presently studying the historical record
of ship reports. The resulting climatology of sea-surface temperature establishes that there
are persistent thermal anomal ies over large areas of the Arabian Sea (several months and
over 1000 km) that can be seen above the noise produced by the crudeness of the ships' measurements and their relative sparsity.
It is important to establ ish the horizontal meso-scales of the variabi I ity of seasurface temperature in the Arabian Sea, as this might be important in determining the relative advantages of sampling by stationary vs. moving ships. Hopefully the proposed XBT and
BT studies by USA and India wi I I provide necessary input along these I ines for the eventual heat
budget studies during 1979. The arrows leading up to the programme during 1979 of the
Arabian Sea Survey indicate their flow of design-information. At present the USSR plans to
make a repeated large scale survey of the sea and upper air, four or five times during MayJuly 1979 using 3-5 ships. So far as the Working Group has information, the USSR is the
only nation planning to survey the Arabian Sea on an overal I scale and it is hoped that they
wi I I, by CTD lowerings, for example, be able to determine the characteristics of the mixed
layer with high resolution. The information during the ISMEX-1973 in the Arabian Sea during
May - July 1973 should also be very helpful in the future design efforts, and wi I I shortly
be made ava i Iab Ie in pub I ished form.
Pi lot studies are also planned at Miami, USA, for current-measurement time-series
in the Somali Current. Only a few moorings are planned for 1975. However, extensive study
of infra-red images from satel lites are planned, and they wi I I be collated with the XBT .Iines
run through the Somali Current Area. In 1976 a special read-out station for high· resolution
infra-red imagery may be operated in the Seychelles.
There is no clear plan or commitment for any intensive study of the Soma I i Current
during 1979. It is suggested that s~cial studies of upwel ling be made off the coast of
Arabia and west coast of India during 1979.
Numerical model I ing of the monsoon regime in the ocean is currently underway at
three institutes (in USA). These are intended to help interpret the response of the
currents at the equator (especially due to zonal winds) and along the west coast (Somal.ia)
(due both to ocean-wide curl of wind stress and to local meridional wind-stress).
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There is also a series of Category 0 experiments planned .especial Iy to study the
propagation of waves in the ocean trapped on the equator. There wi I I be a time series of
observation of currents at different depths to 400 meter depth mode with a profile both at
Gan Island (where we now have an uninterrupted record since January 1973) and north of the
Seychelles (whlch wi I I begin in February 1975). This wi I I be supplemented in 1975 by some
isolated section by R.V. Shackleton; and in 1976 by moored current-meter and acoustic.profi lers from the R.V. Atlantis I I. If clear signals are detected moving along the equator,
it is hoped to extend the equatorial programme to a more complete array ofinstrumentatjon
along the equator by 1978-79. Present plans also cal I for installation of tide gauges at
Chisimaie, Gan, Seychelles, Diego Garcia and inverted echo sounders along the equator to
monitor changes in the vertically integrated density field by 1979. Participation by other
nations in the later (1976-79) phases of the equatorial experlment is not yet determined.
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6.
6. I

NUMERICAL EXPERIMENTATION

Control led Experimentation
(a)

Scientific Problem
The foll'owing controlled numerical experiments are suggested to gain some insight
into the complex non-linear physical processes operating during the monsoon season.

It has recently been suggested, in the context of the Saharan drought, that
the change in albedo may cause substantial changes in the circulation and
rainfal I. Very strong and very weak monsoon activity is characterized by
very large var~~tions in the cloudiness and hence in the albedo. Numerical
experiments may be planned to study the effects of local, regional or global
changes in the albedo. It is also of interest to perform control led experimen~ to determine the influence of snow cover anomalies during the preceding
winter over the Himalayas.

In order to understand the thermal and kinematic effects of the large Qrographic barriers (viz: Himalayan mountains, etc) in the monsoon circulation
it may be useful to carry out several numerical experiments with and without
the orographic features. Such experiments may be ·carried out either with the
complex general circulation models or simpl ifiedmodels with ideal ized topography.
Additional research effort is also needed to investigate the effects of
large and steeply sloping mountains to be incorporated in the numerical models.

One of the interesting questions of tropical meteorology which is not yet
clearly understood is: why is the ITCZ located at different latitudes over
Africa and Asia and western Pacific during the northern summer? The presence
of the desert over Africa and the high mountains over Asia tends to suggest
that the role of continental ity, in conjunction with the oceanic effects,
may be responsible for the location of ITCZ at different latitudes.
It is suggested that several ideal ized numerical experiments be carried out
to understand the relative importance of sea surface temperature and continental ity in determining the location of ITCZ.

Air-sea interaction se~ms to be one of the important mechanisms of the monsoon
phenomena. Warmer sea-surface temperatures over the Indian Ocean and the Bay
of Bengal may make the overlying monsoon current more moist and unstable.
SimIlarly, cold sea-surface temperature Bnomalies over the Arabian Sea and
along the Soma I i coast may decrease the evaporation and the instabi I ity of
the air. The surface-pressure anomaly associated with the sea surface
temperature anomaly may create a surface-wind anomaly which in turn may effect
the oceanic surface layer circulation and the evaporation. In order to.gain
insight into the response of the monsoon atmosphere to the changes in the sea
surface temperature, the following experiments are suggested:
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(I)

Bay of Bengal
It is known that most of the monsoon depressions "originate" in the Bay
of Bengal. There is also an interannual variabi I ity in the number of
disturbances forming in the Bay of Bengal. Hypotheses may be advanced
that the variabi lity in the cyclogenesis may partially depend on sea
surface temperature anomal ies. The temporal mean and variabi I ityof sea
surface temperature may affect the number of depressions generated and
influence the generation of particular depressions. It would, however,
be useful to conduct some numerical experiments to test the val idity of
such hypotheses befoFe embarking on a detai led observational programme.

(2)

The Arabian Sea
It appears probable that an interplay of atmospheric and oceanic phenomena near the Soma I i coast and western Arabian Sea may produce colder
SST anomal ies during the life cycle of the monsoon circulation. It has
been hypothesized that such sea surface temperature anomal ies may affect
the monsoon circulation and the ralnfal lover India (Shukla, 1974). It
is proposed that several numerIcal experiments be conducted using an
interacting ocean-atmosphere model to test such hypotheses.

(3)

The Central/Southern Indian Ocean and the Western Pacific
It has been suggested that very vigorous typhoon activity (perhaps
associated with warmer SST> In the western Pacific may sometimes be
associated with the weakening of monsoon activity over India and
adjoining areas. Such ideas may be readi Iy subjected to observational
and numerical testing.
Simi larly, it also appears that the onset of the monsoon may depend on
the magnitude (and also whether it is monotonic) of the surface pressure
gradient that bui Ids up during the beginning of the summer season
between the southern hemisphere (20-30 0 S) and the no~thern hemisphere
(20-30 0 N) across the central western Indian Ocean. SST anomalies in the
intervening area may thus affect the time and intensity of the onset of
the monsoon.

AI I -the above numerical experiments may be further sub-divided into the
following two categories: with persistent anomaly and with time-dependent
anomaly. In the first category the imposed sea surface temperature anomaly
persists for the whole period of integration, whereas in the second category
the anomaly is only of a transient nature (a few days or so), but the response
is studied over a period larger than the period of the anomaly.
By the very nature of thermo-dynamical and dynamical inateractions, SST anomaly
experiments have to be conducted using rather sophisticated numerical models.
It is suggested, however, that for basic understanding of the dynamics of the
monsoon circulation, emphasis should also be placed on the development of less
compl icated models so that several experiments may be conducted and ideas be
tested with relatively less computer time and the conveninece of straightforward
i nterpretati on.
The results of numerical models should be subjected to rigorous testing by real
data wherever possible.
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6.2

"Predictabi I ity Experiment

One of the major objectives of MONEX is to investigate the feasibi lity of nUmerical
weather prediction over the South Asian region. Krishnamurti and Kanamitsu (1974) have
demonstrated success wi}h the Florida State University tropical model in forecasting the
track of a monsoon depression from the Bay of Bengal to the west coast of India. It is
recommended to construct fine mesh models with limited computational domain and attempt to
predict the evolution of the regional monsoon circulation with these models. Although it is
difficult to isolate the causes for the discrepan,cies in a forecast, one should be able to
investigate with such a model what factor has the largest influence on it. For example,
experimental work with limited area models should address the question of proper vertical
resolution, degree of terrain smoothing, parameterization procedures for boundary layer and
cumulus convection, and so on.
It has been emphasized in" section 4.2 that the South Asian monsoon is not a local
phenomenon but it interacts with the global atmospheric circulation. This impl ies that one
has to have a global model in order to successfully predict the time variation of monsoon .
circulation. Obviously, a global model with fine computational resolution would consume a
large amount of computer time. It is therefore recommended to construct a global model of
the atmosphere with a nested fine grid system over the broad monsoon region.
The following improvements or developments of models are particularly needed for
accurate prediction of monsoon:
(I)

Development of a nested grid model free of computational difficulties.

(2)

Development of a computational procedure which accurately treats the effects of
steep topography.

(3)

Development of the parameterization of mixIng processes in the Ekman boundary
layer, which accurately handles the modification of inversion layer.

(4)

Improvement of the parameterization of the macroscopic effects of moist convection.

(5)

Develop initial ization procedures for nested grid models.

The experiments can be directed to ask questions regarding rainfal I rates and
energetics in intense disturbances as wel I as during break periods.
The existence of mountain systems with steep slopes, smallness of the Coriolis
parameter as wel I as a substantial amount of release of latent heat over the monsoon region,
yield additional difficulties to the solution of 4-dimensional data assimi lation problems.
6.3

Observing Systems Simulation Experiments (OSSE) for MONEX

It has been of great benefit for the planning of FGGE to have tested the effects
of various observing systems with general circulation models. For example, it has been
learned from such experiments that very accurate wind observations with high vertical resolutions are required near the equator.
We want to know what types of data wi I I be required to understand and forecast
transient features in various parts of the"MONEX region. An example of such a feature is
the monsoon depressions which move along the Ganges valley. These depressions presumably
require rather detai led measurements of wind, temperature and moisture. The question to be
asked is how accurate the measurements have to be and how dense in time and areal ,extent.
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OSSE could shed light on the following specific questions:
(a)

Relative importance of winds, heights and moisture and their respective

(b)

Are indirect satel lite measurements sufficient, especially in regions with high
cloudiness?

(c)

Import~nce

a~~pracy~

of boundary layer measurements.

Based upon OSSE's study, the special MONEX observational system would be designed
so that it should be possible to define adequately the three-dimensional structure of the
atmosphere for about six weeks in the broad monsoon region to prepare several numerical
forecasts and their quantitative verification.

.
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7.
7. I

RECOf'.t.1ENDATIONS REGARDING PRIORITIES AND THE FURTHER PLANNING OF MONEX
Grouping of the Main Components of the MONEX-

In view of the scale and nature of the phenomena, the main components of the MONEX
have been grouped under the categories A, Band C. (The numbers refer to the various
sections in this report):

A:

4.2

Heat Sources

4.2. I

Mean Heat Sources

4.2.2

Long-term Heat Variations

4.3

Interaction of Monsoon Circulation and other Circulation Regimes
during the Nothern Hemisphere Summer

4.3. I

Inter-hemispheric Interaction

4.3.2

-I!nteraction with the Central and Western Pacific

4.3.3

Interaction with Mid-latitude Waves

4.3.4

Interaction with the Circulation in the Stratosphere

4.4

Inter-hemispheric Interaction during the Northern Hemisphere Winter

-------------------~-------------------------------------------------------------

A, C:

C:

4.5

Onset of the Monsoon

4.6

Active and Break Monsoons

4.7

Monsoon Disturbances

4.7.1

Bay of Bengal Cyclogenesis

4.7.2

Mid-tropospheric Monsoon Disturbances

4.7.3

Medium-scale Disturbances

4.8

B:

Arabian Sea Studies

4.8.1

Air-Sea Interaction

4.8.2

Inversion Layer and Low-level Jet over West Arabian Sea

4.9

Orographic Effects (Himalayas, Western Ghats, Arakan, etc.)

The components 4.2 to 4.4 and the large-scale part of 4.5 and 4.6 are grouped under.
category A. FGGE observations, with some augmentation, are adequate fqr the study of the
large-scale and planetary aspects of the monsson. The components 4.7 and 4.8, and partly
4.5 and 4.6 which are of a regional nature, are grouped under category C.
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7.2

Priorities among the Main Components of MONEX

According to the groupings, therefore, priorities wi I I only be assigned to
sub-programmes under category C which may conflict with each other for special resources or
with the FGGE itself.
Fi rst priority

Inversion layer and low-level jet over west Arabian Sea (4.83

Second priority:

(a)

Bay of Bengal monsoon depressions (4.7. I) and midtropospheric disturbances (Bay of Bengal) (4.7.2)

(b)

China Sea medium-scale disi'urbances (4.7.3)

Third priority

Onset of Monsoon (4.5)
Actil,E;l and Break Monsoons (4.6)

<The numbers refer to the various sections in this report.)
In view of the limited resources, it is essential to assign priorities among the
various regional observational experiments. The great interest of the oceanographic and
atmospheric problems over the Arabian Sea cal Is for the first priority. As the Bay of
Bengal lows and depressions are the main rain-producing disturbances of the monsoon, the
next priority Is assigned to this.
Medium-scale disturbances which are observed In the China Sea are grouped separately
because they form in a different region.
The onset of the monsoon is a very important problem. However, study of this
phenomenen requires observations over both the Arabian Sea and the Bay of Bengal. Therefore. a lower (third) priority has been assigned to this component. This wi I I make the
other two components, which are confined to either the Arabian Sea or the Bay of Bengal,
more effective.
The above priorities were final iy agreed to after a good deal of discussion.
particular, there was considerable d·ifference of opinion regarding the priority to be
assigned to the onset component.

In

The component on orography (4.9) is very important, but th is can be undertaken at
any time; it wi I I need detai led regional observational networks. However, this component
(category B) is given a lower priority only with a view to accommbdate other regional studies
whuch have to be carried out at periods nearly .coinciding with the special observing
periods of the FGGE.
AI location of priorities is a complex but important matter and it cal Is for a
judicious choice of scientific problems to be studied ~Iith the given resources. The
selection of priorities as given in the preceding sections of the report is based on the
consideration of the particular problem area in its total ity. An altel-native way of
assigning the priorities may be to combine the most important aspeds of different problem
areas as the first priority.
Since the emphasis on a given problem area dictates the deployment of the
resources in a particular geographical location, a reformulation of the priorities wi I I
also require a rethinking about the strategy· of using the resources.
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7.3

Timing of the Various Components of MONEX

In Table I I is presented a preliminary plan for the timing of the individual
components of the MONEX.
The Second Special Observing Period (SOP I I) of the FGGE is proposed to be 15 May
to 30 June. The Conference recommended that in the MONEX area this period should be
extended to '15 July, i.e. a 2-month period, in order to make it possible to study the peak
activity of the monsoon.
The study of the Bay of Benga.1 monsQan and that of active and break
be conducted during July and August. The timing of the Arabian Sea component
is from 15 May to 15 July. It wi I1 be noticed that there is an overlap of 15
beginning of July) between the Arabian Sea and the Bay of Bengal components.
envisaged that some of the resources (ships and aircraft) wi I I shift from the
to the. Bay of Bengal in this period.

monsoons wi II
of MONEX (4.8)
days (in the
It is
Arabian Sea

The onset is scheduled for May and June.

SOP 1

SOP 2

~ M~so0A!~on

Grouping

Priority Jan.

hJj

T i mi n g
Feb.

JUly

Aug. Dec.

4.2 Heat Sources

~

4.3 Interaction
Summer

4.4 Interaction

A

I

Winter

4.5 Onset

(Arabian Sea &
Bav of Bengal

4.6 Active and
Break

V

:>

/~

~
~

~~

~
~

~

~~

~
~~

Bengal
Cyclcig.
2&

2b

(East China Sea

4.8 Arabian Sea
4.9 Orography

~ ~~

C

4.7.3 Medium

1

1-

~~

V./-. 'i

4.7.1 Bay of

4.7.2 Mid-Trop.
(Bay of Bengal)

~

~

~
~ I

~ ~ ~~

B

t

Table II: Grouping, Priorities and Timing of the Various
Components of the MONEX.
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7.4

Recommendations for the Further Planning of MONEX
The recommendations of the meeting are the following:
(i)

A third Planning Meeting on MONEX should be convened in late 1975 (before the
Second Session of the Inter-governmental Panel on the FGGE)

(i i) Working groups should be established for the future plannning of the various
components of MONEX. The terms of reference for these working groups should -be
(a)

Sharpening of the scientific objectives of MONEX

(b)

Formulation of the required numerical experimentation programme

(c)

Definition of the required observation (parameters to be observed, areal
extent, resolution in space and time, desired accuracy, etc.)

(d)

Identification of the relevant observational techniques

(e)

Identification of data management requirements (telecommunications,
analysis, etc.)

~rocessing,

(f)

Preliminary reports of the activities of the working groups should be
avai lable before the end of May 1975.

(i ii) A meeting should be convened before the end of August 1975 with representatives
of the individual working groups. The purpose of this"meeting would be to
present a draft of the final plan for MONEX.
(iv) The services of the JOC consultant on MONEX should be maintained for overal I
coordination.
(v)

Engagements of a consultant for the review of the observing system for the MONEX.

(vi) It was further recommended that the individual nations of the monsoon areas be
invited to attend a part of the working group meeting (item (iii) above). The
purpose of this meeting would be to provide them with information on the present
planning of MONEX; their support is considered to be very important for its success.
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GARP IMPLEMENTATION FUND, BUDGET FOR 1975
(Submitted by the Secretary-General, WMO)INTRODUCTION
I.
The Procedures agreed between WMO and ICSU require that the Secretary-General of
WMO, in comsultation with the JOC, shal I produce annual estimates of expenditure and revenue
which shal I be approved by the Executive Committees of both organizations.

PURPOSE OF DOCUMENT
2.

The purpose of this document is to submit the budget for 1975.
DiSCUSSiON

3.
The Sixth WMO Congress (Apri I 1971) approved a total expenditure of US $ 300,000
as the WMO contribution to the GARP Implementation Fund for the four-year period 1972-1975.
4.
For 1974, the Executive Committees of WMO and ICSU approved a budget for $ 15,000
on the assumption that WMO and ICSU would contribute equal amounts into the GARP Implementation
Fund. It was expected that an additional amount of approximately $ 44,000 would be required
for JPS which would be made avai lable by WMO and ICSU on an equal basis.
5.
For 1975, a budget for $ 150,000 is submitted on the same assumption, i.e. that
WMO and ICSU would contribute thi-s amount and any additional funds required to meet the
deficit of JPS on an equal basis.
6.
The budget (revenue ard expenditure) for 1975 is shown in Appendix A whi le the
breakdown of the expenditure into different parts of the budget is shown in Appendix B.
7.
This budget has been approved by the Executive Committee of WMO at its twentysixth session held in Geneva in May/June 1974. It takes into account the fact that halfcost of Director, JPS and his secretaries wi I I be chargeable to GARP Activities Office (GAO).
GAO is financed entirely from WMO resources.
8.
Regarding the proposed expenditure for 1975 in respect of the Joint Planning Staff
(Appendix B), it is estimated that an additional amount of approximately $ 31,000 would be
required. In order to supplement the GARP Implementation Fund budget in this respect, WMO
and ICSU agree to provide additional funds if necessary, each contributing an equal amount.
9.
As supplementary information, JOC may wish to know that the WMO in its Regular
Budget for 1975, has made a provision of $ 220,000 for "Support to FGGE" from which would
be paid the expenditures of GAO. Also, part of the appropriation of $ 219,000 in WMO's 1975
bUdget for ISMG would be used for the GATE component of the GAO.
10.
It should be noted that this budget, when approved by the JOC, wi II be presented
to the Executive Committee of ICSU for its agreement.
ACT ION PROPOSED
I I.

The JOC is invited to comment on the 1975 budget contained-in Appendices A and B.
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GARP IMPLEMENTATION FUND
BUDGET FOR 1975
( i n US do I Iars)

REVENUE

1975

Contri but i on from WMO

75,000

Contri buti on from ICSU

75,000

$ 150,000
========

EXPENDITURE

1975

ANTICIPATED
TOTAL
EXPENDITURE
1974

Joi nt GARP
Organizing
Committee

146,000

146,000

1I

Administrative
and Common
Services

3,000

3,000

II1

Other budgetary
provisions

I ,000

1,000

$ 150,000

$ 150,000

=========

========

The expenditure for JPS (Personnel) in 1975, including half-cost of Director,
Joint Planning Staff (the other half being chargeable to GARP Activities Office) is estimated
to be $ 96,000 instead of $ 65,000 proposed. Therefore, an additional amount of approximately
$ 31,000 would be required. This additional requirement arises from salary increases
since the approval of the WMO budget by Sixth Congress in Apri I 1971.
It appears that ICSU wi I I be able to make an additional contribution which, if
matched by an equal amount by WMO, wi I I eanble this additional requirement of $ 31,000 to
be met. As last year, the Executive Committee approved a stand-by arrangement for 1975 by
providing $ 15,000 for this purpose under budget section I II.B.4(b).
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DETAILED BREAKDOWN OF THE ESTIMATED EXPENDITURE FOR THE YEAR 1975
I.

Joi nt GARP Organizing Committee
A
A.I

A.2
A.3
B
B. I

B.2
C
D
E
F

1975

Meetings
Sessions of JOC
Sessions of the Off i cers
Reports
Personnel
Joint Planning Staff
Travel
Consultants and Study Groups
Worki ng Groups
Pub I icat ions
Temporary Staff

25,000
2,000
500
65,000
12,000
15,000
10,000
15,000
1,500
$ 146,000

I I.

Administrative and Common Services
A
B
C
D
E
F

Reproduction of documents
Stationary, office supplies
Office equipment and machines
Communications
Premi ses
Hos p i ta I i ty

3,000

$

I I I.

3,000

Other budgetary provisions
A

B
C

Contingencies and unforeseen expenditures
External Audit
Insurances and Staff Compensation Fund

100
900
$

1,000

$ 150,000

