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FOREWORD
The Seventh Session of the WMO Executive Committee Inter-governmental
Panel on the First GARP Global Experiment was held close to the end of the
Operational Year of FGGE. The Panel accordingly reviewed and assessed the
performance of the FGGE Composite Observing System during this year. The status
of the FGGE Data Management and the implementation of the Regional Experiments
were also reviewed. Special attention was given to the future utilization of
special observing systems developed for the FGGE.
The Panel noted with satisfaction that the observational requirements set
for the Experiment were satisfied to a large extent and were occasionally even
exceeded. The concept developed by the JOC to utilize various types of observational
systems collectively to acquire atmospheric data has proven to be very successful.
One of the basic objectives of FGGE is to design an optimum composite
meteorological observing system for routine numerical weather prediction of the
larger-scale features of the general circulation. The Panel considered that,
taking into account the undeniable success of many of the special observing systems,
it is highly desirable to maintain these systems in operation in the future to the
greatest extent possible. It was fully recognized that the final design of a new
composite World Weather Watch Global Observing System must await the outcome of the
Observing Systems Experiments presently developed by the JOC Working Group on
Numerical Experimentation.
The data set acquired during the FGGE Operational Year provides the
necessary basis for the Research and Evaluation Phase of the Experiment. More than
150 scientific institutions in the world will use these data in more than 500
projects during the period 1980 - 1985. The results of these studies will assure
the achievement of the scientific objectives set for the Experiment.
I would like to take this opportunity to thank all Members of WMO who
made the implementation of the data collection phase of FGGE a success. I trust
that their co-operation will continue during the Research and Evaluation phase
with the same enthusiasm as before, thereby facilitating the continued efforts of
the international scientific community for the advanc€ment of the science of
meteorology with its many applications from which all countries will be able to
benefit.

rs~"

.::.-----

c_

(D.A. Davies)
Secretary-General

1.

ORGANIZATION OF THE SESSION

1 1

Opening of the Session

0

101 01
Mr. B. Gosset, Chairman of the WMO Executive Committee Inter-governmental
Panel on the FGGE, opened the meeting at 10:00 a.m. on 12 November 1979 in the WMO
Secretariat. Dr. D. A. Davies, Secretary-General of WMO, welcomed the participants
to the Secretariat.
1 01.2
The Secretary-General recalled the recent meeting of Congress (Cg-VIII)
whose proposals and decisions were included in the documentation for this session o
He pointed out that Congress had referred to FGGE as the "greatest meteorological
undertaking in history" and had urged that no efforts be spared in completing the
Research and Evaluation Phase of the Global Weather Experiment, and its Regional
Experiments, at the national and international levels in the fulfilment of the first
objective of GARP. Subsequently, the Executive Committee at its thirty-first session
(EC-XXXI) had further endorsed these views. The Secretary-General added that these
recognitions were a reassuring basis for the current Panel discussions. The SecretaryGeneral reminded the Panel that the Operational Year of FGGE would terminate on
30 November 1979 and that the Experiment had been a great success despite several
difficulties. Data collection objectives were largely satisfied and occasionally
exceeded o Particularly noteworthy was the buoy systemo He added that due consideration should be given to the continuation of the new observing systems developed for
FGGE as urged by Congress. The Secretary-General then quoted the objectives of the
Experiment and stressed the need to ensure that these would be fulfilled.
1.1.3
Professor H. Charnock addressed the Panel on behalf of ICSU and conveyed
the apologies of the President, Professor C. de Jager, who could not attend~
Professor Charnock stated that while it was still too early to tell if the Experiment
would fulfil all its objectives, ICSU felt that FGGE would prove overall to be a
great success. He congratulated those who had envisaged and planned such an ambitious project, and emphasized the co-operation developed among the various relevant
disciplines during FGGE. He forecasted an increasing role for oceanography in the
World Climate Research Programme. In conclusion, Professor Charnock expressed, on
behalf of ICSU, particular thanks to Dr. Davies for his efforts and co-operation
which helped to ensure the success of the Global Weather Experiment. Professor
Charnock's address is given as Appendix A.
1.1
set
for
and
for

0

4
The Chairman pointed out that the conclusions drawn from the FGGE data
would much improve our understanding of the atmosphere and he stressed the need
the continuation of efforts begun during FGGE regarding new observing systems
improved data transmissions. Mr. Gosset extended thanks to all Member Countries
their contributions towards a successful experiment.

1.1.5

The list of participants is given in Appendix Bo
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1.2

Approval of the Agenda
The agenda as adopted is given in Appendix Cc

1.3

Programme of Work of the Session

1.3 1
The Panel agreed to cover all agenda items and documents during plenary
in order to highlight the specific items that required further action. Following
that, the meeting was organized into three drafting groups to consider and report
to the plenary on the following topics:
0

Item

Topic

Chairman

B

7
6

Mr. Kaneshige
Dr. Langlo

C

8

Data Management
Future Observing
Systems
Regional Experiments

Drafting Group
A

2.

Mr. Mbele-Mbong

REVIEW OF ACTIONS TAKEN BY THE JOINT ORGANIZING COMMITTEE

The Panel was informed of actions taken by the JOC at its fifteenth
session in Dubrovnik from 28 February - 6 March 1979 on the matters concerning
the FGGE Data Management and research activities related to FGGE and its Regional
Experiments (MONEX, POLEX and WAMEX). More comprehensive discussion on the FGGE
Data Management questions is contained in Section 7 and on research activities in
Section 9 of this report.

3.

REVIEW OF ACTIONS TAKEN BY CG-VIII AND EC-XXXI

The Panel was informed of the recommendations regarding the FGGE that were
made by the WMO Congress at its eighth session and by the WMO Executive Committee
at its thirty-first session. The Panel noted the items and agreed to treat matters
raised under the appropriate agenda item.

- 3 4.

ANALYSIS OF FGGE OPERATIONS

4.1

General Analysis

4.1.1
The FGGE Operations Centre of the GARP Activities Office of WMO was
established to co-ordinate the international FGGE-related operations. During the
FGGE Operational Year the main task of the Centre was to monitor the performance of
various components of the FGGE Composite Observing System. The Panel was informed
that no major failure of any Special Observing System occurred during the Operational
Year. The "partial" failures experienced will be highlighted later in this section
c

4.1.2
The Panel noted that the implementation of the Experiment was carried out
on schedule. However, it was noted that certain elements of the FGGE Implementation/
Operations Plan were published and distributed too late to be truly effective documents for the planning of the National Programmes. To correct this problem in future
programmes, two actions were suggested:

(i)

Early commitment of the Observing Systems by the participating Members would
be most helpful in preparation of operations plans.

(ii)

Organization at an early date of adequate staff dedicated to the preparation
of such plans. This could imply that appropriate staff would have to be
seconded by participating Members at an early date in the planning.

4.1.3
The Panel expressed its deep ~ratitude to Members for generously making
commitments to the Experiment. However, the Panel recommended that in order to obtain
early commitments for future programmes, the governments should be made aware of these
programmes well in advance so that the Members can make commitments earlier than those
made in the planning of FGGE. It was also stressed that the contacts between WMO and
Members should be established at the highest possible level in order to guarantee the
necessary priority to be given to the future international meteorological programmes.
Moreover, the Panel felt that printed material explaining clearly the objectives and
benefits of the programme would be extremely useful in convincing the governments to
make necessary commitments.
4.1.4
The Panel was informed that the main operational problem of a general nature
was the difficulty in achieving formal agreements between WMO and some Members regarding conduction of FGGE-related activities in these countries or in waters under their
national jurisdictions. The Panel was of the opinion that the early commencement of
relevant negotiations at the highest possible level would probably yield better results.
4.2

WWW Surface-based Observing System
Routine WWW Networks

4.2.1
The operation of the World Weather Watch surface and upper-air networks for
FGGE was carried out on the routine basis with augmentation of observing programmes
where feasible. Through the WMO Voluntary Co-operation Programme, special assistance
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was provided to 72 upper-air stations.
activi ties:

(i)
(ii)
(iii)

This assistance consisted of the following

Provision of basic equipment and spare parts through the WMO Voluntary Cooperation Programme (VCP);
Provision of expendables for the increased FGGE operation through the
WMO VCP;
Visits by technical personnel to service equipment through the WMO VCP(F).

4.2.2
The Panel noted the above actions with satisfaction and expressed its gratitide to the donor countries. The U.S.A. was especailly thanked for arranging technical
personnel to be stationed in Africa and South America during the FGGE Observational
Year.

40203
During the SOPs the World Weather Watch surface~based observing system was
augmented by establishing 12 special upper-air stations in ·the tropics. The Panel
thanked the Members who prqvided equipment and personnel for the implementation of
this augmentation,

4.2.4
At the time of the meeting the production of the final Level II-b data
set had just begun. Table 4.2.1 provides an example of the statistics for the
real-time (Level II-a) and delayed (Level II-b) data collection o For reference
purposes the WWW network was assumed to operate as given in Appendix 2 of Volume 3
of the FGGE Implementation/Operations Plan.

4.2.5
In support of FGGE a procedure was instituted to collect surface synoptic
meteorological data from mobile ships in delayed mode. This task was carried out by
the Federal Republic of Germany. This was noted by the Panel with much gratitude.

4.3

Satellites

~~!~=-~=~~!~~~-~~!~!!~!~~
4.3.1
The FGGE plan included the acquisition of the following Level II-b data
types from the polar orbiting satellite systems:

(i)
(ii)
(iii)
(iv)

Vertical temperature and humidity soundings;
Clear-radiance data;
Sea-surface temperature data;
Experimental stratospheric sounding datao
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Table 4.2.1

Reception Statist1cs for Surface and Upper-air Reports
From 17 to 26 December 1978 prepared by the Space-based
and Special Observing System Data Centre, Norrkoping,
Sweden

NMC Washington
Level II-a data set
REGION

No,of FGGE

Percentage

stations

%

No. of not reporting stat.

Final
Level II-I;> data set
Percentage

%

No. of not reporting stat.

Surface stations
I

Africa

787

55

154

64

141

II

Asia

854

89

25

92

14

324

79

18

80

17

8

91

8

III S. America
IV

N. America

432

89

V

Austr. + Dc.

390

79

25

89

8

VI

Europe

287

95

5

97

2

Antarctica

30

79

0

83

0

Dpper-~ir ~tations

I

Afrioea

336

29

157

52

108

II

Asia

35"9

89

23

96

13

110

<l9

31

41

28
10

IU 5. America
IV

N.

Americ~

208

99

10

10e

13

84

9

V

Austr. + Qc.

178

75

YI

Europe

163

..82

13

,86

11

Antar!:th:a

19

75

1

77

1

- 6 4.3.2
The TIROS-N satellite system played a central role in the FGGE polar
orbiting satellite network
This satellite has been fully operational since
1 January 1979. The NOAA-5 satellite provided similar data to the Level II-b
data set during December 1978. Although NIMBUS-7 is an experimental satellite,
stratospheric sounding data will be submitted to the Level II-b data set for the
period 1 December 1978 - 31 May 1979. Additionally, the Experimental Satellite
Data Producer plans to deliver directly to the WDCs as supplementary Level II-b
or II-c data the following data sets from NIMBUS-7:
0

(i)

sea-surface temperature;

(ii)

surface wind speed over oceans;

(iii)

total atmospheric water vapour;

(iv)

sea-ice concentration;

(v)

rain rate over oceans;

(vi)
(vii)

(viii)

earth radiation budget data;
total ozone content;
ozone profiles.

4.3.3
The second third-generation satellite, NOAA-6, was launched at the end of
June 1979, and thus data from this spacecraft can be obtained only for the last
months of the FGGE Operational Year.
4.3.4
The Panel noted with gratitude that, as a whole, the polar orbiting satellite system provided by the u.s.A. was a great success and that the quality of the
data was better than ever before, resulting in a highly valuable doto set.

4.3.5
Throughout the FGGE Operational Year five geostationary satellites were
operated with only minor data losses due to sensor malfunctions. Photographic products of visible, infrared and water vapour images were made available. During the
first seven months of the Operationol Year two wind sets per day from each satellite
were produced on 90% of the days. The monthly average number of wind vectors produced during this time period was 170,000. Sea-surface temperatures were also provided by some satellite operators.
4.3.6
The Panel congratulated and thanked the geostationary satellite operators
and data producers for an outstanding performance during FGGE.
4.4

Tropical Wind Observing Ships

During SOP-I 40 ships were operated as FGGE platforms in the tropical belt
4.401
while during SOP 11 43 vessels participated in the Experiment. Altogether about
7,000 upper-air soundings were made. The ship array was adequate in the tropical

- 7 Atlantic north of the equator during both SOPs. The coverage in the Indian Ocean was
good, especially during SOP-II and Summer MONEX. The coverage was poorest in the
eastern Pacific area.

4.4.2
Twenty-eight Navaid Sounding Systems were purchased through WMO for the
Tropical Wind Observing Ships.
Nearly 4,000 soundings were made using this equipment. Based on information for SOP-I, 94% of the Navaid soundings fulfil the FGGE
accuracy requirements. About 90% of soundings ascended higher than 200 mb level
(12 km) and 70% penetrated through 70 mb level (18 km). For SOP-II no such statistics
were available, but according to the experience of India, the quality of the Navaid
soundings during SOP-II also satisfied the accuracy requirements.
4.4.3
The Panel expressed its gratitude to the contributors to the TWOS System
for making ships available and for arranging the necessary funding for the development and procurement of the required equipment. Finland was thanked for efficiently
processing the Navaid data.
4.5

Aircraft Dropwindsonde System

4.5.1
The FGGE Aircraft Dropwindsonde Programme was designed to fill in gaps in
the surface-based vertical sounding network in the tropical oceanic regions. This
programme involved a total of 67 days of flight operations during which nine aircraft flew more than 300 missions making more than 5,000 successful soundings.
4.5.2
The Panel thanked the operator (U.S.A.) of the Aircraft Dropwindsonde
System for providing this indispensible system to collect these observations from
otherwise data-sparse regions. The representative of the U.S.A. expressed the
gratitude of his country to Mexico and the U.K. for providing bases for the aircraft
operations.
4.6

Tropical Constant Level Balloon System

4.6.1
The Tropical Constant Level Balloon System was implemented in order to
obtain upper tropospheric data from the tropical region above the levels covered
by the aircraft programme. For SOP-I, 153 balloons were launched. Many of these
balloons drifted rather quickly deep to the south and the lifetime was less than
expected. Nevertheless, a large number of data were obtained. The number of
balloons launched for SOP-II was 160. The life span of these balloons was considerably better than for SOP-I and the global coverage was significantly improved.
4.6.2
The Panel expressed its gratitude to the operator (U.S.Ao) of the Tropical
Constant Level Balloon System for this highly valuable contribution. The ARGOS
System operators were congratulated for implementing a very successful data eollection and processing system. The representative of the U.S.A. thanked the WMO Secretariat and ICAO for co-ordination and assistance and expressed gratitude to affected
Member Countries for allowing balloons to overfly their territories without incident.
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(i) Surface observations, SYNOP, SHIP, DRIBU
(ii)
(iii)
(iv)
(v)

(vi)
(vii)
(viii)
(ix)

4.10.4
below:

Upper-air observations, TEMP, TEMP SHIP, TEMP DROP, PILOT, PILOT SHIP
Satellite soundings, SATEM
Satellite clear radiances, SARAD
Satellite winds, SATOB
Satellite sea surface temperature, SATOB
Single level observations, COlBA, ASDAR, AIDS, AIREP, CODAR
Sea surface temperature, SHIP, DRIBU
Ocean data, BATHY, TESAC
The time averaging will be computed for the various time periods as shown
PERIOD

27.11.78

5.1.79

40

6 .. 1. 79 - 15.1.79

10

16.1.79 - 25 ..1.79

10

26.1.79 -

4.2.79'

10

- 14.2.79

10

15.2.79 - 24.2.79

10

25.2.79

6.3.79

10

7.3.79

- 25.4.79

,50

5.2.79

-

NO. OF DAYS

26.4.79 -

4.5.79

10

- 14.5.79

10

15.5.79 - 24.5.79

10

-

4.6.79

10

5.6.79

- 14.6.79

10

15.6.79

- 24.6.79

10

25.6.79

-

4.7.79

10

5.7.79 - 12.9.79

70

13.9.79 - 1.12.79

80

5.5.79
25.5.79

VOLUME III

VOLUt"1E IV

VOLUME V
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4.10.5
The time averaged sum of observations will be displayed. The averaged sum
of observations will be calculated from statistics based upon the amount of observations per 50 lat x 50 long squares. The figures will be normalized to a specific area
that has to be defined after further experience. It will probably be necessary to use
different areas for different groups of data. The daily average number of observations over the unit area will be presented for each 50 lat x 5 long squares. In
addition, to provide an easy means of judging the overall global distribution of the
data collected, grey-shading techniques will be applied to indicate areas with various
frequencies of observations taken.
4.10.6

Volumes VII, VIII, IX, and X of the Report will summarize the operations for
the Regional Experiments.

5.

INITIAL ASSESSMENT OF FGGE

5.1

Assessment by the JOC

5.1.1

The document on the assessment of FGGE by the JOC was presented by the JOC
representative. The Panel extended its congratulations to the author Mr. G. Corby,
the JOC Liasion Officer to the GARP Activities Office during the period January 1979June 1979 of the FGGE Operational Year, for an excellent report, which is reproduced
in Appendix F.

5~2

Assessment by the Panel

5.2.1
The Panel noted with special appreciation that the concept developed by the
JOC to utilize vorious types of observational systems to collectively acquire atmospheric data has proven to be very successful~
5.2.2
The Panel expressed its preliminary
FGGE in the following summary:

(i)

thoughts on the early assessment of

FGGE has served as a catalyst for nations to come together and to contribute
resources to produce a unique global research data set;

(ii)

FGGE has served as a focus in time which has led to accelerated technological advances (e.g., the additional geostationary satellites and
improved buoy technology);

(iii)

The five geostationary satellites have provided, for the first time, a
simultaneous view of the development of tropical systems around the
entire globe;

(iv)

The benefits of the real-time use of data from these five geostationary
satellites will hopefully accelerate the implementation of similar systems
as part of the future GOS;
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(v)

The Experiment has led to a greatly increased research effort on improving
the quality and quantity of satellite soundings;

(vi)

The observations available in the tropics for research have increased by
nearly an order of magnitude due to the international contributions of
satellites, aircraft, ships, balloons and temporary island stations during
the Special Observing Periods;

(vii)

The year-long test of the prototype ASDAR system was successful and the
results should lead the way to an operational system;

(viii)

The combination of the drifting buoys and the ARGOS system on TIROS-N has
provided a vast improvement in the observational coverage of the southern
hemisphere;

(ix)

The international co-operation in the various Monsoon Experiments should
greatly improve our understanding of these important atmospheric circulations;

(v)

The Panel can be cautiously optimistic that the entire FGGE data set will
meet its scientific objectives in view of the early results of the
European Centre for Medium Range Weather Forecasts (ECMWF) in their
evaluation of the results of the end-to-end test.

- 13 6.

DESIGN OF THE FUTURE OBSERVING SYSTEMS FOR THE PREDICTION OF THE LARGE
SCALE ATMOSPHERIC MOTION

6.1

Introduction

6.1.1
One of the basic objectives of the FGGE is to design an optimum composite
meteorological observing system for routine numerical weather prediction of the
larger-scale features of the general circulation. Within the FGGE Operational Year
the value of the data provided has been demonstrated. The geostationary satellites,
ocean ships and aircraft have provided an unprecedented coverage of the evolution of
weather systems in the entire tropical belt. The polar orbiting satellites, drifting
buoys and ASDAR systems have made direct improvements in day to day analyses and
forecasts. Thus, in the short term, it is at least highly desirable to maintain
these systems in operation to the greatest extent possible. In Appendix G various
members have indicated the extent of their commitment towards this need. However,
it is obvious that these commitments will not maintain the full qomposite observing
system established during the FGGE.
.
6.1.2
The Panel fully recognized that the final design of a new composite WWW
Global Observing System in accordance with one of the aims of fGGE must await the
outcome of Observing System Experiments (OSEs) presently under way. Results will
become successively available and it is anticipated that by 1982 comprehensive
assessment based on numerical studies will be possible.
6.2

Interim Requirements

It is obvious that the future GOS has to satisfy a variety of needs, extending from nowcasting to long range forecasting as well as those requirements yet
to be stated in detail for climate monitoring. At this time the Panel onl¥ considered the requirements for regional and global forecasting on a broad scale. It is
necessary in this regard to disti.nguish between the tropics and the extra tropical
zones due to different degrees of coupling and relative importance of wind and massfield information.

6.2.1

6.2.2

In the extra tropics the following additional observations will be vital;
- improved satellite temperature soundings and a network of high quality
radiosoundings particularly over ocean areas
- surface pressure observations particularly in data sparse land areas
and over the oceans.

6.2.3

The surface pressure observations are needed in order to provide the necessary reference level data. lJ we do ~?_t_~~~e.,.:':'..Ef..9f.g .... IU'_~ssur_~.~a~_!he:._ vq!JLe Rf~.,
sate1!i tetemperatures.....~..HJ.§e.;r.ic:>y.§l,ybe reauced. Recent investigations have shown
Hlc-i-an"E;lfIcient'uscige of co-located'radlosoundings of high quality, and available
in representative areas including ocean regions, will improve the quality of satellite temperature soundings.

(
..
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6.2.4

In the tropics, on the other hand, the following additional observations
are the most vital:
- satellite wind observations and when available aircraft winds
- a network of vertical wind soundings
- surface pressure observations

\) 6.2.5
.

Cl

The geostationary satellites, which provide quantitative wind information,
are presently the only available system covering the entire tropical belt and must
consequently constitute the major part of the tropical observing system.

Vertical 't,ind profil_~re necessary for E~.L~~':lS:~I:!.Ee,~_~~~,,~9JId for supporting the vertical interpolation of~ewInd'v~ectors provided by the geostationary
satellites and by aircraft.

6.2.6

6.3

Interim Actions

6.3.1
The Panel noted the successful performance of the ARGOS system in providing
buoy and balloon data and expressed its appreciation to participating Member countries,
and in particular to the Government of France for the provision of free processing of
this data during the FGGE year. In the interest of stimulating the continuation of
the buoy programme in both the southern and northern hemisphere, and as a step toward
the implementation of drifting buoys as part of the WWW, the Panel strongly urged that
\ France continue to provide free processing for those buoys already in operation.

6.3.2

The Panel further recommended that France be invited to provide

t~gl£~~

eossib~price for buoy data processing associated with future dri fting bu~pplIca

tions which support WMO and IOC activities.
6.3.3

The Panel noted the operational requirements of Member Countries and urged

th~t meteorological and oceanographic data from drifting buoys be inserted on the

GTS with minimum delay.

~

6.3.4
The Panel noted that the WMO/IOC Informal Planning Meeting on Drifting
Buoy Programmes, which will be held 3-5 December in Geneva, will recommend procedures
for establishing an operational drifting buoy programme (e.g. strategies for funding,
d7ployment, d~ta. manage.ment, mainte~ance, etc.) and ~uggested. that. ~hese recommendahons be submJ.tted to the next sessJ.on of the Execuhve CommJ.ttee w.J.th the purpose
of establishing a WWW/IGOSS drifting buoy programme as soon as possible as a first
step in the implementation of a future composite observing system.
6.4

Long Term Planning

6.4.1
For the reasons outlined in the introduction it is.' not at present possible
to define the final integrated observing network, but it is reasonable to suppose
that· this will consist of systems in various combinations which were tested and used
in FGGE., More permanent institutional arrangements will have to be established for.
the deployment and maintenance of this integrated system.
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The Panel foresaw that the design and
work will have to proceed in the following way:

i~plementation

of the required net-

(i)

The execution of a vigorous Observing Systems Experiment (OSE) programme
for the re-definition of the data requirements for the prediction of the
large-scale atmospheric motions. This work will be based on the FGGE
Level II-b data sets.

(ii)

The interpretation of the results of the OSE programme in terms of
improvements in the accuracy and range of forecasts of the large scale
atmospheric motions which will result from the implementation of systems
which would fulfil the data requirements.

(iii)

(iv)

The design of a practical composite meteorological observing system based
on operating experiencegaineq during FGGE. Clearly in this regard it
will be necessary to take into account the observational needs for shorter
period forecasting as well as those of the World Climate Programme which
is certain to require oceanographic and other observations.
The design of this system will require the establishment of an appropriate
body to oversee the interaction between various components from a scientific
and technical viewpoint. It appears likely that sub-bodies will be needed
to co-ordinate individual national efforts to deploy and maintain components
of the total system perhaps on the lines of the NAOS Board.

6.4.3
The Panel requested the JOC/JSC to plan and carry out the Observing Systems
Experiments tsee above) and inform the Panel.
6.4.4

The Panel suggested that the Executive Committee may wish to allocate to
the task of co-ordinating all activities relating to:

~

(i)

the short term planning for the continuation of those observing systems,
the usefulness of which have been clearly demonstrated during FGGE and
its Regional Experiments
(ii) the long term planning for the implementation of a future composite global
observing system for prediction of the large scale motion of the atmosp~ere
~or climat; studies of the ocean-atmosphere system.

~h:~id
be ~~et~~n:~m:a:y~: ::e t~~i~~~:e~~a;n:~;:;;~,~~~;~~,~;~~;~1:'~9;~;b~;"lQQ~~ \
i.e. it should include representatives of those Memb.ers, who can be expected to make
a significant contribution to one or more of the components of the future global
observing system, which will require international co-ordination.
6.4.6
The Panel stressed the need for obtaining scientific and technical advice
from the JOC/JSC and other international bodies.
6.4.7
The Panel also recognized that from time to time failures can be expected
to occur in parts of the integrated system. Any organization(s) established to operate the systems must be able to react quickly and take appropriate measures.

?
~
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7.

THE FGGE DATA MANAGEMENT

7.1

General

7.1.1
The Panel reviewed the reports of the second and third sessions of the
Inter-governmental Panel's Working Group on the FGGE Data Management (Moscow,
20-24 November 1978, and Paris, 2-6 April 1979, respectively) and the Extraordinary
Meeting of Experts from the Surface-Based Data Management Centres (Norrkoping,
22-25 October 1979). The status of the FGGE data management activities has also
been reviewed. The Panel's views regarding the status of operation of the data
management scheme and plans for future activity are given in the subsequent paragraphs.
7.2

Status of the FGGE Build-up Year Data Flow

7.2.1
The Panel noted that the Swedish Level II-b Data Centre had completed
merging all Space-Based and Special Observing System data for the period 1 January
26 November 1978. In the case of surface-based data, the third session of the
Working Group on the FGGE Data Management (WGDM-III) proposed a preliminary schedule
for reprocessing of data, which showed that all subsets of surface-based data could
be delivered to the U.S.S.R. Level II-b Data Centre by 16 January 1980. It was noted
that all the data for the Japan Area Sub-centre area and 1 January - 9 February 1978
data for the U.S.S.R. Area Sub-centre would be inserted by the Swedish Level II-b
Data Centre, using data from the NMC Washington Level II-a data set. It was further
noted that the preliminary schedule was developed under the assumption that no major
problems occur with the processing of FGGE Operational Year data.
7.2.2
The Panel was informed that data tape shipments had been made by the U.S.A.
Area Sub-centre up to 30 May 1978, the U.S.S.R. Area Sub-centre up to 10 May 1978,
and the Mobile Ship Data Centre up to 31 July 1978. Due to continuing difficulties
encountered in the data sets for the Operational Year, the U.K. Area Sub-centre has
only recently shipped data tapes for 1-30 January 1978 and decided to delay its shipments of further FGGE Build-up Year data tapes to the U.S.S.R. Level II-b Data Centre.
Therefore, no merging of Build-up Year data has been performed yet.
7.2.3
The Panel endorsed a revised schedule for the reprocessing of Build-up
Year data which was drawn up by the Extraordinary Meeting of Experts from the SurfaceBased Data Management Centres (Norrkoping, Sweden, 22-25 October 1979). The Panel
urged the U.K. Area Sub-centre to finish the reprocessing of data for FebruaryNovember 1978 not later than February 1980. The Panel established 1 May 1980 as
the deadline for sending the complete Build-up Year Level II-b data set to the WDCs
and the Level III-b Data Producers.
Appendix H contains the schedule for reprocessing of FGGE build-up year data.
7.2.4
The Panel approved the suggestion of the Swedish Level II-b Data Centre in
consultation with satellite data producers to make the satellite wind, sounding and
radiance data for the Build-up Year compatible with the data after 1 October 1978.
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7.3

Status of the Level II-b Data Management

7.3.1
The Panel was informed of the current status and existing problems in
preparation of the FGGE Level II-b data set. The Panel noted that the schedule for
the production of final Level II-b data set was prepared by the third session of
the WGDM and that, at present, the Level II-b Data Centres are approximately four
months behind schedule. The following main reasons have caused this delay:
(a)

A large number of operational data tapes produced at the U.K. Area Subcentre were found unreadable by the Level II-b Surface-Based Data Centre
(SBDC) because of hardware problems on the U.K. Met. Office computer and
the external installation which was used by the U.K. Area Sub-centre to
prepare the data tapes;

(b)

A large number of parity errors occurred up to mid September 1979 on the
tapes produced by the SBDC;

(c)

Data format errors in the surface-based data sub-sets from the Area Subcentres;

(d)

Delay in production of TWOS/Radar data. The ~elay was originated by the
ship owner countries and the TWOS/Radar Data Centre;

(e)

Delay in the reprocessing of the merged operational surface-based data
tapes for 6 January - 14 February 1979 by the SBDC.

7.3.2
The Panel expressed great concern that preparation of the complete FGGE
Level II-b data set was delayed and noted that further delay coul~ jeopardi~e the
completion of the preparation of the fGGE Level II-b and III-b data sets, since the
Centres involved have definite time limits for their operations. Therefore, the
Panel str€ssed that:
(i)
(ii)

(iii)
(iv)

Data producers should take immediate action to correct all format and
parity errors;
The U.K. Area Sub-centre should take urgent measures to solve its tape
recording problems and to maintain the original schedules for the supply
of data to the SBDC;
Data Centres should strictly follow the agreed-upon acknowledgement
procedurej
Ship owner countries outside the U.S.S.R., in addition to sending data
tapes to the TWOS/Radar Data Centre, should deliver copies of all their
TWOS/Radar data tapes to the SBSOSDC not later than 1 December 1979. The
SBSOSDC will incorporate any TWOS/Radar data available to it, that is
not available in the merged surface-based data set provided by the SBDC.
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7.3.3
The Panel endorsed the following schedule for the insertion of most TWOS/
Radar SOP-I reports into the final Level II-b data set:
(a)

The TWOS/Radar Data Centre provides the Level II-b SBDC with available
TWOS/Radar reports for SOP-I during November 1979;

(b)

The Level II-b SBDC will reprocess and merge the Level II-b surface-based
data set for SOP-I before 1 December 1979. This data set will be delivered
to the Level II-b SBSOSDC;

(c)

During the comparison with Level II-a data, the SBSOSDC will add any available TWOS/Radar reports, which are not included in the Level II-b surfacebased data set, to the final Level II-b data set. The final Level II-b
data set for SOP-I will be produced by the end of December 1979j

(d)

The TWOS/Radar Data Centre will process any TWOS/Radar reports received
after November 1979 and produce a complete TWOS/Radar data set for SOP-I
in December 1979 and this data set will be shipped to WDC-A and WDC-B by
June 1980 as a supplemental data set.

7.a.4
The Panel noted that Level II-b data tapes covering the first three 10-day
periods of the FGGE Operational Year (27 November - 26 December 1978) were received
in ECMWF on 19 October 1979. They were mailed as surface mail from the SBSOSDC
(Norrkoping) on 24 September 1979. The ECMWF Level III-b Data Producer began assimilation of the FGGE data for-the Operational Year at the end of October-1979. The
ECMWF is aiming at an initial production rate of about five days of observations per
working week, and should be able to deliver the first operational Level III-b tapes
to the WDCs by December 1979.
7.3.5
Further delays in the Level II-b data production cannot be accepted by the
ECMWF Level III-b Data Producer. Due to other commitments, both manpower and computer
resources for FGGE purposes at the ECMWF will be extremely limited after January 1981.
In order to produce Level III-b data for the complete FGGE Operational Year by January
1981, it is necessary for ECMWF to have the Level II-b data for the FGGE time period
of 27 December 1978 to 5 January 1979 available by 1 December 1979 and for the period
from 6 January to 14 February 1979 by the end of December 1979. Data from the following periods have to be delivered without further interruptions. The Panel approved
the plan to ship replacement data tapes for 6 January - 14 February 1979 from the
SBDC to the SBSOSDC during November 1979 and to ship final Level II-b data sets from
the SBSOSDC to the WDC-A and Level III-b data producers in the following order:
data for 6 January - 24 February 1979 will be shipped by the end of December 1979;
data for 25 February - 26 March 1979 will be shipped by early January 1980.
7.3.6
The Panel urged the countries involved in the FGGE Data Management Scheme
to continue the activities of their Centres, if necessary, up to about six months to
accomplish the FGGE data sets preparation. The representatives of the U.K. and Japan
noted that continuation of their area sub-centre operations beyond their planned
termination dates of March and April 1980 will not be possible. However, both
Centres plan to complete their work by these dates.
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7.3.7
The Panel was informed that the Area Sub-centres of Japan and U.S.A., the
Mobile Ship Data Centre, the Special Aircraft Data Centre, TWOS/Radar Data Centre
and the Experimental Satellite Data Producers were planning to prepare supplementary
Level II-b data tapes, which will be delivered to the WDCs by June 1980. The U.K.
Area Sub-centre has estimated that the total number of extra reports captured by
supplementary processing would be less than 1% of the number already in the Level
II-b data set, although approximately 15% extra computing resources would be required
to process them. However, for some countries in Region I, the number of extra reports
could be significant. The U.K. member noted that if the Panel believed it to be
worthwhile, the U.K. Area Sub-centre is prepared to process supplementary data for
the period of the two SOPs only. The Panel requested the U.K. Area Sub-centre to
make every effort to provide supplementary data for the entire FGGE Operational Year.
7.3.8
The Panel concluded that Level II-b supplementary data should be formatted
and structured in the same way as the FGGE Level II-b data set, in order to facilitate their possible use with the Level II-b data set. The Panel was informed that
the current plan is simply to archive the individual data tapes as they are received.
The Panel was concerned that unless the individual submissions of supplementary data
are combined into a single supplementary data set containing multiple data types or
merged in the Level II-b data set, their use by researchers may be extremely difficult. The following options suggested by the meeting of experts at Norrkoping, were
present~d as possibilities:

(i)

Combine the data from the individual data tapes into a single supplementary
data set. (This will require a centre other than the WDCs to perform the
merging. Duplicates between the supplementary data set and the Level II-b
data set will occur.)

(ii)

Merge the supplementary data with the Level II-b data and eliminate duplicates to produce the most complete Level II-b data set. (This task will
require a centre other than the WDCs to perform the merging, and will in
all likelihood require considerable resources.)

7.3.9
The Panel requested the WGDM to make an in-depth study of what should be
done with the various types of supplementary data to be delivered to the WDCs~ in
order to make them more useful to researchers.
7.4

Status of the Level II-a and III-a Data Management

7.4.1
The Panel was informed that WMC Melbourne has produced inventories of the
Level 11-0 data for December 1978 - September 1979 and Level III-a data tapes for
1 January 1978 to May 1979 and sent them to the WDCs. WMC Washington has produced
Level II-a data tapes (in U.S.A. national formats) for 1 January 1978 to 6 October
1979 and sent them to the Swedish Level II-b Data Centre. Inventories of the Level
II-a data for 1 January 1978 to 8 June 1979 and Level III-a data tapes for 1 January
1978 to 28 July 1979 have also been produced and sent to the WDCs.
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7.4.2
The WMC Moscow is carrying out the Level 11-a data reception and collection.
Level 11-a inventories and Level 111-a data tapes are also being prepared. However,
neither the inventories of the Level 11-a data nor the Level 111-a data tapes have
yet been sent to the WDCs, but the U.S.S.R. representative noted that these would
be sent to the WDCs from the WMC Moscow in two months.
7.5

Status of the Level 111-b Data Production

.7.5.1
The Panel was pleased to note that the ECMWF Level II1-b data producer
has already begun the production of the Level II1-b data for the FGGE Operational
Year and the Level 111-b data assimilation system at the GFDL is ready. It should
be noted that neither Centre plans to produce Level 1II-b data sets for the Buildup Year.
7.6

Level 11-c Data Production

7.6.1
The Panel .was provided information about the status of the plans for collecting the various types of data included under the Level II-c plan. The following
were noted with appreciation:
(i)

The WMO World Ozone Data Centre in Canada has volunteered to assemble the
total ozone and ozonesonde data for both the FGGE Build-up and Operational
Years on a single magnetic tape, and to provide copi~s of the tape to the
WOCs by the end of 1980.

(ii)

Taking into account the proposal oftheWMO World Ozone Data Centre in
Canada, the U.S.S.R. delegate informed the meeting that the U.S.S.R. Level
11-c Surface-Based Radiation and Ozone Data Centre will take on the responsibility for collection of only surface-based radiation data and suggested changing the name of the Centre accordingly, Le. LevelII-c
Surface-Based Radiation Data Centre. This was approved by the Panel.

(iii)

The U.S.A. Special Responsible National Oceanographic Data Centre for the
FGGE Operational Year (RNODC-FOY) will contribute oceanographic data for
the Level II-c data set. The Panel noted that the RNODC-FOY had received
sufficient instruction as to the data input requirements, but that the
exact format for the output II-c data set had not yet been provided. The
Panel felt that it was premature to specify the exact nature of the format
of the 11-c data set at this time, but encouraged the RNODC-FOY to try to
identify these output requirements as work on the ocean data inventory,
and ocean data base continues.

(iv)

The U.S.A. Experimental Satellite Data Producer will provide the following
types of data (see Appendix I for more details) for the Level 11-c data
set: total ozone content and ozone profiles, sea ice concentration, ocean
rain rate, and earth radiation budget parameters.
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The Panel requested its working group to develop a plan for insuring that
Level II-c ozone data, surface radiation data, oceanographic data and experimental
satellite data are delivered to the WDCs by the end of 1981.
7.6.3
Since no offers have been received at this late date for the prov~s~on of
water run-off data, satellite extent of snow data and satellite cloudiness data, the
Panel reguested the Secretary-General of the WMO to continue the efforts to find
countries or agencies to provide for the collection of extent of snow and cloudiness
data from satellites, and water run-off data.
7.6.4
The Panel recalled that at its sixth session it emphasized that special
attention should be given to the collection of surface-based data, precipitation and
snow coverage and depth, and that CSS should be consulted by the WMO Secretariat on
this matter. The Commission noted that some data on precipitation amount were currently being exchanged over the GTS when available and circuit capacity permitted,
and felt that action must await the adoption of a detailed plan for the collection
of Level II-c data by the Panel. At the same time, it was mentioned that the Panel's
Working Group on the FGGE Data Management at its second session (Moscow, 20-24
November 1978) noted that with respect to surface-based precipitation data collection,
it would be extremely difficult to collect all data required by the JOC and this
particularly related to those data which are not collected operationally.
7.6.5
The WMO Secretariat considered the recommendations of the JOC at its
XIVth session that precipitation data should be collected daily from a surface-based
network at a resolution of 250 km, with an accuracy of fifty percent. In order to
obtain the views of a representative group of Members concerning the collection of
precipitation amount and snow depth data, the Secretariat sent an inquiry to a
representative group of 20 Members in all WMO Regions, requesting information about
the availability of the two types of data and whether the Members would be willing
to provide such data for the FGGE Operational Year (1 December 1978 - 30 November 1979)
for the Level II-c data set. Replies from 13 Permanent Representatives indicated
that 10 Members have one or both types of data and were willing to make these data
available. Two Members in Region I and Region III indicated such data were not
available and one Member in Region II replies that precipitation data from his country
were already available on the GTS.
7.6.6
The Panel took into account the network criteria recommended by JOC-XIV,
that is, a resolution of 250 km with an accuracy of fifty percent, involving an
average spacing of about 60 km between observations. The JOC representative noted
that the JOC was well aware of the difficulties in collecting precipitation and snow
depth data at the indicated resolution, but stressed the importance of these data
for climate purposes and the verification of numerical model data. The representatives of WAMEX and MONEX also stressed the importance of precipitation data and
indicated their plans to collect high-resolution precipitation data for their
experiments.
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The representative of the U.S.A. repeated the offer to establish a special
Level 11-c Surface-Based Precipitation and Snow Data Centre, and noted that participating countries were not being asked to alter their current systems for measuring
the two parameters, but simply to find suitable means for assembling the data collected
for the FGGE Operational Year (1 December 1978 - 30 November 1979) and providing the
data to the special centre. The Panel accepted the U.S.A. offer to establish a special
Level 11-c Surface-Based Precipitation and Snow Data Centre. The Panel recommended
that its Working Group on Data Management prepare a plan for the collection and formatting of precipitation and snow data from Member countries of the WMO.
7.6.8
The Panel further recommended that the results of the WGDM be forwarded
to the WMO Secretariat for co~ordination with the CBS and requested the SecretaryGeneral urge Members by letter to make every effort when and where possible to send
their data, in a timely manner, to ensure completion of the surface-based precipitation and snow data set before the end of 1981,
7.7

Report of the FGGE Archive Activity

7.7.1
The Panel was informed that the WDCs have already begun archiving of the
Level 11-a inventories and Level 111-a data tapes and that WDCs have already
distributed the first issues of the FGGE Data Catalogues and supplements to them.
7.7.2
WOC-A received Level 11-b data tapes for the period 27 November26 December 1978. No Level 11-b data tapes have been sent yet from the SBDC to the
WOC-B.
7.8

Assessment of the FGGE Data Management Scheme

7.8.1
The Panel concurred with the Working Group on Data Management that the
experience and knowledge gained by the various FGGE data centres during the Global
Weather Experiment could be used to improve operational procedures (e.g. in the WWW)
and to assist in the planning of any future experiments or programmes.
7.8.2
The Panel recommended that each FGGE data centre prepare a report on its
experiences and knowledge gained and deliver these reports to the WMO Secretariat
for incorporation into a combined report of experiences. Reports should be delivered
shortly after termination of activities of each centre. The reports should have a
common structure and the Panel requested the WMO Secretariat, in consultation with
the Chairman of the WGDr1, to develop such a structure and distribute this information
to WGDM members and the Centres concerned.
7.8.3
The Panel noted the Chairman's prior approval of the two general principles
with regard to the provision of special data sets directly to users from the various
data centres; namely that data should be equally available to all users upon request,
and that such special efforts should not interfere with the scheduled completion ofFGGE data processing tasks. It should be understood that any request which is
satisfied will be accompanied by a cost not exceeding the price for preparation,
materials and postage. However, centres are not obliged to meet such requests.
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7.8.4
The Panel was informed that requests have been received by some of the
FGGE Data Management Centres for sub-sets of the FGGE data. In particular, the
Swedish Level II-b Data Centre received several requests for special data sets
including those from the Winter MONEX (Malaysia) and WAMEX (Nigeria) Data Management Centres. The Mobile Ship Data Centre (MSDC) has completed provision of data
tapes to the Winter MONEX Commercial Ship Data Centre (Hong Kong) and has received
a request from the U.S.A. FGGE special effort group for MSDC data. Three requests
have already been received by the Drifting Buoy Data Centre and eight months of
drifting buoys Level II-b data have been sent to the users. In some cases, the
requests have been for data organized differently from the complete Level II-b data
set to be archived in the WDCs.
The Panel recommended that the Centres concerned inform the WDCs about any
7.8.5
special data sets produced so the information could be given wide distribution. The
Centres may provide copies of such data sets to the WDCs for archiving and possible
further distribution.
7.8.6
The Swedish Level II-b Data Centre declared its willingness to provide
special data sub-sets free-of-charge td the Regional Experiments Data Manogement
Centres. The Swedish Centre and the Swedish Meteorological and Hydrological Insti~
tute also expressed their willingness to prepare other special data sets, under the
terms specified in section 7.8.3.
7.8.7
The Panel recognized the progress achieved by the 37 data management centres
in various countries and expressed its satisfaction with their efforts in this complex data management task.
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8.

REGIONAL EXPERIMENTS, OPERATIONS AND DATA MANAGEMENT

8.1

The Monsoon Experiment (MONEX) - Winter

8.1.1
The Panel noted with satisfaction the success of the Winter MONEX field
phase which was carried out as planned despite the problem oJ inadequate staffing at
the International MONEX Management Centre experienced throughout the planning and
implementation period. A summary of the activities of the IMMC(Winter) can be found
in Appendix J.
8.1.2
The Panel reviewed the overall assessment of Winter MONEX and noted that the
final Winter MONEX Level II-b data set should fulfil the requirements of the planetaryscale objectives. The synoptic-scale (regional) objectives should also be satisfied,
although certain phenomena to be studied occurred in a weaker and less frequent form
than normal. Moreover, the final data set will fulfil the third major objective by
providing the necessary data for numerical simulation and prediction. It was noted
that problems occurred in implementing some of the special MONEX observing platforms
and that the significance of this would have to be assessed at a later time.
8.1.3
The Panel noted with pleasure the successful and timely completion of the
quick-look data set which was turned over to the respective WDCs on 3 September 1979.
The Winter MONEX data will be listed as part of the WDC-A FGGE Data Catalogue.
8.1.4
The Panel was informed that problems with staffing and inadequate secondments to the Winter MONEX Level II-b Data Centre (WMDC) together with the time restraints for delivery of the final data set necessitated changes in the plans for
completing the Level II-b data processing. The following scheme was presented to the
Panel as suggested by the 6th Planning Meeting for MONEX held in Singapore from 5 to
9 November 1979:

(i) Close co-operation be maintained between the Winter and Summer MONEX Data
Centres to eliminate duplication in programming and data process sing where
possible;
(ii) Assistance be requested
Space-based and Special
to train WMDC personnel
FGGE format for merging

of FGGE Data Centres, particularly the Level II-b
Observing Systems Data Centre (SBSOSDC) in Sweden,
and also to process Winter MONEX Level II-b data in
and quality control.

The Panel endorsed this revised· Winter MONEX data processing strategy. The Panel noted
with approval the interaction between the respective Data Centres and encouraged exchange of visits and the transfer of knowledge and experience between the Centres.
8.1.5
The Panel was informed about the common Winter and Summer MONEX data formats
covering data for which no FGGE format presently exists. The Panel requested the
MONEX data managers to co-ordinate their efforts in this regard with the FGGE Working
Group on Data Management and CBS.
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The Panel was informed of the request of the Winter MONEX Level II-b Data
Centre that the International MONEX Management Centre be notified if the FGGE Data
Set covering the Winter MONEX period is to be delayed beyond the second quarter of
. 1980.
8.1.7
The Panel noted with appreciation the offer of the SBSOSDC to provide at no
cost the available FGGE data to the WMDC for the period 1 December 1978 to 5 March 1979
0
0
0
0
over the area 40 E to 180 , 50 5 to 60 N.
8.1.8
The Panel recommended that consideration be given to continuing certain
observations implemented for the Winter Monsoon Experiment and FGGE within the Winter
MONEX region during November to March each year. These include twice-daily upper-air
observations throughout the region at all regularly reporting stations, observations
from additional islands or research ships in the South China Sea and Western Pacific
and reconnaissance aircraft flights into disturbances over the South China Sea. The
Panel encouraged WMO Members to supply these observations on a continuing hasis. (See
also section 6).
8.2

The Monsoon Experiment (MONEX) - Summer

8.2.1
The Panel noted with pleasure that the field phase of Summer MONEX was a
success, resulting in a data set which is unique in its coverage of the Arabian Sea
during the onset of the monsoon and its extensive sampling of the atmosphere over the
Bay of Bengal. It further noted, in this context, that this data set provides the
scientific community ample opportunity to satisfy the scientific objectives. The
Report of the Summer International MONEX Management Centre can be found in Appendix K.
8.2.2
The Panel recommended that consideration be given to continuing certain
observing systems used for the first time during the Summer MONEX field phase. These
are given in Table 8.1. The Panel encouraged Members of WMO to endeavour to supply
the systems on a continuing basis. (See also section 6).
8.2.3
The Panel noted with satisfaction that the production of the quick-look
data set is on schedule.
8.2.4
The Panel noted that Level II-b data management for Summer MONEX is still
in its early stages and was informed of several problems common to both Summer and
Winter MONEX (see section 8.1). The Panel endorsed the efforts of Summer and Winter
MONEX to find mutual solutions to these problems.
8.2.5
The Panel noted with appreciation that the SBSOSDC could provide, at no cost,
S to 0
45 Ni 0
25 E 0
to 155)
E and
a subset of the FGGE data over the Summer MONEX area (250
time period (OOZ 1 May 1979 to OOZ 1 September 1979) to the Summer MONEX Data Centre.
8.2.6
The Panel requested that suppliers of FGGE Level II-b data to Summer MONEX
keep the Summer MONEX Data Centre informed of progress on supply of data.
8.2.7
The Panel was pleased with the fact that Summer MONEX intends to publish a
GARP Report which will present over forty contributions of preliminary research results using data available to scientists during the field phase.
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TABLE 8.1:

RECOMMENDATIONS FOR CONTINUED OBSERVING SYSTEMS IN
THE SUMMER MONEX AREA

System

Position

air
· upper
(winds & thermodynamics)

Period of Operation

Central
· Arabian

· May

·
·
·

round
· year
year rOl1nd

and Southern
Sea (ship)
Gan Island
Male Island
North and Central
Bay of Bengal (ship)

to late June

·
· May/June; Aug/Sept.
· year round

· geostationary satellite

· viewing Arabian Sea

· constant

• Arabian Sea

· May/June

· Bay of

· Aug/Sept
tropical

low-level balloons

· reconnaissance aircraft

8.3

Bengal

also for
storm warning
year round

The West African Monsoon Experiment (WAMEX)

8.3.1
The Panel was informed of the actions of Congress, the Executive Committee
and the JOC relating to the West African Monsoon Experiment since the last session of
the Panel. Concerning the action of Congress and the Executive Committee, the Panel
also urged countries participating in WAMEX to spare no efforts (i) in completing the
research and evaluation phase of the Experiment, and (ii) in supporting meetings to
assess the preliminary results of WAMEX.
8.3.2
The Panel concurred with the concern of the JOC over the likelihood of data
gaps in the northeastern sector of the WAMEX region. In view of the importance of
data from this area for strengthening the interface between the WAMEX and MONEX regions, the Panel requested the Secretary-General to bring these deficiencies to the
attention of Members concerned and to provide assistance, as possible, to collect all
possible data available in the area. The Panel noted with satisfaction the JOC's
agreement that a scientific conference on WAMEX results should be held at the earliest possible date.
8.3.3
The Panel considered the report of the Chairman of the WAMEX Scientific and
Management Regional Committee (WSMRC). The Report (Appendix L) informed the Panel
of the activities of the Committee since the last session of the Panel, of the state
of execution of the Implementation/Operations Plan for the Experiment and of the
future activities.
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Concerning the state of the execution of the Implementation/Operations
Plan, the Panel noted with appreciation the decision of the Nigerian Meteorological
Department to complete the work of the Analysis and Operations Centre (Lagos). It
further noted the need for WMO's assistance in microfilming the charts which will
form part of the WAMEX preliminary data set.
8.3.5
The Panel noted with concern that some WAMEX countries had not mailed
their synoptic and upper-air data to Data Centre A (Dakar). In this respect, the
Panel urged all countries concerned to do so as soon as possible, and recommended
that, if necessary, the WMO Secretariat assist Data Centre A to collect all the
available data. The Panel also recommended that, if necessary and as possible, the
Secretariat assist Data Centre A in producing the Level II-b WAMEX data set.
8.3.6
The Panel noted with satisfaction that Data Centre B (Oran) had recently
taken the necessary steps to commence activities relating to the preparation of
the WAMEX Level II-b data set, and that participating countries had been asked to
hold their data at their national centres while waiting for Centre B to become
active. The Panel urged all participating countries to collaborate, in due course,
with Centre B.
8.3.7
The Panel noted that Centre B needs assistance in determining the format
to be utilized in the mailing of data to Centre B. In this connexion, the Panel
recommended that Data Centre B utilize, as far as possible, the existing formats
developed by Winter and Summer MONEX for the same type of data. The Centre will
also need assistance in the acquisition of tapes for the preparation of the data
set in triplicate. The Panel recommended that WMO assist in the acquisition of
the tapes.
8.3.8
Concerning Data
both the FGGE Space-Based
agreed, at the request of
area, and to provide them

Centre C (Lagos) the Panel noted with appreciation that
and Special Observing System Data Centre and ESA have
the WSMRC, to prepare special data subsets for the WAMEX
to the WSMRC free of charge.

8.3.9
Regarding WAMEX research, the Panel was informed that prior to the first
session of the WSMRC, Nigeria organized a symposium on the meteorology of the WAMEX
area. The results of the symposium will soon be published in Nigeria. In addition,
the Panel learned that work is still proceeding in France on the adaptation of a
numerical model to the WAMEX area, with the participation of WAMEX area meteorologists
on fellowships. The Panel welcomed this information and appealed to scientists in
all countries, particularly those in the WAMEX area, to spare no efforts in using
WAMEX data in research (see also Section 9.2).
8.3.10
The Panel endorsed the future activities for the implementation of the
Implementation/Operations Plan for WAMEX. These include the following:

(i)

third session of the WSMRC, Spring 1980 (tentative, place to be determined)
to examine the report of the Director of the Analysis and Operations Centre
on the field phase of WAMEX, the status reports of the Data Centre, the
reports of the working groups (Data Management and Scientific Aspects and
Research);
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(ii)
(iii)

8.4

preparation of data sets at all three Data Centres;
research activities (research inventories, visiting scientists programme,
scientific conferences).
The Polar Experiment (POLEX)

8.4.1
It was recalled that the latest status report on POLEX and the Polar Subprogramme, as well as national commitments, as of January 1979, appeared in the
Implementation/Operations Plan, Volume No. 6D. The Panel agreed that efforts of
Members toward implementing POLEX had resulted in a significant contribution to the
Global Weather Experiment as well as to the POLEX itself. The Panel agreed, further,
that there was a need to consider the extent to which these efforts should be maintained as an integral element of the future World Weather Watch and World Climate
Programme. It was requested, therefore, that Panel members submit to JPS a report
of the status of their national POLEX and Polar Sub-programme activities as of
November 1979 (Section 3.1 of Volume No. 60), and their intentions to continue studies
~elating to the Second GARP Objective (Sections 3.2 and 3.3 of Volume 6D), now the
World Climate Research Programme.
8.4.2
The United States informed the Panel that 21 ice buoys were successfully
deployed in the Arctic Basin for the FGGE year. In Antarctica, the U.S.A. placed 14
buoys in the Western Weddell Sea, operated an automatic weather station at Byrd
(800 56'5, 84°15'W) and a manned operation at Siple (740 56'5, 84°15'W). The data
from these sites will be in the FGGE data archive for use in POLEX research.
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9.

RESEARCH PROGRAMMES

The Panel reviewed the plans and intentions for research utilizing the
Data Sets from FGGE and its Regional Experiments. The Panel based its evaluation
of these plans and intentions on the Eighth World Meteorological Congress strongly
urging that "no efforts be spared in completing the research and evaluation phase
of the Global Weather Experiment and the regional experiments (MONEX, WAMEX, POLEX)
at the national and international levels in fulfilment of the First Objective of
GARP" (Abridged Report of Cg-VIII, paragraph 3.3.2.2).
9.1

FGGE Research Activity

9.1.1
The Panel noted with pleasure the activities undertaken by the JPS,
assisted by the WGNE and the JOC Liaison Officer to the GAO, in the preparation of
a summary of the research plans ("Inventory of Research Projects Related to the
Global Weather Experiment and the Regional Experiments"). This summary was published
as a 'White cover' report in two parts. Part I (published in May 1979) contained
background information, a critical review of research plans (including identification
of the remaining gaps in the overall research programme), short summary statistics
of projects and the Inventory itself which included project titles, country and
institution, as well as some reference numbers and classification codes indicating
the level of complexity of a given project. Part II (published in September 1979)
contained original information on research projects in more detail as provided by
countries/institutions as well as some material updating Part I. A JPS summary
statistics of FGGE research projects (as of November 1979) organized according to
their scientific areas and levels of complexity, is given in Appendix M.
9.1.2
The Panel expressed its satisfaction that the most important problem areas
have been considered in the research programme, although there are a few areas where
one would have liked to see more effort. The Panel commended those who participated
in the preparation of the Inventory and joined the JOC in its view that the report
should be widely distributed to ensure its availability to all scientists in the
field of research covered.
9.1.3
Taking into account the Cg-VIII request that periodic updating of the
Inventory be considered by Members and the Secretariat as an aid in making information
available to all Members, and the opinion of EC-XXXI that this updating would be
valuable for the ultimate assessment of FGGE, the Panel urged Members to promptly
respond when so requested by the JPS.
9.1.4
A view was expressed that when updating the publication a clearer subdivision of the projects into scientific areas should be attempted permitting, in
particular, the clarification of separate projects in the areas of short-range,
medium-range and extended forecasts.
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9.1.5
The Panel was informed by the Representative of JOC about the plans for
conducting Observing Systems Experiments with FGGE data. The highest priority will
be given to impact studies on forecasts beyond one day and from synoptic to global
scales. The main effort will be concentrated on the Special Observing Systems
operated during FGGE, since this will be the only opportunity to test the impact of
these systems. The first studies will be concentrated on an overall evaluation of
each of the different observing systems. Assuming no further delay in the final
production of Level II-b data the first results of the Observing Systems Experiments
would be available in 1980 and 1981.
9.1.6
The Panel endorsed these plans and stressed that all efforts should be
made to pursue these experiments as vigorously as possible in view of the impact
these results will have on the design of the future WWW Global Observing System.

9.1.7
In accordance with the Sixth Panel's request, the JOC, after consultation
with the WGNE, developed additional information on benefits that might be expected
from successful research from-FGGE and its Regional Experiments for the developing
countries. The anticipated benefits were envisaged in the areas of numerical prediction, the specification of an improved observing network, many phenomenological
studies and weather interpretation (see JOC-XV Report, paragraph 3.5.2). Later,
the above points were made in a letter to all Members of WMO by the SecretaryGeneral and some 15 replies were received.
9.1.8
The Panel re-emphasized that the role of research related to FGGE and its
Regional Experiments, in the light of the anticipated benefits, should be well
understood and result in providing adequate long-term resources to conduct such
research, including arrangements for a Visiting Scientists Programme.

9.1.9
Following a recommendation of the Sixth Session of the FGGE Panel, a
proposal for a "Visiting Scientists Programme related to FGGE and its Regional
Experiments" was discussed by JOC-XV. A first survey was made asking for specific
information on countries' participation in such a programme with particular emphasis
on assisting developing MONEX and WAMEX countries.
9.1.10
A second and more general survey covering all countries participating in
both FGGE and its Regional Experiments, as requested by the JOC-XV, was initiated by
the JPS. Countries were requested to indicate on what scale and in which preferred
subject areas they would be willing to host, send or exchange scientists.
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9.1.11
For the time being 15 institutions have expressed their willingness to
accommodate and support scientists from developing countries in WAMEX and MONEX
area. Four meteorological services and 17 leading institutions in three other
countries agreed to participate in the Programme in response to the second survey.
A JPS proposal for the Visiting Scientists Programme as well as information on
proposals to participate in the Programme provided by Members is contained in
Appendix N (see also paragraphs 9.2.4 and 9.2.5 for the aspects of the Programme in
relation to the Regional Experiments).
9.1.12
In concurrence with a JOC suggestion the Panel recommended that the JPS
complete the survey and inform countries of the results.
9.1.13
The Panel urged those Members whose countries have not yet responded to
the survey to do so as soon as possible.
9.1.14
The Panel noted with appreciation that special actions have already been
taken in order to facilitate the participation of developing countries in the
Visiting Scientists Programme. The Panel recommended that all possibilities should
be explored to maximize involvement of developing countries in this Programme.

9.1.15
While discussing the Catalogue of Numerical Atmospheric Models for the
FGGE, Part I, the Panel was informed that since JOG-XV it has been considered best
to publish the Catalogue first as a 'White cover' report. This edition is practically
ready for publication. It will contain a description of several "Analysis and
Forecast Systems" from 10 countries and one international institution (ECMWF).
Later, it is planned to publish a more balanced version of the Catalogue, Part I, as
well as, Part II, "The General Circulation Models", in the GARP Publications Series.

~~~!~~~~~E~~_~i_~~~~_~=~=~!~i~=_~=~~!!~
9.1.16
As regards the Bibliography of FGGE Scientific Results the question was
further studied, according to a suggestion of the Sixth Session of the Panel.
JOG-XV re-affirmed its earlier decision that JPS should not compile such a bibliography, but suggested that, if the Panel still holds the opinion that it should be
compiled, this could be accomplished through the on-going literature compilations
being carried out annually by WMO.
9.1.17
In the latter case a circular letter from the Secretary-General would be
written to the Permanent Representatives on an annual basis with the request to
provide short information on current FGGE research together with a list of scientific
papers on FGGE published in their country during that year. Annual Progress Reports
on Numerical Weather Prediction or reviews of Research Work in Tropical Meteorology
might serve as examples of such WMO publications.
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9.1.18
The JOC representative stressed that the
only if the selected scientific papers are closely
Moreover, those papers should be based on the data
the FGGE Operational Year. As to the organization
they should follow the main subject areas as given
Projects.

Bibliography would be of use
related to the FGGE objectives.
from the FGGE Build-up Year or
of the papers in the Bibliography
in the Inventory of Research

9.1.19
While recognizing the possibility described in paragraph 9.1.17 above,
some members of the Panel expressed the view that another alternative would be to
keep the Bibliography on the national level and periodically inform the JPS on their
compilations. A variation of this alternative would be to ask Members to provide a
FGGE Bibliography based on their 'national' papers while updating the Inventory of
Research Projects. Finally, reserving a special 'FGGE' sub-heading in some editions
such as "Geophysical Abstracts" or "Meteorological and Geoastrophysical Abstracts"
might also serve the purpose.
9.1.20
In view of some divergence of the expressed op~n~ons, the Panel requested
the JPS to further investigate the possibilities of compiling the Bibliography on
FGGE research and report on the results to the next meeting of the Panel.

~==!~~~~~=t_~5~=~~!=_~i_~~1~=_~~=~!~_~~_!~=_~=~=~E5~_f~~~=_~i_~~~~
9.1.21
The general view was expressed that in the light of the Congress VIII
recommendation that " .... a thorough assessment of the extent to which the original
objectives of GARP have been achieved should be undertaken jointly by WMO and ICSU
at an appropriate time, preferably as early as five years after the completion of
the field phase of FGGE" (Abridged Report of Cg-VIII, paragraph 3.3.2.5), it should
already be considered as to how the planning and co-ordination of research related
to the FGGE Objectives should proceed. This question is discussed in a more
general framework in Section 11.
9.2

Research Activities of the Regional Experiments
MONEX

9.2.1
The Panel noted with satisfaction that research related to the scientific
objectives of MONEX began during the field phase, utilizing data available in realtime or in the Quick-look data sets. The Panel was informed that a number of high
quality research results had already been discussed at the Sixth Planning Meeting
for Ma'lEX, leading to the conclusion that the data volume and quality would allow
research to meet satisfactorily most of the scientific objectives. The Panel noted
with interest that the "Inventory of Research Projects" contained a large number of
projects which were related to the Regional Experiments. The Panel endorsed a
recommendation of the Sixth Planning Meeting for Ma'lEX that the Joint Planning Staff
continue to monitor the research activities, periodically up-date the research plans
of participants and distribute respective information to all participating countries.
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9.2.2
The Panel considered the particular situation of WAMEX and recognized the
need for further stimulation of research work on the WAMEX scientific objectives
using the WAMEX data set. The Panel recommended, in particular, that WAMEX countries
reconsider their possibilities to enter into active research, and urged the meteorological services as well as universities and other research institutions to take
advantage of the availability of a unique data set and of the planned opportunities
(such as the Visiting Scientists Programme, see section 9.2.4) for intensified
research on the West African monsoon.

9.2.3
The Panel recognized that the close co-operation between oceanographers
and meteorologists recommended in relation to FGGE (see section 4.9) would be
particularly fruitful for the Regional Experiments. The Panel, therefore, recommended
that the exchange of data and scientific results be fostered especially between the
Indian Ocean Experiment (INDEX)* and MONEX as well as between the FGGE Atlantic
Tropical Experiment (FATE)* and WAMEX.

9.2.4
The Visiting Scientists Programme for the Regional Experiments will be
carried out in a framework similar to the programme considered for the Global
Weather Experiment. The Panel was informed that, in response to the needs of the
nations participating in MONEX and WAMEX, the exchange of scientists will be largely
between developed and developing nations. Two types of exchanges will be undertaken.
Meteorologists and oceanographers from the regional experiment regions will have
opportunities to work in the stimulating environment of the developed nations'
advanced institutions with their large computers. Conversely, scientists from the
developed nations will be encouraged to visit the MONEX and WAMEX nations for periods
of a month or more. The purpose of the latter type of exchange is to provide advice
on carrying out monsoon research projects. The Panel endorsed this concept for the
Regional Experiments Visiting Scientists Programme. The Panel noted with appreciation
that preliminary exchanges between Winter and Summer MONEX nations and the U.S.A.
were already being arranged with the first exchanges to begin in the first quarter
of 1980.
9.2.5
The Panel recognized that Winter and Summer MONEX as well as WAMEX were
carried out in regions which, for the most part, contained developing nations. It,
therefore, recommended that the WMO Secretariat explore all possible sources for
funding visiting scientists, students and research activities. The Panel considered
that such sources might include UN agencies such as WMO, UNDP, UNESCO or UNEP. In
particular, the Panel recommended that a certain number of WMO fellowships be
designated expressly for students and scientists from participating nations to engage
in MONEX and WAMEX research. The Panel also suggested that the Secretariat discuss
with a selection of philantropic foundations, universities and government funding
institutions in Europe and America whether funds could be made available for purposes
of MONEX and WAMEX research. The Panel recommended that, should these discussions
prove fruitful, the WMO Secretariat be the clearing house for making the most
efficient use of these funds.

* See FGGE Implementation/Operations Plan,Volume 7, "Oceanographic Programme for
±he~FGGE".
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9.2.6
The Panel noted with interest that the first scientific evaluation of both
Winter and Summer MONEX has resulted in identification of certain periods of
particular scientific importance within the observational phases. Such periods were
selected not only with a view towards the best possible data coverage but also
towards the occ~rrence of particularly interesting phenomena such as cold surges
over the South China Sea, the onset of the SW Monsoon over India or the Bay of Bengal
depression. A complete list of the~e periods (including criteria for their
selection) which were recommended by the Sixth Planning Meeting for MONEX for
priority evaluation is given in Table 9.1; a similar evaluation of the conditions
in WAMEX is presently underway. The Panel endorsed the concept of priority
evaluation and recommended that the JOC take these proposals from the Regional
Experiments into account should a similar selection of priority periods be made
for the Global Experiment.
Table 9.1 - Periods in Winter and Summer MONEX recommended for priority evaluation

A.

Periods During SOPs
(i)

(ii)

Winter MONEX
Period
Criterion

26 January - 4 February 1979
Strongest surge during Winter MONEX

Period
Criterion

la January - 20 January 1979
Surge and inter-hemispheric interaction

Summer MONEX
Period
Criterion

B.

8- 20 June 1979
Onset of Monsoon

Periods Outside SOPs
(i)

Winter MONEX
Period
Criterion

(ii)

la - 20 December 1978
Surge, South China Sea Disturbance,
Cross-equatorial flow
Active Southern Hemisphere Trough

Summer MONEX
Period
Criterion

2 - la July 1979
Bay of Bengal Depression

Period
Criterion

11 - 23 July 1979
Break Monsoon

Period
Criterion

1 - la August 1979
Bay of Bengal Cyclone
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9.3

Scientific Meetings

9.3.1
As a follow-up to a suggestion made by the Sixth Session of the Panel, the
JOC and the WGNE re-considered plans for the various meetings to avoid unnecessary
duplication. The following scientific meetings on the results of FGGE will be held
in the near future:
A Symposium on "A Preliminary Assessment of the Impact of FGGE Data
on Forecasting in the Southern Hemisphere with Particular Emphasis on
the Australian/New Zealand Region" - Melbourne, 17-19 December 1979
A COSPAR XXII Symposium "Systems Performance and Early Results of
FGGE" - Budapest, 3-6 June 1980
An International Conference on Preliminary FGGE Data Analysis and
Results - Bergen, 23-27 June 1980.
The Panel was informed that in addition to meetings mentioned above, the
9.3.2
following meetings related to FGGE and its Regional Experiments are presently being
planned:
An International Conference on Early Results of FGGE and Large-scale
Aspects of its Regional Experiments - Tallahassee, Florida, first
quarter of 1981
A Conference on Scientific Results of the Monsoon Experiment Indonesia or Malaysia (tentative), fourth quarter of 1981
A Conference on Scientific Results of WAMEX - tentatively scheduled
to be held in the WAMEX region, first quarter of 1982.
The Panel requested that JOC comment on these preliminary plans and make a final
plan for the scope and the timing of future conferences to avoid duplication.
9.3.3
The Panel noted the importance of the above scientific meetings and
recommended that special action~ should be taken in order to facilitate the
participation of developing countries in these meetings.
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10.

FILM ON FGGE

10.1

Current Status

10.1.1
The Panel was informed of the actions taken regarding the production of
the film on FGGE. It noted with satisfaction that ten Members and the European
Space Agency have already provided, or will shortly provide, film material in the
form of either documentary films or film footage and that the preparatory work of
the animation sequences was nearing completion under the guidance of a scientific
advisor. A first "rough-cut" version of the film is expected to be ready by the
end of 1979 and the original version of the final film in English should be
available in the first half of 1980.
10.1. 2
The Panel suggested that similarly to what was done for the GATE international film a copy of the WMO film on the Global Weather Experiment be made
available free of charge to those Members that provided footage.
10.1.3
The Panel was also informed that arrangements were being made to hold a
press conference in early December in Geneva to report about the success of the
operational phase and the plans for the research phase. It considered that the
information provided during the session constitutes valuable background material
for this conference. The Panel invited members to arrange for similar press
conferences at the national level.
11.

SUMMARY OF PROPOSED ACTIONS AND FUTURE ACTIVITIES

11.1

Overall schedule for the Research and Evaluation Phase

11.1.1
The Panel concurred with the "Overall Schedule for the Research and
Evaluation Phase of the FGGE and its Regional Experiments" as presented in Table 11.1.
11.2

Proposal for a New Resolution on GARP by the UN General Assembly

11.2.1
The Panel noted that in the years over the period 1961 to 1963 the General
Assembly of the United Nations adopted three resolutions: Resolution 1721 (XVI),
Resolution 1802 (XVIII) and Resolution 1963 (XVIII) which finally led to the
adoption of the GARP. The Panel felt that while an important phase of the GARP had
now been completed the Programme was still far from finished. Therefore, it seemed
desirable to inform the United Nations of the progress that had been achieved thus
far in this important international collaboration, and to urge governments to
continue their support of the subsequent phases of GARP. It suggested that the
Executive Committee consider this possibility. A new resolution of the UN General
Assembly may be an appropriate action.

- 37 TABLE 11.1

Overall Schedule for the Research and Evaluation Phase of FGGE and its Regional Experiments
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12.

ELECTION OF CHAIRMAN

According to the Panel's terms of reference, the procedure of election
of the Chairman should take place at the close of each session. Mr. B. Gosset was
unanimously re-elected.
13.

DATE AND PLACE OF NEXT SESSION

The Panel agreed to schedule the next regular session of the Panel for
27 to 31 October 1980.
14.

CLOSING REMARKS

Now that the operational phase of the Global Weather Experiment is at an
end the Panel wishes to extend its appreciation of the outstanding contribution of
Professor B.R. DODS and other members of the GAO and JPS, past and present, to its
success. The Panel also appreciates the excellent work of- those contributing to
the success of the Regional Experiments, in particular, the International MONEX
Management Centres and the WAMEX Scientific and Management Regional Committee.

APPENDIX A
STATEM~NT

BY THE REPRESENTATIVE OF ICSU,
PROF. H. CHARNOCK, SECRETARY SCOR

Mr. Chairman, Dr. Davies, gentlemen:
The President of ICSU has asked me to convey his regrets at not being able
to be present himself. He had originally intended to be at this session and to bring
with him the new agreement between ICSU and WHO for the World Climate Research Programme and to sign this with the President of the World Meteorological Organization.
The ICSU Executive Board at its meeting on 22-24 October discussed not only the new
agreement but also the Global Atmospheric Research Programme. At that time, the
Operational Year of the First GARP Global Experiment was sufficiently well advanced
for it to be evident that the Experiment has been a great success. ICSU appreciates
the logistics involved in such an experiment, and thanks the Panel and WMO for their
efforts.
Now what remains ~s analysis and interpretation. Although it is s~il1 too
early to state firmly that the Experiment fulfilled all its objectives, the coverage
and the resolution represent a substantial improvement over the situation before FGGE
began, and if one looks further back to the situation before GARP began, we can congratulate the small group that forecast the developments in meteorology and oceanography and the major role satellites would play and persuaded our two organizations
to work still more closely together so as to make the studies of the global atmosphere
the aUccess they have been.
As an oceanographer I feel that I can personally rejoice in the subsequent
developments. Although the co-operation between the oceanographic and meteorological
communities was a little slow in starting, the FGGE illustrates effectively the mutual
benefits that can be obtained when oceanographers and meteorologists co-ordinate certain activities to achieve a common objective. The oceanic coverage in the southern
hemisphere during FGGE was highly significant and I am sure that the drifting buoy
system will prove to be of increasing importance in studies not only of the global
weather but also of the global climate. Looking to the future I can forecast that the
role oceanographers will play in the World Climate Research Programme will be even more
predominant than in GARP, and as Secretary of ICSU's Scientific Committee on Oceanic
Research (SCOR), I am pleased to draw to your attention the work of the SCOR Committee
on Climate Changes and the Oceans (CCCO) which the intergovernmental Oceanographic
Commission has agreed to co-sponsor. We look forward to close co-operation with WHO
in the work of this new Committee.
Mr. Chairman, I know you have a long agenda, so I will terminate my remarks
by wishing the Inter-governmental Panel on FGGE a most successful session and by
thanking WHO for the fine arrangements. In particular, ICSU extends its thanks and
very best wishes to the Secretary-General, who has been so deeply involved in the
planning and the implementation of GARP and whose friendly spirit of co-operation has
been of prime importance in ensuring that our two organizations complemented each
other in making GARP so successful.
He. Charnock
ICSU Representative
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APPENDIX D
OCEANOGRAPHIC PROGRAMMES DURING THE FGGE AND POST FGGE CONSIDERATIONS

(Presented by G. Withee, Assistant Secretary of IOC)
Introduction
1.
During the FGGE a large variety of oceanographic programmes and activities
were carried out by the Member States of WMO and IOC. When viewed as a whole, these
programmes represent a considerable effort by Member States. Although it is premature
to examine the results of these programmes, there exists already enough information to
indicate that the results of these activities will be exciting and they should contribute to the future development of both oceanographic and meteorological science.

2.
The following discussion will provide a brief overview of all the oceanographic programmes during the FGGE, and will specifically address the research programmes and supporting operational oceanographic activities.
3.
The oceanographic research activities included the oceanographic programmes
developed by SCOR WG 47 and the II-c oceanographic activities being pursued by the
Responsible National Oceanographic Data Centre for the FGGE Operational Year (RNODC-FOY).
4.

The operational oceanographic activities included support to:
(i)

(ii)
(iii)

real-time needs of FGGE oceanographers,
data exchange mechanisms in support oflI-b requirements, and
the oceanographic research programmes themselves.
Oceanographic Research Programmes

5.
A large number of oceanographic programmes were specifically designed to
take advantage of the many atmospheric and oceanographic measuring platforms planned
to be operational during the FGGE Operational Year. The programmes, which were
principally in the tropical regions of the world's oceans, were stimulated, developed
and co-ordinated by Working Group 47 of the Scientific Committee on Oceanic Research
(SCOR WG 47). Prof. H. Stommel, U.S.A., acted as Chairman. Because equatorial phenomena differ somewhat from ocean basin to ocean basin, SCOR WG 47 established three
panels for the Atlantic, Indian, and Pacific tropical oceans.
6.
The problems investigated by SCOR WG 47 scientists were various and
included such investigations as:
studies of the relationship between the large-scale anomalies of ocean heat
storage at low latitudes in the West Central Pacific, and the large amplitude variabilities in the ocean current structure in the Eastern Pacific
(the so-called El Nino phenomenon),
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studies of the ocean current systems, and upwelling in the tropical
Atlantic Ocean, and
the invesigation of the transient effects in the Indian Ocean current
system due to the monsoonal winds.
7.
In all, some 60 ships participated in these SCOR oceanographic programmes.
Details of the results of these programmes will be presented in a general meeting of
SCOR WG 47 in late 1980 and in part by representatives of SCOR WG 47 at the XVII
IUGG General Assembly in Canberra, December 1979. Some of the available results are
summarized as follows (a1so given in Document EC/IPF-VII/Doc. 5, ADD. 3, Section 2).
Atlantic Ocean Experiment Status
8.
Synthesis of the Atlantic Experiment was begun at an inter-SOP meeting
in Reel fe. Letters calling for preliminary summary scienti fic results were circulated
during the third quarter ~f 1979. The data coverage promises to be exceptional on
the basis of these replies. Results on hand suggest large amplitude variabilities
may exist in the upper water zonal transports. No unusual phenomena are indicated.
9.
Several Atlantic experiments were hampered by technological failures which
cut short planned long duration time series. Others were destroyed altogether by
apparent piracy of equipment on surface moorings.
Indian Ocean Experiment Status

10.
Many participants in the Indian Ocean FGGE experiment met at a WG 47 meeting
in Woods Hole in mid-October to exchange preliminary results and sharpen their understanding of the picture they had begun to formulate in the field during the experiment.
On the basis of information from those in attendance, i t appears;
(1)

that 1979 was an unusual monsoon year, one with a weak.turning of the
winds in the west in early May, follow.ed by a stronger turning in
June. A strong Somali current developed along the east African coast
until the large cyclonic eddy formed at 5°N, after which the current
turned abruptly off-shore and into the Arabian Sea.

(2)

there exists strong evidence for a large-scale counter-current beneath
the surface expression of the Somali Current. This new discovery complicates the question of direction and amount of vertically integrated
horizontal transport in the Somali Current system and its southern
hemisphere counterpart.

(3)

the coastal current system is fed by an equatorial current which is
highly structured in the vertical from surface to bottom, has a strong
tidal component, and varies markedly in intensity during the onset of
the monsoon. The mechanism by which this current divides at the
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coast to feed the coastal system is not well understood. Fourteen
moorings have been left in the equatorial region from 470 to 62°E
to generate a time series of variability during an annual cycle.
(4)

surface cooling in the Arabian Sea was intense with upper temperatures
falling from 32 0 to 26°C.

Pacific Ocean Experiment Status
11.
The Pacific Panel met in the second quarter of 1979 and have worked since
by correspondenceo
12.
A number of transequatorial sections have been received from various parts
of the Pacific. These, combined with profiling data from the western Pacific, seem to
suggest that there is no stable westward flow beneath the Equatorial Undercurrent as
had been thought.
13.
Profiling work in the eastern Pacific has uncovered a highly structured
vertical distribution of current similar to those found earlier in the Indian Ocean
and western Pacific. This structure has thus been established as a widespread and
persistent equatorial phenomenon.
14.
Drogued drifters just south of the equator suggest a strong zonal current
system winds like the classical picture. North of the equator, however, drifters
suggest much irregularity and meridional migration between zonal currents. Dispersion
patterns between pairs of drifters deployed together show large variabilities. It
is difficult to identi fy general trends in this region with so few dri Her tracks.
15.
It is difficult to speculate about large scale heat onomalies without benefit
of careful analysis, but there does appear to be no tendency toward a dramatic accumulation of heat in the eostern Pacific.
Data Collection and Exchange
16.
During the FGGE many scientists participating in these SCOR programmes
exchanged their physical aata through the IGOSS/SATHY/TESAC Operational Programme,
and received near-real-time IGOSS products through facsimile, telex and mail (see
Joint IOC/WMO Programme Information Circular No. 18, "IGOSS Products in Support of
the First GARP Global Experiment", September 1979).
17.
On a non-real-time basis these scientists are presently inventoring and
exchanging their data through the activities of the Responsible National Oceanographic
Data Centre for the FGGE Operational Year (RNODC-FOY).
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Operational Oceanographic Activities
18.
Over 300 ships provided oceanographic data through Joint IOC/WMO IGOSS
Programme data channels during the FGGE Year. These data were routed on the GTS for
Member States' use such as the preparation of IGOSS products, which included oceanographic products based on drifting buoy data. For II-b purposes the real-time IGOSS
data were quality controlled by the Specialized Oceanographic Data Centre (SDOC) in
the Deutsches Hydrographisches Institut in the Federal Republic of Germany. The
resulting quality controlled tapes were transferred every few weeks to the Specialized Oceanographic Data Centre (SODC) in the Fleet Numerical Weather Central in the
U.S.A. This Centre combined non-real-time oceanographic data received with the
real-time data set from SODC-F.R.G. and sent the resultant data tapes to the II-b
Centre in Sweden.
19.
In all, some 50,000 profiles of temperature and salinity ~aken during the
FGGE Operational Year will be transferred to the II-b Centre by these means. This is
by far a record number of ocean data available from the IGOSS BATHY/TESAC Observational Programme. Thus, within a very brief period there exists a compiled oceanographic data set for FGGE. The more complete data set including the II-c data set,
and including all the data from members of SCOR WG 47, will be available in a delayed
mode as prepared by the RNODC-FOY.
20.
All these activities and programmes I have described show that much oceanographic effort was expended during the FGGE. Furthermore, it is noted that other
supporting activities also proved valuable, including:

(i)

facilitation of requests by IOC and WMO for oceanographic research in
WQters under national jurisdiction

(ii)

provision of training grants by IOC such as given to Dr. S. Shahjahan
of Bangladesh at the MONEX Centre in India, and

(iii)

provision of oceanographic equipment such as the expendable bathythermographs provided by the U.S.A. to Mexico.

The GARP Activities Office of the WMO Secretariat will summarize all of the abovementioned activities in a later document.
Post-FGGE Activities and Climate
21.
Concerning post-FGGE activities there are a number of recent developments
which have recently occurred within the oceanographic community which impact postFGGE research, and programmes including the World Climate Programme.
22.
The substantial oceanographic efforts during the FGGE reviewed herein
as paragraphs 1-20, although considered as part of FGGE, were not fully integrated
into the FGGE plans. This is certainly expected in the case of FGGE, because the
short-range weather prediction problem does not depend too much on the physics of
the oceans, perhaps only requiring certain parameters from the surface of the ocean
as a boundary layer condition.
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23.
However, for the climate problems in the future - here the time scales of
climate can be considered as containing time variations of a few weeks to mapy years it is felt that physical considerations will demand that atmospheric scientists
incorporate sub-surface oceanographic data into their modelso This being the case,
consideration should be given at an early stage to the parallel planning of both
oceanographic and atmospheric activities for climate. This need was recognized at
the first meeting of the Joint SCOR/IOC Committee on Climate Change and the Ocean
(CCCO) in Miami, U.SoA., 8-12 October 1979 (Professor Roger Revelle, Chairman) and
was further emphasized by the eleventh session of the IOC Assembly, 15 October to
3 November 1979.
24.
With respect to both post-FGGE activities and climate, the more pertinent
results of the eleventh Assembly are as follows:
(i)

(ii)

Through resolution IOC/XI-2, the IOC will continue to support post-FGGE
activities through training grants, research, etc. IOC will also support
the oceanographic activities of the GARP regional experiments including
MONEX, WAMEX and the upcoming GARP Sub-programme, ALPEXi
Through resolution IOC/XI-3, IOC has stated its intention to act as the
intergovernmental body responsible for the oceanographic aspects of the World
Climate Programme (WCP) in co-operation, of course, with the WHO. In this
connexion, the IOC Assembly, recognizing the. growing need to pay attention
to the role of the oceans in climate, called upon the joint IOC/WHO IGOSS
programme to be responsible: for seeking out the oceanographic data requirements for climate from the CCCO and otherbodiesi to co-ordinate the ocean
data monitoring aspects of climate; and to pay particular attention to the
applications of these uata to activities of interest to all Member States.

APPENDIX E
Ioe RESOLUTION XI-3

IOC'S ROLE IN THE STUDY OF CLIMATIC CHANGES AND THE OCEAN

The Intergovernmer.tal Oceanographic Commission,
Noting resolution 29 (Cg- VIII) "World Climate Programme" adopted by the Eighth World
Meteorological Congress,
.Noting in particular that WMO, through resolution 29 (Cg- VIII):
oce'ln~

(i)

recognized that the

(U)

that the Secretary-General of \','1;10 hiis bE:en requested to invite the collaboration of
ot.her apj,ropriate bouies of th'" Ur.itt:d l\ati';~2 family, in particular that of Unesco,
and to pr<,l1Joll" effective co-ordination L'.fr,Un;.( them.

play a major role in climate variation, and

Recalling the resolutions of the Executive Council and of the Assembly, in particular IX-G,
X-5 and EC-X. 4 in support of the various aspects .of the Global Atmospheric "Research Programme (GARP) and especially the climate objectives of G~RP,
Also re~alling the activities of the ad hoc Task Team to prepare the necessary oceanographic components of GARP (ref. resolution IX-fi), particularly the climate portion (IOC
Technic!!.l Series No.17),
Rel'0lInizing that the longer term variability of the oceans, or ocean climate, has important
consequences to tile living resources of the sea,
Further recognizing that the variability of the ocean also has a major impact on the climate
and that in particular noting that the variations in the world's tropical oceans may be of
special significance,
Being aware that involvement of the Commission in programmes concerning climate necessarily entails a long-term commitment of resources which must be continued for some decades in order to achieve some measure of progress,
Affirms that studies of climatic changes and the ocean will form a major programme of the
Commission and that this programme involves significant participation from all subsidiary
bodies of the Commission, but in particular from IGOSS, lODE and TEMA;
(1)

Decides to co-sponsor the SCOR/IOC Committee on Climatic Changes and the Ocean (CCC
Requests the CCCO to develop means of collaboration with the Joint Scientific Committee
(JSC) of the Climate Change and Variability Research Programme (CRP) of the World Climate Programme;
Requests also the CC CO to take the lead in recommending and developing the components,
programmes and arrangements necessary for the oceanographic portion of climate programmes, including:
(0

(a) defbition of the oceanographic experiments necessary for atmospheric and ocean
climate research, as well as the identification and development of requirements
for long-term ocean monitoring;
(b) eval.uation of proposals for ocean monitoring programmes resulting from the fi rst
meeting of the .JOC/SCOR Group on the Pilot Ocean Monitoring Study (Miami,
U. S. A., 1-5 October 1979);

)1;
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(2)

(H)

symposia and workshops on oceans and climate, in collaboration with JOC/JSC when
appropriate;

(Hi) identification of advanced technology applications such as from satellites, acoustic
tomography and drifting buoys, which could be used in the oceanographic programme
in support of the World Climate Programme;
(iv)

development of proposals for programmes on marine ecological climate studies,
palaeoclimate of the ocean, sea ice variability studies and studies of the role of the
ocean in the carbon dioxide cycles;

(v)

further work on theory and modelling of ocean dynamics relating to problems of climate research;

(Vi)

identification of those clima-te activities of particular relevance to oceanography in
developing countries;

(3)

Calls upon the Joint Working Committee for IGOSS and the Working Committee on lODE lo
act on the data management recommendations of the CCCO, paying particular attention lLl
defining and implementing monitoring and timely exchange mechanisms for climate oceanographic data and products;

(4)

Instructs the Secretary to investigate ways and means of strengthening the support of the
Commission to the lJermanent Service for Mean Sea Level (PSMSL);

(5)

Fm tll.-er in~!~'.t.J...cts_ the Secretary to co-orninate the implementation of a TEl\1A programme
fur climate as identified by Member States;
Al so instructs the Secretary to transmit tlus resolution and its im plica ti uns to the SecretaryGeneral of W1\-10 and, in particular, to:

(6)

(i)

develop appropriate arrangements between IOC and V\.'MO to ensure the active participation of laC in the World Climate Programme (WCP);

(H)

notify the Secretary-General of WMO of the intention of IOC to act as the intergovernmental body responsible for the oceanographic aspects of the World Climate Programme (WCP); and

(Hi)

suggest that CCCO be accepted by JSC as the body responsible for ocean research
components of the World Climate Programme (WCP);

Urges Member States to play aIi active role in the oceanographic aspects of the World
Ciimate Programme by intensifying their national efforts in all components and byarranging adequate oceanographic participation in their national climate, or similar committees;
Invites the Director-General of Unesco, in consideration of this resolution and the fundamental relationship between the ocean and climate, and the fundamental importance of the
of the ocean climate itself:
-(i)

to give high priority to the programmes of the Commission in the overall support of
Unesco to the World Climate Programme; and

(H)

to seek the additional funds required for this Programme from the Member States,
or to increase to the extent necessary the additional regular programme funds required to carry out the activities of the Commission in support of climate, in particular the Joint SCOR/IOC Committee on Climatic Changes and the Ocean (CCCO);

l-nstructs the Secretary, in consultation with the First \'ice-ChairJ~lan, to explore the possibility of identifying $50,000 of the required suPPOrt to CCCO for redistribution of IOC
regular programme funds;
Further instructs the Secretary to report on this matter to the thir,eenth and fourteenth
sessions of the Executive Council, and to the twelfth session of the Assembly.
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THE GLOBAL WEATHER EXPERIMENT
A PRELIMINARY ASSESSMENT OF THE PERFORMANCE OF OPERATIONS
(by the JOC Liaison Officer in GAO)

1.

INTRODUCTION
Assessment of the performance of operations at this early stage

(about half way through the operational year) is difficult because much
of the data must inevitably be processed in delayed mode and in any case
the data themselves have not been received in Geneva.

The first signifi-

cant opportunity for evaluation will arise when some complete Level II-b data
sets have been assembled and subjected to Level III-b analysis

at the

time of writing-(Jurte 1979), III-b analysis has barely b~gun.

Nevertheless,

the FGGE Operations Centre organized a fairly comprehensive flow of information
about the status and level of implementation of the various components of the
observational system and it is possible, on the basis of that information
alone, to make some preliminary judgements.

2.

COMPONENTS OF THE FGGE OBSERVING SYSTEM
The -FGGE Operations Centre issued a series of Status Reports (GARP

Newsletters 37 onwards) during the operational year giving details of the
implementation of the various components of the overall observing system and
followed this up by a series of "White Cover" Reports giving more comprehensive information.

It is not necessary to repeat the information here,

but it is convenient to make a few remarks about the effectiveness of
each of the components from the point of view of meeting the scientific
objectives.
2.1

Land-based Networks of WWW
The land-based networks of WWW constitute the foundation of the global

observing system and are of paramount importance for the FGGE.

As regards

upper-air data, all of the observations requested for the basic regional
networks would be exchanged globally, if available, but in fact those networks are by no means fully implemented in all WMO Regions.

Thus in the
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latest WWW Status Report (the 10th), the percentage implementation of
upper-air observations is given as follows:

.Table I.

Region I (Africa)

46.4%

Region 11 (Asia)

85.8%

Region ITI (S. America)

49.6%

Region IV (N. America)

92.1%

Region V (S.W. Pacific)

64.5%

Region VI (Europe)

97.2%

Average for all Regions

77.9%

Implementation of Upper-air Observations

The foregoing figures, in which radiosondes and radiowinds for
both 00 and 12 GMT are aggregated, would be altered only minimally as a
result of network changes since Status Report No. 10.
As can be seen from Table I, although implementation exceeds 90%
in two Regions, in two others (Africa and South America) it is below 50%.
Unfortunately, it is precisely in these latter two Regions that we suffer
also from a low level of data acquisition owing to communications problems
and other factors.

The effect of these shortcomings is most serious in

much of the tropical belt (10 N to 10 S) where, typically, barely one-third
of the upper-air observations implemented reach centres on the MTC.
Furthermore, even taking the most optimistic view of Area Sub-centre
experience so far, it seems unlikely that the additional data collection
in delayed mode will raise the capture beyond about half of the observations
implemented (viz. about one quarter of those requested).
Thus, although the regular network was augmented for the FGGE by
some additional upper air stations, e.g., in Africa, the Indian Ocean
sector, S.E. Asia, Australasia and certain Pacific Isles and the programme
at some existing stations was uprated from one to two soundings per day,
nevertheless one must conclude that for the equatorial tropics (especially
over Africa) the Level II-b data sets will not achieve the coverage of
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upper air data from surface-based stations hoped for during FGGE planning.

2.2

Satellites

2.2.1

TIROS-N
This satellite, crucial for platform location, data collection and

vertical soundings, has operated successfully.

In particular, in conjunction

with the ARGOS system it has located and acquired data from the highly
successful Southern Hemisphere drifting buoys and has performed similar
functions for the tropical constant level balloons.
As regards the TIROS-N vertical soundings, after the disappointments
of earlier soundings, understandably, caution is being exercised.

However,

there is clearly considerable optimism about the quality of the new soundings.
Thus, amongst the conclusions from the End-to-End test conducted on data
from 15-19 January 1979, when Sweden and ECMWF produced experimental analyses,
the new microwave soundings from TIROS-N were pronounced as "in virtually
complete agreement with all conventionally derived soundings."

This augurs

well for the global definition of the mass field for the FGGE.

2.2.2 NOAA-A
This satellite, for all practical purposes identical to TIROS-N,
was planned to be launched during the operational year of the FGGE and
if successful would have doubled the potential data capture from platforms (buoys and balloons) as well as doubling the number of vertical
soundings currently being provided by TIROS-N.

Unfortunately, the launch

has been delayed and at the time of writing the revised schedule for this
satellite is not known.
2.2.3

USSR Polar Orbiters
The METEOR satellites in orbit were augmented in January 1979 by

the launch of a METEOR 11.

Apart from providing visible and infra-red

imagery some of these satellites carry instrumentation to determine vertical
temperature profiles, humidity profiles and sea surface temperatures.
If these data prove suitable they will no doubt be incorporated into
the Level II-b data sets, but as yet this is by no means certain.
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2.2.4

~:~~!~!!~~~~~_~~!:!!!!:~
Thanks to prompt U.S.A. action to move and re-activate SMS-I as a

replacement for GOES-E, which developed a malfunction in December 1978,
and to the subsequent replacement of SMS-I by SMS-II when further problems
arose, geostationary satellites were operating at all five planned positions
for both SOPs.

They yielded a vast amount of upper wind data from cloud

drifts as indicated by the following sample figures.
Equatorial
Zone
lOoN _ lOoS

Totals

GOES-W

700

900

1600

GOES-E/SMS-I,II

700

900

1600

ESA

Table 11

Outside
Equatorial
Zone

800

800

GOES-Ind. Oc.

500

1500

2000

JAPAN

160

450

610

Average Number of Wind Vectors per Day, January 1979

The above represents a total of about 6600 wind vectors per day of
which about 2250 per day were over the equatorial tropics (lOoN to lOoS)
where, because of weak geostrophic coupling between the wind and mass
fields, wind data are of especial importance.
During the End-to-End test very good agreement was noted between
the cloud drift winds and other forms of data.

However, it also emerged

that although independent winds from different satellites in the overlap
zones were in excellent agreement, there were discrepancies in the assignment of cloud top temperatures and pressures.

Similar di fferences ("'lOoe

and 50 mb) were often noted even in results from NESS and Wisconsin based
on identical image data.

This uncertainty is of course not new and

clearly the problem is still with us.

In spite of it the geostationaries

are undoubtedly making a substantial contribution to the coverage of upper
winds.
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2.3

Tropical Wind Observing Ships
Details of the voyages and of the sounding programmes are published

elsewhere (GARP Newsletters, White Cover Reports).

In brief, during the

SOPs 40-45 ships were available compared with the originally hoped-for total
of 50 ships.

Endurance limitations and the need to make port calls for re-

supply meant that not all ships were at sea making soundings all the time.
However, during the intensive periods there were useful peaks of about 35
ships at sea mostly making at least two soundings per day.

In total the

ships made 1700-1750 soundings during each of the intensive periods of the
SOPs, giving excellent coverage of the equatorial Atlantic, good coverage
in the S.E. Asia Seas and in the Indian Ocean especially during MONEX
periods, but little coverage in the Central and Eastern Pacific where,
however, the dropwindsonde programme was most effective.
On the whole the wind-finding equipments performed well and the
GAO was very active in sorting out problems which arose, e.g., with the WMO
NAVAID installations.

In the interval between SOP-I and SOP-II considerable

efforts were applied to refurbishing and checking the equipment.
2.4

Aircraft Dropwindsonde System
Details of the operations conducted appear elsewhere (GARP Newsletters,

White Cover Reports).

Suffice to say here that in spite of problems concern-

ing the East Pacific base and aircraft serviceability, this component yielded
valuable coverage in the form of tropospheric soundings over the equatorial
tropics in those sectors devoid of other observations.
During the formal intensive period of SOP-I, 135 missions were
flown and about 1950 successful drops in the equatorial tropics were
accomplished.

Thanks to the U.S.A.'s generous extension of operations for

an additional week (13 - 20 February 79), a further 33 missions, yielding
about 500 more soundings, were flown.

In the corresponding period of SOP-II

more than 160 missions were flown yielding over 2500 successful drops.
The ACDWS and TWOS together provided about 125(145) soundings per
day during the intensive period of SOP-I (SOP-II).

It is noteworthy that

this contribution roughly equalled that captured from the land-based
upper-air network of WWW in the equatorial tropics.
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2.5

Tropical Constant Level Balloons
During SOP-I the launching schedule proceeded largely according to

plan with 153 balloons released from Ascension and Canton Islands.

A

number of these suffered automatic cutdown and many more were lost due to
unknown causes.
During SOP-II 157 balloons were released some of these, namely 27,
being launched from Guam in an attempt to increase the Indian Ocean coverage
for Summer MONEX.
Both launching schedules resulted in useful peaks of operational
balloons in the intensive periods and as can be seen from Figure I, a
significantly higher number of balloons were operational for SOP-II than
for SOP-I.
Typically about 80 wind vectors per day from the TCLB system were
passed over the GTS during SOP-I and well over 100 during SOP-II.

2.6

Southern Hemisphere Drifting Buoys
At the start of SOP-I, 125 had been deployed and by the end of

January 180 were deployed with 83% giving good data over the GTS, so much
so that a resolution of about 500 km. was achieved over 60-70% of the
southern oceans.
expected;

Admittedly the failure rate was somewhat higher than

nevertheless the programme must be regarded as very successful.

Figure 2 illustrates the distribution of buoys at the end of SOP-I.
Further deployments were carried out for SOP-II including 18 buoys
air-dropped by USA specifically to improve the coverage provided by the
array.

Figure 3 illustrates the distribution of buoys at the beginning of

the intensive period of SOP-II.

By 5 June a resolution better than 500 km.
0

was being provided over 81% of the southern oceans south of 20 5, with data
from more than 200 buoys passing over the GTS.
Highly favourable reactions to the buoy data have already been
received from a number of sources, e.g., U.S.A., U.K., Japan, Australia
and ECMWF.

It is clear that the buoy data are having a strong and bene-

ficial effect on Southern Hemisphere analysis and are showing inter alia
that even in the summer synoptic systems in high southern latitudes are
more intense than had been thought.
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Distribution of the operational FGGE Southern Hemisphere Drifting
0
Buoys as of 10 May 1979 in the area South of 20 S latitude.
Crosses indicate buoys deployed by air-drop during May 1979
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In the report of its fifteenth session the JOC highlighted the
contribution being made by the buoys and expressed the view that the
system had already demonstrated its value and suitability for continued
operational use.

There may indeed be a good case for maintaining such a

system as part of the future WWW.

2.7

Aircraft Reports
Apart from the intensified collection of routine AI REPS for the

FGGE, about 80-90 large commercial aircraft are participating in the
provision of reports via the Aircraft Integrated Data System (AIDS).

The

programme went well and during SOP-I the number of wind records being
processed by the special aircraft data centre (in De Bilt) reached about

2000 per day.
Further upper wind data were gathered from aircraft fitted with
the Aircraft to Satellite Data Relay (ASDAR) system.
3.

OVERALL PERFORMANCE OF OPERATIONS

3.1

General
The formal observational requirements for the Global Experiment

are stated in a number of GARP publications.

They were the outcome of

several iterations during the planning stages and were progressively
refined as a result of comprehensive series of observing system simulation
experiments.

One can be fairly confident that they constitute a well-founded

estimate as to what is required for the fulfilment of the objectives.
Nevertheless, it would be wrong to endow the formal requirements
with a status higher than that of good estimates and to treat them as
absolutely rigid or to conclude that the experiment has failed if they
are not fully met in all respects.
the requirements, there inevitably

In spite of the care taken to formulate
remain~

a degree of uncertainty which

can only be resolved further by the experiment itself.

Furthermore, to

some extent the data needs depend on how shrewdly and efficiently the
information content of the data is utilized in the analysis or four-dimensional assimilation systems;

this applies particularly to the newer forms

of data, including the a-synoptic components.
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3.2

Northern Hemisphere Extra-Tropics
The formal requirements call for a lateral resolution of 500 km.

for soundings (temperature and wind), surface pressure, humidity and sea
temperature with a vertical resolution of 7 levels for the soundings (4
tropospheric, 3 stratospheric) and two degrees of freedom for humidity.
Over the continental areas (N. America, Europe and Asia) where the
land-based networks of WWW are implemented to a high degree and the data
capture is also very high, the requirements are broadly met, indeed exceeded
in many places.
Over the oceans and the arctic the data comprise a mlX of soundings from polar orbiters, upper winds from geostationary satellites,
aircraft reports (AIREPS, AIDS, ASDAR), observations from weather ships
and merchant ships and sea temperatures from ships and satellites.
Undoubtedly, meeting the requirements over these areas depends
critically on the coverage and quality provided by the satellite soundings.
Certainly the lateral resolution (e.g., 250 km. for TIROS-N) amply meets
the requirements whilst the vertical resolution is adequate.

As regards

the quality, there are already indications from several sources that
TIROS-N soundings are appreciably superior to those from earlier satellites
and are being assimilated successfully in the course of analysis.

Admittedly,

preliminary estimates of the RMS difference between TIROS-N and radiosonde
0

soundings are about 1 to 3 K depending on level (compared with a required
accuracy of ~ 10K) but such estimates are pessimistic for a number of reasons
(thus radiosondes also have errors, the two forms of data are representative of
different atmospheric volumes, there are space/time differences in the comparisons, etc.).

Moreover, continuing intensive efforts are being made to improve

the retrieval procedures and there is a potential for more skilful use of
the information content so as to exploit better the special features of
these new data, e.g., the superiority of implied gradients of geopotential
as compared with the absolute values.

Accordingly, there is good reason

to be optimistic about the definition of the three-dimensional temperature
structure and hence of the mass field.
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As regards upper winds, the geostationary satellites are yielding
about 2000 wind vectors per day over the Northern hemisphere extra-tropics
up to about latitude 45

0

•

At anyone place these only relate to one level

and they tend to be concentrated in patches within which the observations
have a measure of lateral redundancy.

To these winds must be added those

collected by various means from aircraft and estimated to number in excess
of 1000 per day over the regions being considered;

they are not homogeneously

distributed and refer only to one level but are known to be of high quality.
In the same area, merchant ships provide about 2000 surface observations per day although these too are by no means homogeneously distributed.
There are additionally surface pressure data from about 20 buoys deployed
in the Arctic.
It appears from the foregoing that the FGGE data sets will contain
a great number of upper wind and surface pressure data for the Northern Hemisphere extra-tropical oceans but for various reasons, e.g., inhomogeneous
distribution and insufficient vertical resolution in some of the upper wind data,
the formal requirements for such data

will not be satisfied in a strictly

rigorous sense.
Fortunately, a number of factors operate in such a way as to reduce
the importance of these formal shortcomings.

Thus, strong geostrophic

coupling in extra-tropical latitudes renders the mass field and wind data
complementary rather than independently essential.
when used with a good data

a~similation

Moreover the models,

system, have displayed an impressive

ability to generate consistent and realistic fields of the basic variables
even in regions where the data are in some respects limited or inhomogeneous.
In view of these helpful factors and the closeness with which the
total observing system approaches the formal observational requirements,
IT IS JUDGED THAT THE MASS AND FLOW FIELDS OVER THE NORTHERN HEMISPHERE EXTRATROPICS WILL BE WELL-DEFINED, IN PARTICULAR SUFFICIENTLY WELL THAT NO ADVERSE
EFFECTS ON THE SCIENTIFIC OBJECTIVES OF THE FGGE ARE EXPECTED ON ACCOUNT OF
DATA DEFICIENCIES IN THOSE REGIONS.
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It is not yet certain how good satellite humidity data will be, but
the requirements may not be met fully in a formal sense over the oceans.
However such data are less important than data on the mass or
wind fields; moreover it is well known that in those limited areas where
the humidity structure has special significance, namely in actively developmental areas, the models tend to generate a realistic humidity field during
the early stages of an integration.
As regards sea temperature data, apart from those from merchant
ships, there are many thousands of satellite observations per day, providing considerably finer resolution than needed for FGGE.

However, so far

these observations appear to be too cold (compared with ship observations)
in middle latitudes and too warm 1n the Arctic.

It is expected that

such systematic differences will be largely eliminated by further development of the retrieval techniques.
ACCORDINGLY, IT IS BELIEVED THAT THE HUMIDITY AND SEA TEMPERATURE
FIELDS WILL BE DEFINED ADEQUATELY OVER THE NORTHERN HEMISPHERE EXTRA-TROPICS
FOR FGGEPURPOSES.

3.3

Southern Hemisphere Extra-tropics
The formal requirements are the same as those stated at the

beginning of 3.2 for the Northern Hemisphere extra-tropics but owing to
the great predominance of oceans in the Southern Hemisphere, the contribution from the land-based WWW networks is inevitably much less.

In

fact it is only about 13% of the total data needed to meet the requirements
over the Southern Hemisphere.
In consequence, although some of what 1S said about the Northern
Hemisphere in 3.2 has similar application to the Southern Hemisphere,
over the latter area the role of the polar orbiting and geostationary
satellites as a source of temperature soundings and cloud-drift winds
assumes greater, in fact crucial, importance.

Concerning the winds, it

may be noted that a small but valuable bonus is being provided as a result
of the drift of many tropical constant level balloons into the Southern
Hemisphere.
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As regards surface pressure, the Southern Hemisphere Drifting Buoy
System

~s

providing good observations with a resolution around 500 km over

70-80% of the southern oceans.
of the land-based WWW network,

This contribution, more than twice that
~s

highly significant.

Indeed it is even

possible that thanks to the buoys the surface pressure field here may be
better defined than over some parts of the Northern Hemisphere oceans;
at any rate the requirements in respect of surface pressure will be broadly
mri.

In attempting a judgement as to the adequacy of the observations
in toto, we can draw encouragement from the beneficial factors noted in
3.2, namely the improved quality of TIROS-N soundings, the potential for
better techniques of processing and assimilating the satellite sounding
data, and the capacity of the models to generate realistic fields from
fragmentary data.

Nevertheless we cannot claim that the requirements are

formally met over the Southern Hemisphere.

Even if the satellite sound-

ings prove to be very good and thereby yield satisfactory wind fields
through geostrophic coupling, a sufficiency of independent upper wind
observations will still be lacking.
In spite of the reservations one must have, it is nonetheless
abundantly clear that the woefully inadequate coverage of the Southern
Hemisphere by the surface-based WWW system has been vastly enhanced for
the FGGE with dramatic improvements in the definition of the Southern
Hemisphere atmosphere.
In summary, we may conclude as follows:
OVER THE SOUTHERN HEMISPHERE THE FORMAL REQUIREMENTS WILL NOT BE
ENTIRELY MET, MAINLY OWING TO A DEFICIENCY OF UPPER WIND OBSERVATIONS,
BUT THE ENORMOUS GAP BETWEEN PRE-FGGE COVERAGE AND THE REQUIREMENTS HAS
BEEN NARROWED SO GREATLY AS TO COMPLETELY TRANSFORM THE SITUATION.

THIS

WILL CREATE UNPRECEDENTED OPPORTUNITIES FOR SOUTHERN HEMISPHERE ANALYSIS
AND RESEARCH TO AN EXTENT HITHERTO IMPOSSIBLE.

FURTHERMORE, INVESTIGA-

TIONS REQUIRING GLOBAL COVERAGE WILL NOT AS IN THE PAST BE SEVERELY
HANDICAPPED BY THE PAUCITY OF SOUTHERN HEMISPHERE DATA.

FOR THE FIRST

TIME THE DEFINITION OF THE SOUTHERN HEMISPHERE ATMOSPHERE IS REACHING
STANDARDS COMPARABLE WITH THOSE OF THE NORTHERN HEMISPHERE.
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As regards humidity and sea temperature, the conclusions drawn
for the Northern Hemisphere extra-tropics (e.g., see 3.2) apply equally
to the Southern Hemisphere extra-tropics.
3.4

Equatorial Tropics (lOoN to lOoS)
Here the requirements are rather special because near the equator,

owing to weak geostrophic coupling, the mass field is of little help for
inferring the wind structure.

The mass field is typically characterized

by weak gradients and is of much less value than upper wind data.

Accord-

ingly, although the formal requirements for temperature soundings, surface
pressure, humidity and sea surface temperature are the same as those prescribed for extra-tropical latitudes, the requirements developed for wind
observations are more stringent.

Devising an observational programme to

meet them proved difficult and expensive and therefore the upper wind
requirements, repeated below for convenience, apply only to the Special
Observing Periods.

Horizontal
Resolution

Vertical
Resolution

Soundings
Per Day

Stratosphere

4000 km

3 levels

1

Troposphere,
Active
Regions

350 km
or
500 km

5 levels

1

5 levels

2

Troposphere,
Inactive
Regions

500 km
or
700 km

5 levels

1

5 levels

2

Table III

Wind Requirements - Equatorial Tropics

- SOPs
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3.4.1

~~~~_~~=!~_~~!~_i~:_!~=_~g~~!~:~~!_!:~e~~~

Under this heading the requirements would necessitate temperature
soundings and observations of surface pressure from about
distributed around the equatorial tropics.

~50

points evenly

Certainly the surface-based

WWW system.alone cannot meet the requirements;

the land-based component

in particular is incompletely implemented and the data capture from it is
poor in some parts of the zone.

In fact, information from WWW monitoring

and from the FGGE data management system suggests that the surface-based
system will yield surface observations from about 100, and temperature
soundings from about 60, equatorial stations for the Level II-b data sets.
This is well short of the requirements.
However, the satellite temperature soundings with a nominal resolution of 250 km. can amply meet the requirements provided their quality is
adequate (their likely quality has already been discussed in 3.2).

Further-

more, during SOPs the tropical ships and aircraft dropsondes contributed
many additional temperature soundings (e.g. together averaging about 125(145)
per day during the intensive period of SOP-I

(11»

and these are especially

useful because they augment the coverage in areas largely devoid of surfacebased radiosonde stations.
It is concluded as follows:
FOR THE OPERATIONAL YEAR AS A WHOLE THE REQUIREMENTS FOR TEMPERATURE
SOUNDINGS AND REFERENCE (e.g. SURFACE) PRESSURES lN THE EQUATORIAL TROPICS,
ALTHOUGH NOT MET BY THE SURFACE-BASED SYSTEM ALONE, WILL BE MORE THAN MET
IF THE SATELLITE SOUNDINGS LIVE UP TO THEIR HIGH PROMISE AND ARE OF GOOD
QUALITY.
DURING THE SOPs THE MASS FIELD REQUIREMENTS IN THE EQUATORIAL
TROPICS WERE NEARLY MET EVEN WITHOUT PLACING RELIANCE ON THE SATELLITE
SOUNDINGS.
AS INFORMATION ON THE MASS FIELD IS NOT CRITICAL IN THE EQUATORIAL
TROPICS IT IS JUDGED THAT THE MASS FIELD THERE WILL BE SUFFICIENTLY WELL
DEFFINED FOR FGGE PURPOSES, ESPECIALLY DURING SOPs.
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3.4.2
The conclusions drawn for the extra-tropics (e.g., see 3.2) apply
equally to the equatorial tropics.
3.4.3

~ee::_~~~~~_~~::_!~:_~g~~!~:~~~_I:~e~~~
The rather stringent requirements for upper wind observations over

the equatorial tropics given in 3.4 were the outcome of an Informal Planning Meeting (Washington, July 1975) at which the requirements were
re-appraised in the light of the results of some fresh observing system
simulation experiments (OSSE) and in the knowledge that in those latitudes
geostrophic and vertical coupling are both weak, the disturbances of
interest there have a smaller lateral scale than those of middle latitudes
and the ITCZ and certain equatorially trapped waves need to be resolved.
The review called for finer lateral resolution in the tropospheric upper
winds than previously requested but accepted that a rather coarse lateral
resolution (4000 km) in the stratosphere would suffice to define those
equatorial

wav~s

of most interest there.

The available observations during the FGGE comprised radio and
pilot balloon winds from the land-based WWW network, cloud drift winds
from geostationary satellites, winds from aircraft (AIREPS, AIDS, ASDAR)
and additionally during the two SOPs, upper winds from 40-45 tropical wind
observing ships (TWOS) and from the aircraft dropwindsonde system (ACDWS),
also upper tropospheric winds from the tropical constant level balloons
(TCLBs).

So far as the aircraft dropsonde contribution is concerned,

problems in operating the aircraft through highly disturbed conditions
sometimes limited the choice of flight tracks and thereby rendered it
difficult to achieve the wind requirements for the equatorial tropics set
out in Table Ill.
The precise amount and quality of the upper wind data provided by
the composite system will not be known until the relevant Level II-b data
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sets have been assembled and examined.

However, based on the information

available to date it is estimated that the contributions during the intensive period of SOP-I were as follows:
Throughout Operational Year
125 '",ind soundings per day

WWW

Cloud-dri ft winds

2250 wind vectors per day

Aircraft winds

250 wind vectors per day

SOP-I (Intensive Period Only)
TWOS

60 wind soundings per day

ACDWS

65 wind soundings per day

TClB

100 wind vectors per day
250 wind soundi"ngs per day

TOTALS
during intensive
period of SOP-I

Table IV

2500 tropospheric wind
vectors per day
100 upper tropospheric
wind vectors per day

Wind Data over Equatorial Tropics

Fig. 4 illustrates the contributions made by these various components in relation to the requirements for upper winds in the troposphere
of the equatorial tropics.

The requirements indicated on the diagram

allow for the differing resolutions called for in the "active" and "inactive"
zones and correspond to those specified for once per day observations;
therefore, to permit a valid interpretation, the contributions are plotted
in the form of soundings (Dr eqUivalent) per day rather than the number
of observation points.

Contributions from the TCLBS are not indicated on

Figure 4 partly because they are small and partly because at the time of
writing it is not reliably known how many of the wind vectors were in the tropics.
The land-based WWW network, quite inadequate on its own, has a
highly irregular distribution which leaves large expanses of ocean unobserved.
The addition of the TWOS and ACDWS sou~dings during the intensive period
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of SOP-I not only doubled the number of soundings but also filled in
the ocean gaps quite effectively and thereby resulted in a much more
homogeneous network.
We see that the soundings from WWW + TWOS + ACDWS, yielding winds
at the required 5 tropospheric levels, gave a lateral resolution of 600 km.
Thus the formal requirements would not be met by the soundings alone.
Some smaller scale tropical waves, in which penetrative convective systems
are often embedded, would be only poorly defined and the error in the
initial state for predictability experiments would be greater than desired.
Nevertheless, an average resolution of 600 km. represents a significant
advance over that provided by the surface-based WWW alone and would
certainly define those equatorial planetary waves of importance for
interactions between tropical and temperate latitudes.
So far we have not considered the winds contributed by aircraft
and satellites.

Although available in large numbers (about 2500 per day

over the equatorial tropics), these winds are individual vectors rather
than soundings and for the purpose in hand we really need to express their
value in terms of equivalent soundings.

In the vertical they do not

provide the resolution called for whilst in the horizontal they tend to
be concentrated rather densely in patches where the data have a measure
of lateral redundancy.
Their value will become clearer when some Level III-b analyses
have been produced and evaluated.

For the time being we assume that 10

of these wind vectors are equivalent to one 5-level (tropospheric) wind
sounding and their contribution in Fig.4 has been plotted on that basis.
Subject to this uncertainty it can be seen that the average resolution
provided by the total observational system very nearly meets the requirements.
As regards the equatorial stratosphere, the WWW and TWOS soundings
mostly provide the three stratospheric levels called for and together
gave an average lateral resolution somewhat better than 700 km.

Thus the

requirement (4000 km. lateral resolution) is amply met on average, but is
probably not entirely met over the tropical Pacific.
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During the intensive period of SOP-II the coverage was somewhat
better than that of SOP-I thanks to the improved performance of the
ACDWS and TCLB systems.
The conclusions covering the upper wind requirements for the
equatorial tropics may thus be summarized as follows:
THE WIND SOUNDINGS CONTRIBUTED BY WWW, TWOS AND ACDWS MEET THE
REQUIREMENTS FOR VERTICAL RESOLUTION IN THE TROPOSPHERE OF THE EQUATORIAL
TROPICS, BUT THE LATERAL RESOLUTION PROVIDED (AVERAGE 600 KM) DOES NOT
MEET THE HORIZONTAL REQUIREMENTS. NEVERTHELESS THESE DATA TOGETHER REPRESENT A VERY SUBSTANTIAL IMPROVEMENT OVER THE PRE-FGGE COVERAGE AND WILL
RESOLVE MANY OF THE SCALES OF INTEREST.
THE VALUE OF THE WINDS FROM GEOSTATIONARY SATELLITES AND AIRCRAFT,
BEING ONLY SINGLE VECTORS RATHER THAN MULTI-LEVEL SOUNDINGS, IS DIFFICULT
TO ASSESS. HOWEVER, THESE WINDS ARE VERY NUMEROUS AND WELL DISTRIBUTED
AND IT IS JUDGED THAT THEY WILL ENHANCE THE SOUNDINGS TO SUCH AN EXTENT
THAT THE REQUIREMENTS FOR THE EQUATORIAL TROPOSPHERE WILL BE VERY NEARLY
SATISFIED BY THE TOTAL SYSTEM.
THE WIND REQUIREMENTS FOR THE EQUATORIAL STRATOSPHERE WILL MOSTLY BE
SATISFIED BY A COMFORTABLE MARGIN.
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3.5

Performance of FGGE Operations - Summary of Conclusions

Mass Field
(Temperature field
and reference pressure)

Equatorial
Tropics

Northern
Hemisphere
Extra-Tropics

Southern
Hemisphere
Extra-Tropics

All Areas

Requirements amply met if
satellite soundings satisfactory.
Nearly met during SOPs even
without satellite soundings.
As mass field not critical
here, it will be sufficiently well defined for
the FGGE~

Wind Field
Requirements in stratosphere met by a good margin,
but in troposphere soundings alone do not reach the
required lateral resolution.
Value of satellite and aircraft winds difficult to
assess but when these are
added to the wind soundings
it is estimated that the
requirements will be very
closely approached.

Requirements over land areas amply met by the surfacebased system alone except in a few places, e.g., North
Africa. Over such latter areas and over the oceans,
requirements expected to be met with the help of satellite soundings and of the strong geostrophic coupling
in these latitudes between the mass and wind fields.
FGGE has resulted in exceptional improvements in coverage, mainly in respect of surface pressure. Although
upper wind data will be insufficient to reach formal
requirements, this will be offset by satellite soundings
in conjunction with geostrophic coupling and it is
judged that requirements will be closely approached
even here.
The requirements relating to atmospheric humidity and
sea-surface temperature are expected to be broadly
met in all areas.
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3.6

Final -Remarks
There were no major failures in the implementation of observing

systems planned for the FGGE and although the formal requirements were
not strictly reached over the whole globe, nevertheless exceptional enhancement was attained in the areas normally observed very inadequately (viz.
equatorial tropics and southern hemisphere), so much so that it is judged
the final data sets will allow the scientific objectives of the FGGE to be
realised.

---

APPENDIX G

PLANS AND INTENTIONS OF THE MEMBERS OF THE FGGE PANEL TO
CONTINUE OPERATING FGGE ORIGINATED OBSERVING SYSTEMS
Argentina

(i)

Buoy deployment from ships
Argentina plans to collaborate to a degree similar to that in the
implementation of buoy deployment for FGGE
The facilities which are actually involved will be listed explicitly
when the requirements to be fulfilled are being planned.

(ii)

Buoy deployment from aircraft
Argentina plans to contribute to the deployment within the limits of
the possibilities existing at the time when the concrete plans are
discussed.
It is considered that, in principle, it will be possible to contribute
towards the deployment of buoys within a radius of three thousand kilometres of 68°W 51 0 S.
It has been agreed, again in principle, to discuss a pre-established
deployment plan and possibly to carry out flights enabling buoys to be
deployed so as to fill information gaps if such gaps occur within the
zone mentioned above.
Australia

(i)
(ii)
(iii)

Plans to refurbish and re-deploy any FGGE buoys found
Plans to place a buoy on Heard Island in February 1980 to provide continuous
pressure information .
Australia is considering the establishment of a network of about 20 buoys
for operational use, but no decision has yet been made. Because of the
necessary two year lead-time, the earliest implementation would be 1982.
Canada

(i)
(ii)

Cannot continue to supply buoys for southern hemisphere deployment
As part of a study into possibly alternative data collection systems,
especially with a view to the possible replacement of ocean weather ship P,
Canada is investigating a combination of drifting buoys, automatic land
stations, radar and satellite data. The buoy deployment is expected to
begin in December 1979 and increase in number to a system of 8-12 operating
platforms by 1981.
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Finland
(i)

The TWOS Navaid Data Centre will cease to operate at the end of 1979.
However, with all the sophisticated software programmes developed, Finland
will continue to process Navaid data, provided users cover operating costs.
France

(i)

Does not intend to use operational buoys in 1980. However, some 10 to
15 drifting platforms will be deployed either for research purposes
(drifting of icebergs, oceanography) or in view of testing new types of
buoys or buoy equipment. One or two anchored buoys will also be tested.
India

(i)
(ii)

(iii)

(i)
(ii)

Attempts are being made to continue the four land upper-air stations created
for MONEX
Likewise, the Arabian Sea upper-air station implemented for FGGE may also
be continued
3 rocketsonde stations were implemented for FGGE. Of these, one will
definitely continue (i.e. a permanent base). The possibility of continuing
the station at 21 0 N is being investigated.

Operation of GMS-l will be continued
GMS-2 will be launched in mid 1981
Nigeria

(i)

Six upper-air stations currently operate and it is hoped soon to have
eight. In the next two years it is hoped to implement a regular programme
of 2 obs/day at each station.
Norway

(i)

Will co-operate in the establishment of an imprQved observin~ system based
on the FGGE experience. Most of the buoy activity will be concentrated on
the Arctic, the North Atlantic and the waters surrounding Norway.

(ii)

Two automatic stations installed on Bouvet Island for FGGE will continue
operating until the batteries expire. The decision of future operation of
these stations will be made in 1980.
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U.S.S.R.

(i)

Plans to launch a geostationary satellite over the Indian Ocean, however
the time schedule for launching has not yet been established.

(ii)

Regarding the polar orbiting satellites of COSMOS type, a second generation of these will continue to operate on an operational basis.

(iii)

The U.S.S.R. is prepared to launch foreign buoys from U.S.S.R. Antarctic
supply vessels.

(iv)
(v)
(vi)

The U.S.S.R. would luanch foreign buoys from Soviet vessels in other regions
as well.
By 1982, the U.S.S.R. is considering launching its own buoys.
The U.S.S.R. would consider making available a fleet of scientific ships
for international programmes such as the World Climate Programme.

U.K.
(i)
(ii)

(iii)

ASDAR equipment already installed on British Airways aircraft will function
as long as geostationary satellites are available.
The equipment provided in FGGE under VCP will be left in the respective
countries, but there are no plans to provide further consumables on any
extensive scale.
Stratospheric sounding units will continue to be provided for the TIROS-N
series of satellites.
U.S.A.

(i)
(ii)
(iii)

Plans to continue its support of the WMO Voluntary Co-operation Programme
Plans to continue operating two geostationary satellites
Plans to continue operating a two-polar orbiting satellite system

(iv)

Will continue to use oceanographic research vessels for a variety of
oceanographic/meteorological activities, including specific applications
in the evolving World Climate Research Programme

(v)

May develop an upper-air system to be placed on ships of opportunity to
improve satellite derived temperature soundings over totally cloudy ocean
regions. The current FGGE Navaid units will be used only for research
purposes.
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(vi)

Will improve the current FGGE aircraft dropwindsonde system (which has
already been used in its current form in measuring winds near Hurricane
Frederick) into a more operational version for use in weather reconnaissance,
including hurricane wind determination

(vii)

Intends to develop a future operational ASDAR system which will be based upon
the experience gained during its-year of prototype testing concident with
the Operational Year of the FGGE

(viii)

(ix)

Will try to maintain approximately 15 operational buoys throughout the
coming five-year period in the Arctic. The buoys will be air-dropped
via parachute as was the case during POLEX and FGGE
Intends to deploy buoys in future years in both the northeast Pacific and
in a region of the southern hemisphere to be determined after co-ordination
with other countries during the WHO/IOe Informal Planning Meeting on Drifting
Buoy Programmes (3-5 December) and in subsequent meetings required to make
the drifting buoys a part of the operational WWW
Service ARGOS

(i)

(ii)

Will maintain data collection and processing from two satellites. This
service will be free of charge for all FGGE platforms at-least until the
end of 1979
ARGOS data collection and processing system will be available at cost to
the users after the deadlines mentioned above. The envisaged price for one
platform per day is FF 100. However, if the users participate in a group
contract covering at least 50 platforms during a one-year period, the price
of data collection and processing will be reduced by 60%.
ESA

(i)

Plans to launch METEOSAT-2 in late 1980. After the launch of METEOSAT-2,
METEOSAT-l will be used as an in-orbit spare.

(ii)

Plans to launch in mid-1981 the SIRIO~2 satellite, part of whose function
is to improve the transfer of meteorological data in Africa

(iii)

Will continue to produce meteorological products (i.eo winds, sea-surface
temperature, etc.) for the METEOSAT coverage zone until at least the end
of November 1980

(iv)

Unless further funding is forthcoming all METEOSAT operations will cease
at the end of November 1980

(v)

Invesigates the possibility of incorporating the SIRIO-2 type of communications package on the envisaged operational METEOSAT satellites for the
period 1984-1994.
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SCHEDULE FOR REPROCESSING OF FGGE BUILD-UP YEAR DATA

Delivering Data Centre

Current status

Japan Area Sub-Centre

(SBSOSDC will inclcde Level II-a data upon
receipt of merged surface-based data from SBDC)

UK Area Sub-Centre

1 Jan

-

30 Jan 1978

data delivered

USA Area Sub-Centre
USSR Area Sub-Centre

Future plans

Processing will resume
when di fficul ties of tape
compatabili ties have been
overcome. Expected completion 1 February 1980.

1 Jan - 30 May 1978 data
delivered
9 Feb 1978da-ta
for 1 Jan
see comments for Japan Area
Sub~centre; 10 Feb - 10 May

Expected completion
17 Dec 79.

1 Jan - 31 july·1978 data
delivered

Expected completion
15 Dec 79.

-

Expected completion
26 Dec 79.

c:lntn ,.101; ./or~c:l

Mobil.e Ship Data Centre
Level II-b SBDC

Awaiting UI< Area Sub-Centre
data

Begin merging upon receipt
of UK Area Sub-Centre data.
Expected completion
1 March 1980.

Level II-b SBSOSDC

Awaiting merged surfacebased data from SBDC

Begin preparation of complete Level II-b data set
upon receipt of SBOC data.
Expected completion
1 May 1980.
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U.S.A. EXPERIMENTAL SATELLITE FGGE LEVEL II-C DATA PRODUCTS

PJ\HAt~ETm

TE14POHAL
HEsouii[ilN

SflUV

Total Ozone Content
and Ozone Profil es

Continuous
Sampling

:l d.lyS (In/1 dily 0ff
duty.cyc1e, daytime
daLa only, full
Operational Year

?OO km x ?OO km
cells, - 2 km
vertical profi le
spacing

A10nq orhita1 suhtrad; l<1r~e
<japs betl·/een orbi ts at equator
(200 km wide orbital strips
separated hy - 2600 km at
equator and converging at
increasing latitudes); near
global coverage in 6 days.
Vertical coverage (profiles)
approximately 28 to 55 km.

S14r~R

Sea Ice Concentration

Continuous
Samp1 ing

1 day on/1 day off
duty cycle; full
Operational Year

30 km x 30 km
cells

Along orbita 1 swath; gaps
between orbits at equator (780 km
wi de orbital swaths separated by
- 2000 km at equator and convergin'l
at increasing latitudes.

SENSOR

TEMPORAl-. COVEf3A?E_

SPATIAL
11ESOLUfH1N

SPATIAL COVEHAGE

sea ice: cells abo~e minimum sea
ice latitude (--50 ) only; gaps
betweenoorbits at latitudes greater
than 50 much less than at equator;
near global coverage (above 50
latitude) in 3 days.
Continuous
Sampling

1 day on/1 day off
duty cycle; full
Operational Year

60 km x 60 km
cells

rain rate: cells over open wate&
on y (confined primarily to 64 N64 S); swath separation at equator
imp1i es sparse da ily coverage neal'
equator, improving at higher latitudes, near global coverage (over
oceans) in6 days.

Solar Irradiance
(total and spectral)

Daily

3 days on/1 day off
duty cycle, full
Opera ti ona1 Year

Not applicable

Not applicable

Zona lly Averaged
Insolation

Daily

3 days on/l day off
duLy cycle', full
Opera t iona1 Year

4.5 0 latitude
Zones

Global

Radiation Budget
Parameters
(lnngwave flux '.
net radiation,
albedo)

Daily

3 days on/1 day off
duty cyc1p, full
Operati ona1 Year

_ son

Global

Ocean Rain Rate

ERB

km x _ 500
km (Horld Grid
format)
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APPENDIX J
REPORT OF THE DIRECTOR OF THE
INTERNATIONAL MONEX MANAGEMENT CENTRE
FOR THE WINTER MONSOON EXPERIMENT
The Winter Monsoon Experiment took place from 1 December 1978 to 5 March 1979,
coinciding with the First GARP Global Experiment and, in particular, the first Special Observing Period of FGGE (5 January to 5 March 1979). Upon request of WMO, Malaysia has been
host to the International MONEX Management Centre (IMMC), the chief organizing body for the
experiment, since January 1978 when the Centre began the detailed planning for the experiment.
The Centre has continued to supervise the activities of the Winter MONEX throughout the operations phase and during the Quick-look and Level II-b data management phases. This report provides the international scientific community with some details of the events and activities
which took place during the operations phase of Winter MONEX. Periodic Newsletters from the
IMMC will continue to provide brief accounts of other activities of the Centre.
The general consensus of scientists involved with Winter MONEX seems to be that the
experiment was a success both in execution and expected fulfilment of the scientific objectives. Many of the participating countries have already expressed their pleasure with the
result of their own efforts and hve shown their optimism that most of the overall scientific
objectives of the experiment will be met. The operations of the experiment were not, however,
without disappointments such as the limited success of the special MONEX upper-air stations
and the automatic surface stations. The significance of the absence of these platforms at
certain critical periods during the experiment can only be accurately assessed later.
Most shortcomings which occurred during the field phase of the experiment could
have been avoided if the I~MC had been properly staffed as recommended. The provision of
more full-time secondments as requested would have been most useful. Nevertheless, I commend
the staff of the IMMC for the excellent job accomplished despite these rather severe limitations. Their devotion and deligence over an extended period of time provided the major factor to the success Of ~Ji nter t40NEX operati ons.
I would also like to convey my sincere thanks to all the countries and individuals
who had contributed their time and resources to the experiment expecially those who were able
to work at the Winter MONEX Operations Centre during the field phase. Winter MONEX was conceived as a regional experiment whose success relied heavily on regional participation and
support. Its success therefore is yet another shining example of the excellent co-operation
that exists among nations in the advancement of international meteorology. I look forward
to the continuation of this co-operative spirit in our future undertakings.
Pre-Field Phase Activities (October/November 1978)
A number of secondments were made to the IMMC starting with the pre-field phase
period: Mr. Abdul Karim Henaidi, telecommunications expert from Saudi Arabia (mid-September
to mid-November); Mr. Sun Chin-Yuan, telecommunications expert from China (October to March);
Mr. Huang Ping-hsun, instrumentation expert from China (October to January); Mr. Fan Chi-jung,
radar expert from China (November to March); Mr. Hsiao Kai-shu, forecaster from China (November to March); Dr. P.C.Chin, forecaster from Hong Kong (November to December); Dr. Soerjadi,
forecaster from Indones i a (November to Februa ry) and Mr. Mark Wi 11 i ams, forecas ter from
Australia (November to March). The WMO Fellows arrived at the IMMC in late November or early
December, just at the beginning of the field phase and all stayed until around first week in
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March. The WMO Fellows for Winter MONEX were Mr. Paul Lo Su Siew from Singapore, Mr. Viroch
Oonboonruang from Thailand, Mr. Asmarakusuma and Mr. Karsosumarto from Indonesia.
Dr. Robert Grossman, the Deputy Director of the IMMC for Summer MONEX assisted the USA aircraft operations for about three weeks in December.
Certain plans were completed and distributed to most Winter MONEX participants before the start of the field phase. These included: Operations Support Plan, Aircraft Operations Plan, Scientific Options Plan, Observing Procedures Plan and several Annexes to the
Data Management Plan. For expediency, these plans were produced in limited numbers at the
IMMC. Plans for the Telecommunications, Systems Testing and Intercomparison could not be
produced in final form because of lack of seconded staff to the IMMC.
The Winter MONEX Operations Centre (WMOC) located at the Malaysian Meteorological
Service's forecast office at Kuala Lumpur International Airport began routine analysis and
forecasting from 20 November. Prof. James Sadler (University of Hawaii), accompanied by
other University of Hawaii personnel, acted as Chief Analyst at the WMOC for about one month.
He arrived in mid-November to train Winter MONEX analysts in synoptic analysis in an attempt
to produce standardized charts for the field phase and subsequent Quick-look Data Set.
Phase I (December 1978)
The Winter Monsoon Experiment was officially declared open on 30 November 1978 by
the late Tan Sri V. Manickavasagam, Minister of Transport, Malaysia. Prof. Bo Daas representing WMO and Mr. Ho Tong Yuen, Director of the IMMC also spoke at the opening ceremony.
Representatives from the embassies of most participating countries, ~1a1aysian Government
officials and Winter MONEX participants attended the opening which included a visit to one
of the Winter MONEX research aircraft and a tour of the Operations Centre.
The first weather briefing and planning meeting for Winter MONEX took place at
1700 hours on 30 November and was chaired by Dr. J.Kuettner, the Scientific Director of
Winter MONEX for Phase I. Decisions at the weather briefing and planning meetings were made
by a Scientific Planning Team consisting of representatives of Winter MONEX countries with
participants at the WMOC.
The participants at the WMOC were composed of scientists, technicians and air crews
(approx. 90 persons), IMMC staff and WMO Fellows (about 20 persons) and support staff from
the Malaysian Meteorological Service (around 70 persons). In all cases, the number of people
needed for the work at the WMOC was about 50% higher than originally planned. Even with the
increased number, many people had to work every day to handle the heavy workload and some
tasks, previously planned, could not be completed.
The facilities at the WMOC consisted of about 365 sq. meters of space including
individual offices, a conference room, a data management area, an aircrew briefing room, a
large weather briefing and analysis area (plotting and data monitoring was done there also)
and space for support facilities and staff. Not included in this space are telecommunications
areas for Satellites, GTS, Winter MONEX research ships and aircraft nor some office space
provided at the headquarters of the Malaysian Meteorological Service (MMS) in Peta1ing Jaya.
Even with the area provided, extra office space and areas to work undisturbed on Winter MONEX
data were not available.
The two USA research aircraft, the NOAA P3 and the NCAR Electra, were available for
research flights from Kuala Lumpur from 1 to 18 December and 1 to 31 December respectively.
The three USSR ships, Academic Korolev (UHQS), Academic Shirshov (UMAY) and Priliv (EREC)
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were at their triangle positions (4 0N 1110E, 70N 113 0E, 70N 109 0E respectively) from 6 to
29 December. Other special platforms for Winter MONEX were operating during the following
times: GMS receiving station, 1 to 31 December; MIT ground-based digital radar in East
Malaysia, 7 to 31 December; three portable upper-air stations in the South China Sea region
one from 7 to 31 December, another from 29 to 31 December and another from 1 to 5 December
(the upper-air station at Indonesian island station 96147 was not implemented); automatic
surface stations were not installed yet during December 1978; Hong Kong observing ship (GBXZ),
1 to 3 December and Hong Kong Island aircraft, 1 to 31 December.
In summary, there were 19 days during Phase I when at least one (and at times all 3)
Winter MONEX aircraft were operating. Around 240 dropwindsondes were released during the month
with about 200 of these being considered successful. No major equipment failutes occurred
aboard the research aircraft during the month of December except for the loss of the Electra
radar during the final days and one temporary problem with the Electra dropwindsonde system
in mid-December. The Winter MONEX research ships took approximately 325 radiosonde ascents
including 8 special Observations per day during Intensive Observing Periods for MONEX. Special
upper-air soundings were also taken during the IOPM's at Hong Kong and Dongshadao. A total
of 5 Intensive Observing Periods for MONEX covering 9 days were declared during Phase I.
These covered the periods:
l.
2.
3.
4.
5.

07
la
16
20
29

December
December
December
December
December

0000
1200
0000
1200
0000

m·1T to 08 December

GMT
GMT
GMT
GMT

to
to
to
to

12
18
22
31

December
December
December
December

0000
1200
0000
1200
0000

GMT
GMT
GMT
GMT
GMT

(above 150N only)

The Winter Monsoon over the Winter MONEX area was very persistent throughout the
month of December 1978 although it was considered weaker than normal as measured by rainfall
over Malaysia (almost uniformly much lower than normal) and by the mean monthly temperature
at Hong Kong (l.loC above normal). Also no mid-tropospheric westerly troughs developed over
the Bay of Bengal nor were there any significant near-equatorial vortices nor strong surges
over the South China Sea. Within the opportunities provided by the actual weather during
Phase I, almost all scientific objectives had one or more research days devoted to them.
Dr. J.Kuettner has already expressed his satisfaction at the success of the Winter MONEX
research aircraft programme and Dr. B.S.Chuchkalov recently stated that the collection of
data to meet the scientific objectives of the USSR research programme involving their ships
had been very successful.
Phase 11 (5 January to 5 March 1979)
Phase 11 of Winter MONEX began on 5 January 1979 at 0000 GMT. The staffing at the
WMOC for Phase 11 was approximately 20 scientists, IMMC staff and WMO Fellows and about 40
additional support people. Routine analysis and forecasting took place each day with a
weather briefing conducted every afternoon. Scientific decisions were made by the Scientific
Planning Team with each afternoon briefing chaired by one of the Assistant Directors of the
WMOC.
No research aircraft were available during Phase 11 of Winter MONEX. Five USSR
ships took regular observations 4 times per day from 15 January 0000 GMT to 13 February 1200
GMT except for EREC which stopped observations on 9 February 1200 GMT because of a need for
s~ip repairs.
The fixed positions of the USSR ships for Phase 11 were:

'.
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UHQS
EREC
UMAV
EREI
EREH

EQ,
30 N,
EQ,
4. SON,
2.2S oN,

107.SoE
107 0E
90 0 E
90 0 E
86 0 E

(Academic Korolev)
(Pril iv)
(Academic Shirshov)
(Okean)
(Priboy)

From 7 January to IS January, UHQS and EREC took an additional 48 upper-air observations during
a special mission to study the northern and southern near-equatorial troughs, one going from
EQ 107.SoE to 12 0N 1100E to 30N 107 0E and the other going from EQ 107.SoE to lOoS 1040E to
EQ 107. S°E.
The status of the special Winter MONEX observing platforms for Phase 11: three
upper-air stations in the South China Sea region took about 100%, SS% and 3S% of the possible
twice daily observations, respectively; four of the expected six automatic surface stations
were installed in Indonesia, one on 6 January at Karimunjawa, one on 8 January at Sangkapura,
one on 12 February at Gag and the other On 2 March at Terempy: the ground-based radar was
not available for Phase 11, and the satellite receiving station continued performing well
throughout the period.
During Phase 11, the Winter Monsoon continued to be weak with no strong surges nor
any major near-equatorial disturbances over the South China Sea. For January Hong Kong recorded a mean monthly temperature of 2.0 0C above Dormal and a negative mean northerly wind
component at 600 meters. Intensive Observing Periods for MONEX during Phase II were declared
for cold surges on:
IS
18
29
31
14

January
January
January
January
February

1200
1200
1200
1200
1200

GMT
GMT
GMT
GMT
GMT

to
to
to
to
to

17
19
30
02
17

January
January
January
February
February

1200
1200
1200
1200
1200

Gt1T
GMT
GtH
GMT
GMT

Special upper air observations were again taken at Hong-Kong and Dongshadao during these
WPM's.
During January, tk. L.Ramanaidoo from Malaysia was appointed as Quick-look Data
Manager while Mr. Goh Hock Sengalso from Malaysia was appointed as Level II-b Data Manager.
The data management groups became increasing active from the beginning of the field phase~
Dr. Martin Verg visited the Soviet ships from 16 to 19 February when they were in
Singapore after FGGE SOP-I. Dr. Boris Chuchkalov, Chief Expeditionary Scientist, handed over
the 3 magnetic tapes containing all Winter MONEX meteorological and oceanographic data in FGGE
format which was collected by the Soviet research ships. This was the first Level II-b data
recei ved by the H4MC.
The closing ceremony for the Winter Monsoon Experiment was held at the Headquarters
of the Malaysian Meteorological Service in Petaling Jaya on S March. Mr. Ho Tong Vuen, IMMC
Director, expressed his thanks to all participants in Winter MONEX. He said that he hoped that
the hard work and dedication demonstrated by all participants would result in a better understanding of the dynamics and interactions of the winter monsoon.
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Winter MONEX Quick-look Data Centre (WQDC) Activities
Following the end of the field phase of Winter MONEX, the work of data management
became the main work for the experiment. The Quick-look Data Manager, Mr. L.Ramanaidoo was
assisted part-time by a programmer from the WMDC and full-time by a long-term secondment from
China, Mr. Peng Daohe who was largely responsible for the quality control work on the quicklaok GTS synoptic data. At various times during the preparation of the Quick-look Data Set,
members of the Malaysian Meteorological Service helped do specific tasks for data management.
Of special note is the work of Mr. R.Radhakrishnan who was primarily responsible for all
microfilming work at the WQDC.
The Winter MONEX Quick-look Data Set was delivered to the USA and USSR Ambassadors
to Malaysia for transfer to the respective WDC on 3 September 1979 in a ceremony at the IMMC.
The hand-over of the 10 magnetic tapes and 18 rolls of microfilm which contained all the Quicklook data was charged by the late Tan Sri Manickavasagam, Minister of Transport of Malaysia.
Mr. Ho Tong Yuen, Director of the IMMC, presented a summary report on the importance of this
data set and the benefits already provided Malaysia from the increased knowledge gained from
Winter MONEX.
The data available in the Quick-look data set is listed in Table J.l. The data and
accompanying documentation may be ordered now from the WDCs. The details will be pUblished
as part of the FGGE data catalogue in its December 1979 supplement.
In 1ate March, the I~1MC recei ved a copy of "5ynopti c Scale Quick-look for Winter
MONEX - December 1978" prepared by Prof. James Sadler of the University of Hawaii. The report contains reproductions of the analyzed surface and 200 mbar Winter MONEX operational
charts for 0000 GMT plus sector 3 of the Gr~S low-resolution photographs as received at the
Wi nter MONEX Operati ons Centre for 1800 G~1T and 0600 G~1T coveri ngall of Phase I of Wi nter
MONEX. Copies of the report (UHMET 79-02) can be obtained from the Department of Meteorology,
University of Hawaii, Honolulu~ Hawaii 96822 USA.
Winter MONEX Level Il-b Data Centre (WMDC) Activities
Some programming work began at the WMDC following the end of the field phase. However, the progress was slow because of the continued assistance prOVided the WQDC by WMDC personnel. In May, theWMDC Data Manager resigned from his post at the Malaysian Meteorological
Service and the work of the WMDC was carried forth by Mr. Lim Yang Teh from Malaysia who was
appointed as a programmer to the Centre in April.
During the first week of April, Mr. L.Ramanaidoo, the QUick-look Data Manager, represented the WMDC at the Third Session of the Working Group on FGGE Data Management held in
Paris. Many of the Winter MONEX Level II-b data management activities which are closely
linked to the FGGE data collection effort were discussed and co-ordinated.
After completion of the Quick-look Data Set, Mr. L.Ramanaidoo and Mr. Peng Daohe
from China joined the WMDC to work on Level II-b data management. The work of the Level II-b
Data Manager is now being jointly shared by Mr. Ramanaidoo and Mr. Lim who are also involved
with Level II-b programming.
Co-ordination between Japan Area Sub-centre for FGGE and the WMDC has been closely
maintained since December. Ten tapes containing upper-air, surface and aircraft data were
received from Japan Area Sub-centre in July 1979. These data will be useful in preparing
the Winter MONEX Level II-b data programmes for upper-air, surface and aircraft data. The

Table J.l - Winter MONEX Quick-look Data Availability
DATA SOURCE
DATA TYPE
'FREQUENCIES
Winter MONEX
SYNOP, UPPER-AIR 00,06,12 & 18 GMT
Research ships BATHY &TESEC
and all available
03,09,15& 21 GMT
GTS (Hong Kong
and Malaysia)

DATA FORMAT
MEDIUM
Level II,.b Magl'leti c tape

SYNOP, SHIP,
00,06,12 & 18 GMT
UPPER-AIR, SATOB, and all available
SATEM. AIREP,
03,09,15 & 21 GMT
RADOB

t~ww

.Magneti c tape

i

1/12/78
11/12/78
21/12/78
1/ 1/79
11/ 1/79
21/ 1/79
1/ 2/79
11/ 2/79
21/ 2/79

-

10/12/78
20/12/78
31/12/78
10/ 1/79
20/ 1/79
31/ 1/79
10/ 2/79
20/ 2/79
5/ 3/79

40 0 E
50 0 S

0

to 180 E,
to 60 0 N

Operational
processed
data

1.Surface - 00,06, Hardcopy
12 & 18 GMT;
850 mb, 500 mb
and 200 mb at· i
00 & 12 GMT.
Analysed and
unanalysed.
2.700 mb - 00 &
12 GMT. Unanalysed only.
3.Wx briefing notes:

Mi·crofi lm

1/12/78
16/12/78
1/ 1/79
16/ 1/79
1/ 2/79
16/ 2/79
1/ 3/79
1/12/78
1/12/78

-

15/12/78
31/12/78
15/ 1/79
31/ 1/79
15/ 2/79
28/ 2/79
5/ 3/79
5/ 3/79
5/ 3/79

As per operational
charts, generally
70 0 E - 160 0 E,
25 0 S - 50 0 N

NOAA P3,
NCAR ELECTRA.
HONG KONG
ISLANDER

Hinter MONEX
research
aircraft

As ava il ab1e

Microfilm

1/12/78
7/12/78
11/l2/78
16/12/78
25/12/78

-

6/12/78
10/12/78
15/12/78
24/12/78
31/12/78

South China Sea

Hardcopy

I

I

Satell ite
pictures

I
I, .Wi nter MONEX Radar
I research shi ps
;2.BINTULU
l

AREA
South China Sea
and East Indian
Ocean

GTS (Winter
MONEX Operations Centre,
Malaysia)

IGMS

I

):>

PERIOD
5/12/78 - 30/12/78
15/ 1/79 - 14/ 2/79

00,03,06,09,12,
16,18,21 mH

Hardcopy

Microfilm

1/12/78 - 31/12/78
1/ 1/79 - 21/ 2/79
22/ 2/79 - 5/ 3/79

1.As available

Photographs Microfilm

7/12/78 - 29/12/78

;

,
I

Full disk centred
on 140 0 E

..

2.Hourly

8/12/78 - 31/12/78

South part of
South China Sea
near Borneo

"'0
"'0
fTI

Z

Cl
.....

><

c...
~

:'
01
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WDC-A will be supplying the complete background data set to WMDC as soon as it is received.
It is antitipated that these data will arrive in MalaJfsia in November 1979. The Level II-b
Space Based and Special Observing Systems Data Centre in Sweden has offered to supplv the
PGGE background data to the Winter MONEX Level II-b Data Centre consisting of all FGGE data
collected during the Winter MONEX period over the area 40 0 E to 180 0 , 50 0 S to 60 0 N. These
data are expected to arrive at the WMDC around January 1980.
The Winter MONEX Level II-b data managers co-ordinated with their Summer MONEX
counterparts to develop common MONEX data formats for precipitation, radiation, agrometeorological, radiometersonde and radar data (for which FGGE formats do not exist). The Sixth
Planning Meeting for MONEX approved these formats. Co-ordination is presently being carried
out on these MONEX formats with FGGE data managers and CBS.
The FGGE Data Catalogue from WDC-A will contain the Winter MONEX data set categorized
into three types: Quick-look data, Level II-b data and Special data. Certain data for inclusion in the Level II-b, merged data set will be sent to the WDCs, as received, for immediate
use by research scientists as additional Quick-look data. The deadline for delivery of Special
Winter MONEX data to the WDCs is August 1980. The delivery deadline for Winter MONEX Level
II-b data is March 1981, at which date the Quick-look data set will be no longer available
from the WDCs.
It is expected that the Winter MONEX Level II-b and Special data set will consist
of an additional 20 magnetic tapes - 14 of the former and 6 of the latter. It is anticipated
that approximately 7 days of Level II-b data will be put onto one tape. In addition, 12 rolls
of microfilm of radar imagery will be added to the Winter MONEX Special data beyond the 18
rolls already available. Estimates of other contributors' volume of magnetic tapes and microfilm are presently unknown.
Staffing problems and lack of adequate expert secondments to the \~MDC has necessitated a change in the plan for producing the Winter MONEX Level II-b Data Set by March 1981.
First, Winter and Summer MONEX Data Centres will co-operate as far as possible to eliminate
duplication of programming and data processing for converting data to fGGE and MONEX formats.
Secondly, the Level II-b Space Based and Special Observing Systems Data Centre in Sweden will
be approached to assist the WMDC in merging and quality control of the FGGE-formatted data.
The Data Sub-centres for Winter MONEX are expected to complete their work by April
1980 (May 1980 for the Commercial Ship Data Sub-centre). At present, the work of the Data
Sub-centres is progressing on schedule with some Data Sub-centres having delivered data already
to the WMDC. Increased efforts to get all possible data exchanged between participating
countries are being undertaken.
The WMO will continue to monitor the Winter MONEX Level II-b data flow on a quarterly
basis and provide reports on the progress of Winter MONEX data management through the Winter
MONEX Newsletter series. Additionally, the WMO will keep track of Winter MONEX research
activities and report on these also in future Winter MONEX Newsletters.
A Special Note of Thanks
The Director and staff of the International MONEX Management Centre in Kuala Lumpur
sincerely thanks all the countries and individuals who took part in the Winter Monsoon Experiment and helped to make it a success. Special mention is given to WMO and the GARP Activities
Office for their constant support and guidance. The co-operation and assistance given by the
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various affected departments in the Malaysian Government is also much appreciated. In addition, special thanks go to the USA and especially NSF for its generous support of this project with people, observing platforms and equipment; to the USSR for its diligent collection
of ship data and prompt transfer of data in FGGE format; to China for the secondment of six
experts to the IMMC; to Saudi Arabia for the secondment of a telecommunications expert; to
Hong Kong for its secondment as well as for providing a Winter MONEX ship and research aircraft,
helping with the daily collection of GTS data and issuing of daily cold surge forecasts; to
Singapore for their assistance in many areas especially in the transfer of Soviet ship data;
to the Philippines for their help with the USA portable upper air stations; to Indonesia for
the secondment of a forecaster and their help with the automatic surface stations; to Thailand
for their prompt action in getting the necessary GTS data to the WMOC; to Australia for its
secondment of a forecaster; to the Typhoon Committee Secretariat for its help with the Winter
MONEX radars and to the many other countries and organizations who gave of their time and
effort to help us along the way. Besides receiving training, the four WMO/UNDP Fellows from
Singapore, Thailand and Indonesia (2) provided great help in completing the tasks of the WMOC
and their wok is much appreciated. Many members of the Malaysian Meteorological Service who
were not actually seconded to the Centre performed vital functions for Winter MONEX without
which the operations could not have succeeded. Their assistance was vital and we all very
much thank them for their support.
We feel it was a pleasure working with everyone of the people involved with Winter
MONEX during the past few months and look forward to our continued association in the future.

APPENDIX K
REPORT OF ACTIVITIES OF
INTERNATIONAL MONEX MANAGEMENT CENTRE (SUMMER)
SUMMER MONEX OPERATIONAL PHASE ACTIVITIES
Operations Centres
The field phase of Summer MONEX lasted from 1 May to 31 August 1979. Summer MONEX
1.
Operations Centres (SMOCs) were set up consecutively in Bombay and Calcutta. The operational
period was divided in two parts: the Arabian Sea phase and the Bay of Bengal phase. The
Arabian Sea phase was from 1 May to 30 June 1979 and coincided with SOP~II of FGGE. The
Bay of Bengal phase extended from 1 July to 31 August 1979.
2.
The SMOC Bombay was set up on 25 April 1979 and continued upto 30 June 1979 to cover
the Arabian Sea phase. The SMOC at Calcutta "functioned from 28 June 1979 to 2 August 1979.
Around 150 scientists from U.S.A. and 100 scientists from India participated in MONEX Operations at these Centres. In addition, 18 scientists from 10 countries took part in the operations centre activities. Thirteen of these eighteen scientists received aid from WMO and
UNESCO. The Summer IMMC appreciates this support from WMO and UNESCO.
3.
Dr. A.K.Mukherjee of India Meteorological Department was Director of both Operations
Centres. The SMOCs were located at theCentaur Hotel, Bombay and the Airport Hotel, Calcutta.
The hotels were used because they were close to the airports used by" MONEX aircraft. The
support of the liovernment of India in making these government sponsored hotels available
to MONEX is greatly appredated.
Aircraft Operations
4.
Four aircraft, three from U.S.A. and one from India took part in research missions.
These aircraft conducted flights over Saudi Arabiaand,the Arabian Sea on the dates indicated
below:
Arrival Date

Aircraft
Saudi Arabia base:
"CV-990
NASA (USA)
Bombay base:
NASA (USA)
NCAR (USA)
NRSA (India)
NOM (USA)

CV-990
Electra
AVRO
P-3

Research Missjons

4 May

5May

18 May

29 May*
1 June
16 June
17 June

25 May
11 June
12 June

to 14 May
·,to
to
to
to

27
27
27
27

June
June
June
June

* The CV990 arrived in India on 18 May having waited in Saudi Arabia for Government of
India approval of the USA/India bilateral agreement on MONEX. Upon arrival in India
completion of customs formalities caused another ten day delay.
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5.
The U.S.A. research aircraft had dropwindsonde capability and were equipped with
sensors for measuring temperature. pressure. wind and humidity; cloud physics elements.
cloud droplets and hydrometeors. liquid water content. apparent sea surface temperature.
radiation measurements and cloud photography. The USA aircraft generally flew between
25.000 and 35.000 ft. The Indian aircraft. flying at 5.000 to 10,000 ft recorded observations of the wind, pressure, temperature, humidity and liquid water content.
6.
In all, 51 flights were made during the Arabian Sea phase.
objectives of the aircraft programme were:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.

The main scientific

Radiation studies over Saudi Arabia, Arabian Sea and India
Onset of monsoon
North equatorial trough
South equatorial trough
Arabian Sea depressions
Mid-tropospheric cyclones
Somalia low level jet
Sub~cloud layer survey.

7.
At the end of SOP-II, MONEX research aircraft activity moved to Calcutta. Two USA
aircraft (P-3 and Electra) and the Indian AVRO aircraft participated in the Bay of Bengal
phase. The P-3 arrived on 1 July and the Electra on 4 July. The Indian AVRO arrived on
11 July. The P-3 lost an engine on 8 July and was taken out of the programme. The Electra
broke a front windshield On 24 July and left the programme. The AVRO continued operations
upto.20 August. In all, 31 flights were undertaken in this phase covering the following
scientific objectives.
i.
Monsoon depression
it. Monsoon trough
Hi.
Large scale flow during break monsoon
,iv.. Sub-cloud layer survey
v. .Cloud physics and dynamics survey.
An intercomparison between an upper-air ascent of a USSR ship, a dropwindsonde,
8.
and an aircraft sounding was carried out as part of the sub-cloud layer survey by the Electra
in the Bay of Bengal phase ..
Ship Operations
9.
Five USSR research ships: Atademik Korolev (UHQS), Academic Shirshov (UMAY),
Priliv (EREC), Priboy (EREH) and Volna (EREB) and four Indian research ships: Deepak (VWVJ),
Betwa (VWMG), Darshak (V\~NK) and Gaveshani (ATNN) recorded meteorological and oceanographic
observations during MONEX over the equatorial Indian Ocean, the Arabian Sea and the Bay of
Bengal. Real time data from these ships were received by the Summer MONEXTeTecomiTlLmication
Centre (SMTC) at Bombay. The SMOCsalso provided weather information and data required by
these ships during their cruises through this communication centre. One French ship,
Marion Dufresne, cruised along the equator between 52 and 62 0 E and off the Somalia Coast
between the equator and 12 0 N during May and June. It took four soundings per day. No real
time contact could, however, be establiShed between this ship and the Sr~TC. Two Bangladesh
ships participated in the Bay of Bengal phase. Two USA and one UK ship dedicated to the
Indian Ocean Expedition (INDEX) and the TWOS,. also took meteorological observations including
upper air ascents which will become part of the MONEX data set.
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Table K.l - Summary of Aircraft Flights during Summer MONEX
Aircraft - CV 990
Base

No. of Missions

Saudi Arabia base
Bombay base
Total

6
15
21

Flying Time
33 hrs 43 min
80 hrs 26 min
114 hrs 09 min

DHS launched
48
137
185

Aircraft - Electra
Bombay base
Calcutta base

97 hrs 28 min
62 hrs 24 min
159 hrs 52 min

128
118
246

Total

Aircraft - P-3
61 hrs 55 min
7
39 hrs 25 min
5
12
101 hrs 20 min

94
44
138

Total

Aircraft - AVRO
9
37 hrs 27 min
16
72 hrs 08 min
109 hrs 35 min
25

Total
Bombay base
Calcutta base

Bombay base
Calcutta base
GRAND TOTAL

14
10
24

82

484 hrs 56 min

569

10.
The USSR ships recorded surface and upper-air meteorological observations as well
as BATHY and TESAC oceanographic observations. They transmitted them in real time to the
SMTC, Bombay. In addition they recorded surface radiation and radiometersonde observations
and measured ocean currents. The USSR upper-air observations were made by radar wind/radiosonde. Two complete Navaid upper-air sounding systems with read-out capabilities were installed on the Indian ships (Deepak and Darshak) and one basic (non-readout) version of the
Navaid was installed on I.N.S. Betwa. An Omega Upsonde System (similar to the Navaid.) developed by the Indian Space Research Organization was installed on R.V. Gaveshani. Deepak
and Darshak transmitted upper-air data to the SMTC in near real time. All Indian ships
transmitted their surface observations to the SMTC.
11.
The USSR cruises along the equator and in the Arabian Sea were as follows:
After
leaving Singapore and making an intercomparison, they moved in a polygon formation along the
equator. SMTC (Bombay) started receiving observations from 23 April when they had reached
near OON, 85 0 E. After calling at Mombasa towards the first week of May, the ships moved into
the Arabian Sea where they formed two stationary golygons, first from 16-30 May (centre 6.5 uN,
57.00 E) and the second from 2-14 June (centre 7.0 N, 66.7 0 E). During the first polygon,
the fifth ship (Priboy) took observations from a stationary position at 00 0 , 49.0 0 E from
16-25 May. During the second polygon, this ship was positioned at the centre of the polygon.
During this phase the three Indian ships recorded observations in the following stationary
positions:
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Darshak

- 9.0 oN, 68.00 E

2 May - 13 May
25 May - 6 June
21 June - 27 June

Deepak

- 15.0oN, 65.0 0 E

18 May - 8 June
20 June - 26 June

Betwa

- 7.5 oN, 87.5 0 E
13.0 oN, 87.50 E

1 May - 22 May
23 May - 30 June
30 May - 14 June

RV GaVeshani cruised off the west coast of India.
At the end of the Arabian Sea phase, Volna left the Indian Ocean. As the USSR
12.
ships could not bunker fuel at Colombo (as per original plans), they had to go to Singapore
instead. This called for a major adjustment in their plans for the Bay of Bengal phase,
i.e. skipping the third planned stationary polygon from 27 June to 3 July at 9.0 0 N, 89.0 0 E
and also re-scheduling of the fourth stationary polygon.
13.
On return from Singapore, the USSR ships entered the Bay of Bengal on 8 July and
immediate1 moved to the north Bay to form a stationary polygon from 11-23 July centred at
16.20 N, 89 E. During this period three Indian ships were located along 89 0 E at 7.5 0 N,
10.OoN and 12.50 N, respectively. Upon the advice of the SMOC, India positioned the Gaveshani
at 13.00 N, 85.0 0 E to fill a data gap there. After the USSR ships left on 23 July, the Indian
ships took up their positions and remained on station until 31 July 1979. The USSR flag ship
Korolev visited Calcutta on 24 and 25 July, when an intercomparison was made between the USSR
and Indian radiosonde devices. Two Bangladesh naval vessels also took oceanographic and
hydrographic observations near 20 0 N, 89 0 E.

6

Satelli te Data
14.
During the Arabian Sea phase, a USA APTjWEFAX receiver was installed from 25 April
1979 at SMOC Bombay to receive high quality cloud images every 6 hours* from the GOES-Indian
Ocean geostationary satellite relayed through METEOSAT. This service was provided by the
European Space Agency. The USA equipment also received images from the polar orbiting
satellites TIROS-N, NOAA-A and METEOR. In addition, equipment operated by the t~eteorological
Department of India also received pictures from polar orbiting satellites.
15.
The APTjWEFAX united was moved from Bombay to Calcutta for the Bay of Bengal phase.
This unit was backed up by an APT united prOVided by India. Both received polar orbiting
satellites. Time constraints prevented an attempt to transfer GMS imagery received in
Bangladesh to SMOC Calcutta.
Telecommunication and Data Reception
16.
Real time data were received on the Global Telecommunication System (GTS) at New
Delhi, for which a MONEX Telecommunication Control Centre (MTCC) was set up at Regional
Telecommunication Hub (RTH), New Delhi. Special telecommunication arrangements were made
for:
* Due to the erratic behaviour of the infra-red imager on GOES-Indian Ocean, this was often
1imited to twi ce a day vi sua1 images.
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i.
ii.
iii.
iv.
v.
vi.

Communication between SMOC, Bombay and Meteorological Office, Bombay Airport
Exchange of MONEX ship data
Balloon data and GOES-Indian Ocean data
MONEX research aircraft
Dropwindsonde, FGGE Operations
FGGE Operations Centre, Geneva.

Enhancement of Meteorological Observations in India
17.
During the field phase of MONEX a number of special upper-air stations were installed. India established 10 Wind Finding Radar Stations. Out of these stations Amini Devi
provided data over the Arabian Sea, Car Nicobar over the Bay of B~ngal and Gopalpur, Balasore,
Dogha and Pendra provided data over the track of monsoon depressions from the Bay of Bengal.
The frequency of upper-air observations was enhanced at a number of stations in India.
Radiometersondes
18.
The Radiometersonde programme for Summer MONEX was satisfactory. Eight land stations
over India took radiometersonde ascents' once a week in May, June and August and every alternate
day during July 1979. Radiometersonde ascents were also taken on board the USSR ships and
Indian ship Datshak. In addition, radiometersonde ascents were made from Diego Garcia (from
mid-May) and Kathmandu (from mid-July).
Radar Observations
19.
Special radar observations during MONEX were made at the six S-band radars located
at Calcutta, Paradeep Visakhapatnam, Madras, Bombay and Goa. Coded radar data were received
from Bangladesh (Cox's Bazar) during the Bay of Bengal phase.
Boundary-layer Research
20.
The Boundary-layer programme of Summer MONEX was conducted at Digha, India, near
the head of the Bay of Bengal. Under this programme, fluxes of water vapour, sensible heat
and momentum were measured from a 10 metre tower erected on Digha beach by a USA team.
Rocketsondes
21.
Rocketsonde observations were arranged at t~ree land stations (Thumba, Shar and
Balasore) and on one USSR ship. One to two launches per week were undertaken.
Field Phase Research/Scientific Discussions
22.
SMOCs Bombay and Calcutta provided an opportunity for MONEX scientists to discuss
different aspects of the Summer Monsoon. Weather analysts and field phase scientists kept
a close watch on different phases of the monsoon. The field phase scientists co-ordinated
with weather analysts to provide proper emphasis on the major scientific objectives of the
experiment. Ten scientific seminars were organised at Bombay and three at Calcutta covering
different aspects of the monsoon.
23.
A field phase research group was formed in Bombay. While almost all MONEX scientists
participated in this activity, the WMO and UNESCO fellows provided the backbone of the effort.
They continued research work while in Calcutta SMOC.
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24.
After the USSR Flag Ship Korolev called at Calcutta on 25 July 1979, a symposium
was organised on 26 and 27 July 1979 to discuss the preliminary results of MONEX utilising
the field phase data sets. The symposium was inaugurated by Dr. P.K.Das, Director General
of Meteorology and Director, International MONEX Management Centre. Over 20 scienists from
different countries presented their contributions. A volume containing preliminary research
results of MONEX is presently in the editorial stage; so far about 60 papers have been
pledged and many of these received at the IMMC.
System Status and Weather Reports
25.
Status of the Summer MONEX Observation system was carried out by the SMOC in Bombay!
Calcutta and the IMMC in New Delhi. The SMOC had the responsibility of obtaining information
on the satellite reception, aircraft, some ships and low level balloon operations as well as
the local radar. IMMC monitored FGGE ships, radiometersondes and radars. IMMC co-ordinated
and sent a status report to FGGE Operations Centre every three days. The SMOC reports were
logged on special forms and will be part of the Summer MONEX Level II-b Data Set.
26.
In addition to verbal presentation of current and forecast weather conditions
given at the daily briefing, the weather briefing officer provided the SMOC with a written
report which will become part of the r~ONEX data set.
SUMMER MONEX DATA"MANAGEMENT
27.
Summer MONEX data management to date can be divided in two parts: Field Phase
data management and Post-field Phase data management. Post-field Phase data management can
further be divided into: Quick-look data management and Level II-b data management.
Field Phase Data

t~anagement

28.
Quick-look data from MONEX research aircraft together with satellite data were
collected by the SMOC Data Centres at Bombay and Calcutta.
The data collected by the SMOC Data Centres were:
-

MONEX aircraft data
Geostationary Satellite: GOES - 10
Polar orbiting satellites: METEOR and TIROS-N
Daily weather analysis prepared at SMOC.

29.
The aircraft data collected consisted of flight-level data, dropwindsonde data,
observers log, flight track, debriefing report and notes by on-board scientists. At the
end of each research mission, these data were collected by this centre. A complete inventory of the data collected on each flight mission was prepared immediately after the return
of the crew. Three sets were prepared to provide copies to USMPO, Indian MONEX Project and
field phase scientists.
30.
A copy of the data recorded by USSR ships was handed over to the SMOC at Calcutta,
when the USSR flag ship Korolev called at Calcutta at the end of the Bay of Bengal phase.
These data were passed on to the MONEX Quick-look Data Centre, New Delhi.
31.
GTS data during MONEX at the Quick-look Data Centre, New Delhi were received through
a message switching computer set-up at the Regional Telecommunication Hub (RTH), New Delhi.
The interface of this computer with data processing computer at New Delhi RMC was made through
a computer tape converted into an EBCDIC character code. The following contingency arrangements were made to cover any failures:
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Convert computer tape written in ASCII into EBCDIC code using a supervisory
conversion programme through processing system.
- Punch paper tape through the switching system.
32.
These contingency arrangements were, however, not operated except for 3 days as the
normal interface mode worked satisfactorily throughout the operational phase.
33.
GTS data reception was monitored regularly, and originating telecommunication centres
requested to send missing data. The quality of reception from AFrican area was generally
inadequate. Figure K.l shows the percentage of expected SYNOP data which were received at
RTH, New Delhi from different data blocks during Summer MONEX. These figures are representative of GTS data reception (both SYNOP and TEMP) during the Field Phase of Summer MONEX.
34.
The operational weather maps prepared at the RMC, New Delhi at 0000 and 1200 GMT
are also Quick-look data for r'fONEX. These cha rtsare for surface, 850, 700, 500, 300 and
200 mb.

Post-Field Phase Quick-look Data Management
35.
Quick-look Data Management Plans were finalized by the Fifth Planning Meeting for
MONEX. In agreement with previous plans, the Quick-look Data Centre started functioning
at New Delhi from 1 May 1979.
36.
The development of software for MONEX data processing had started about a year
earlier in May 1978. During this time, programmers under the supervision of a senior level
programming consultant from India Meteorological Deprtment developed the software which
covered sorting, decoding, and putti ng in FGGE format the fo 11 owi ng types of data , after
applying telecommunication and station location quality control checks:

- Surface, land and ship ~ata
- Upper air, land and ship data.
Software for sorting and putting BATHY and TESAC observations on FGGE formats was also developed.
37.

The personnel presently working in the Data Centre consists of:
Data Processing:
Data Processing Consultant
Prograrruners

- 2

Data Management:
Quick-look Data Manager
Senior Level Analysts
Technical Assistants

- 2 to 3
- 12

- 1

- 1

38.
Data so far recei ved at Qui ck-l ook Data Centre other than those recei ved through
GTS are listed in Table K.2.
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Table K.2 - Summary of the Quick-look Data Received at Summer MONEX Data. Centre
1.

Research Aircraft Data:
Aircraft:
CV 990
No. of flights:
21

Electra
24

P-3
12

AVRO
25

Total
82

2.

Weather Charts prepared at Sf,10C Bombay and Calcutta for the period 26.4.79 to
27.7.1979

3.

Satell ite pi ctures received at SMOCs

4.

GOES

5.

Russian ship data on magnetic tape in FGGE format and computer print-outs
containing:

picture~

received from CEMS lannion for July and August 1979

i.
ii.
iii.
iv.
v.
vi.

Surface observations
Upper air TEMP data
BATHY, TESAC data
Surface Radiation data
Radiometersonde data
Current meter data of 1st and 2nd Stationary Polygon positions in the
Arabian Sea
vii. Daily precipitation data
6.

Copies of Indian Ships TEMP messages and surface observations (received from
India MONEX Directorate)

7.

GOES Wind data on magnetic tape in FGGE format received from Wisconsin University
for the month of May-June 1979

8.

Copies of the teleprinter sheets containing meteorological data from Afghanistan
for ~he period May-August 1979

9.

Precipitation, f~ax/Hintemperature and upper wind data from Masirah for the
period May-July 1979

10.

Copies of TEMP messages from Diego Garcia for the month of May-June 1979

******
39.

The current status of Quick-look Data Set is:
- Data received on GTS
The data received onGTS have been processed. Surface and upper air data
have been put on magnetic tape in FGGE format. Oceanographic (BATHY and
TESAC) data are being put in FGGE format.
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- Research aircraft:
a. Dropwindsonde data at standard levels and significant levels have been
extracted from original printout. The data have been tabulated, printed
and given limited distribution.
b. Aircraft track data:
The research aircraft track data have been compiled and printed.
c. The debriefing reports are being prepared for microfilming.
should begin in late November or early December 1979.

Microfilming

- Ship data:
a. The USSR and Indian ships' data recorded in their stationary positions have
been printed in form of vertical cross-sections for the Arabian Sea and for
the Bay of Bengal. These volumes have been distributed to research organizations.
b. Work is in progress for printing MONEX ship data in a tabular form.
- The operational charts of RMC, New Delhi are being arranged and the analysis
is being completed for microfilming. Microfilming work is expected to be
completed by February 1980.
40.
Quick-look data on megnetic tapes and microfilms will be completed for transmission
to WDCs between January and March 1980.
41.
Estimates of Quick-look data volume and time schedule of Quick-look data management
activities have been assessed in consultation with Summer MONEX Data Centre and India
Meteorological Department. They are given in Tables K. 3 andK. 4.
Level II-b Data Management
42.
Recpetion and processing of non-real time data will form an important component of
Level II-b data management activity. The participating nations have been requested to provide their non-real time data in a delayed mode to IMMC, New Delhi. The final formats on
which these data will be stored on magnetic tapes were discussed by the Fifth Planning Meeting
and subsequently revised. These formats were finalized by the Sixth MONEX Meeting, so as to
ensure uniformity of Winter and Summer MONEX data format. Modalitips of putting these data
on magnetic tapes will be finalized shortly.
43.
users.
data.

WDC-A has indicated its willingness to archive MONEX data set for distribution to
A request has been addressed to WDC-B for agreeing to archive and distribute MONEX

44.
Estimates of the volume of the Level II-b data set and a revised version of the time
schedule of Level II-b data management activities have been drawn up. These are given in
Tables K. 5 and K. 6, respectively.
45.
The Government of India have agreed to continue to host the International MONEX
Management Centre, New Delhi under existing terms till the end of the data management phase
on 1 September 1981.
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Table K.3 - Estimates of Quick-look Data Volume

Data Type

GTS history tapes (RTH New Delhi)

Media

Tape

Total number of
characters, pages,
photos or frames
10

8
6

characters

16 tapes

MONEX aircraft dropwindsonde data* Tape

10

List of GTS upper-air data
received at RTH New Delhi*

Microf i Im

106 characters

I roll

MONEX/FGGE aircraft standard
fl ight level (I sample per min)*

Microf i Im

0.8 x 10 6
characters

I roll

MONEX aircraft debriefing
packages

Microfilm

6400 pages

6 or 7 ro lis

2 rolls

MONEX aircraft fl ight tracks

characters

Total number of 2400',
800 BPI tapes or microfilm rolls

Microf i Im

800 frames

Synoptic Analyses

Microfilm

1464 charts +
header information

Satel lite Jmagery

Microfi Im

GDES-10=12Z photos
(France provides)
TIROS-N=244 photos
(uS prov ides)
GMS=732 photos
(Japan/US provides)
METEOR=IOO photos
( IMMC prov ides)

*

Indicates no firm commitment

tape

Included in
debriefing
packages

Lists or depictions of MONEX
aircraft dropwindsonde data,
aircraft fl ight tracks, ship
upper air data, radiometersonde data*

Radar Imagery

1

Mi crof i Im

3000 to 4000 photos

4 (one ro 1·1 for
each month
I roll
I roll
3 rolls
I roll

6 to 8 rolls
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Table K.4 - Implementation milestones for Summer t10NEX Quick-look Data Management
(as of 31 October 1979)

Dead I i ne

Milestone

Respons Ib i I ity

Remarks

GTS History Tapes
Data processed and reformatted to FGGE format

15

Nov

Data Processing Group
(DPG)

95% finished need to work up
8,9,10 July which came in on

paper tape
Qua I Ity Contro I

Completed

DPG

Inventory of history tapes

30 Nov

Manager,Summer MoNEX
Data Centre

Data transferred to

31 Dec

Director, Summer MoNEX

Inventory packages from
Bombay/Ca Icutta
.

Completed

Manager, Summer MoNEX
Data Centre

Review packages for com~
pleteness and items not
able to be microf i Imed

Completed

Microfi Im Group

Arrange pages to ensure
unform exposure size

Comp Ieted

11 icrof i Im Grou p

Touch up diagrams and
notes when possible

20 Nov

Microfi Im Group

Lable each section and each
page

20 Nov

~1

Microfilm packages

15

Dec

Dupl icate two copies

15

Jan 80

Data transferred to WDCs

31 Jan 80

Director, Summer MoNEX

Inventory

Completed

Analysis Group

Back plotting MoNEX dropwindsonde, MoNEX Ships,
AVRo fl ight level

Completed

Analysis Group

~~DCs

Station check, telecom. and
coding checks only

. MoNEX AIrcraft deb r ief i ng
packages

icrof i Im Group

, Summer MoNEX
Data Centre

~1anager

Negative to negative;
Poona ( ?)

at

Synoptic Analyses

./ ...
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Table K.4 (continued)
Mi Iestone

Dead I i ne

Remarks

Responsibi I ity

Retouch and label for microf i Imi ng

30 Nov

Analysis Group

May, June completed

Microfi Im Analyses

15 Dec

Manager, Summer MONEX
Data Centre

at New Delhi

Dupl icate two copies

15 Jan 80

I~anager ,

Summer MONEX
Data Centre

Negative to negative;
Poona (7)

Data transferred to WDCs

31 Jan 80

Director, Summer MONEX

Dupl icate GMS microfi Ims,
if made ava i Iab Ie

20 Feb 80

Manager., Summer MONEX
Data Centre

Dupl icate three copies of
GOES-IO send to WDCs and
India

20 Feb 80

Laboratoire M§teorolo- Negative to negative
gie Dynamique (France)

Microfi Im Meteor imagery
avai lable at SMOCs

20 Feb 80

Manager, Summer
Data Centre

Dupl icate Meteor microfi Ims
and send to WDCs

28 Feb 80

Manager, Summer MONEX
Data Centre

Data transferred to WDCs

25 Mar 80

Director, Summer MONEX

Inventory and fi Im
del ivery

30 Nov

Each radar station

Co-ordinated by Manager,
Summer MONEX Data Centre

Qual ity check fi Ims

31 Dec

Microfi Im group

Delete bad frames

Dupl icate two copies

15 Feb 80

Manager, Summer MONEX
Data Centre

Data transferred to WDCs

25 Feb 80

Director, Summer MONEX

at

Satel I ite Imagery

~10NEX

Negative to negative

SUbject to approval by Director, Summer MONEX as copies
incomplete and graying out
As above

Radar Imagery
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Table K.5 - Estimates of Level II-b Data Volume
Data Types

Media

Tota I Number of
characters, pages,
photos or frames

Total Number of 2400'
800 BPI tapes or
microfi Im rolls

Merged Data Sets
FGGE

Tape

16 tapes

SPecial MONEX Data, AIREP, Satel I ite
winds, Shiprep, BATHY/TESAC, Dribu,
Dropwindsonde Aircraft standard
fl ight level (2/hr)

Tape

3 tapes
19 tapes

Non-Merged Digital Data
Constant low level balloon
Surface radiation
Radiometersonde
PrecipItation (dai Iy)
Precipitation (hourly)
Commercial ships
Metar
+

Tape
Tape
Tape
Tape
Tape
Tape
Tape

I x 10
5 x 10

6

I tape

.3 x 10

22 x 10
5 x 10

2 tapes

6

6

2 tapes

6

I tape

2.6 x 10
2. I

I tape

6

x 10

6
6

I tape
I tape

Radar Reflectivity

Agrometeorological

Tape

1

Research Aircraft Standard f light
level (I/min)*

Tape

I tape

Commercial Alreps

Tape

Satel lite Wi nds

Tape

8 x 10

6

10 x 10

I tape
6

I tape
6

Tape

.05 x 10

Radar Imagery

Microf i Im

3000 to 4000

Satel I ite Imagery

Microf i Im

Rocketsonde

tape

I tape

Mi crof i 1m Data
+

+

Synoptic Data Lists

Research Aircraft Tracks

* indicates no firm commitment
+

i nd icates no longer cons i dered in data set

200

6 to 8 ro 1I 5

4 rolls
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Table K.6 - Implementation r1ilestones for Summer MOfJEX Level II-b Data r·1anagement
(as of 31 October 1979)
Mi I estone

Dead I i ne

Responsibi I ity

Appoint Level I I-b Data Centre
Manager

I J an 80

Director, Summer MONEX

Identify Level I I-b staff and
final ize organizational set-up

20 Jan 80

Leve I I I-b Data
Manager ( L I I-b DMl

Assemble mai I ing addresses of
al I potential Summer MONEX
data producers

30 Jan 80

L II-b DM

Review and final ize data type
inputs

30 Jan 80

L II-b DM

Final ize arrangements for keypunching directly to magnetic
tape

15

L II-b

Complete monitoring of FGGE,
subset for RTH New Delhi
GTS merging

15 June 80

Data Process i ng
Group WPGl

Strip out FGGE tapes for
MONEX area

15 Mar 80

DPG

Merging routines final ized

15 Aug 80

DPG

Qual ity checking routines
final ized (merged; nonmergedl

15 Sept 80

DPG

Reformating routines
final ized (non-mergedl

I Oct 80

~1ar

80

Key punching routines
I Oct 80
f i na I i zed (non-merged l
AI I data to be merged ready to go 15 Sept 80

DM

Remarks

6

41 x 10 characters
current estimate

May be done by FGGE
Data Centre (Swedenl

DPG
L II-b DM

Prepare test tape of merged data
and send to WDC-A

20 Sept 80

Document and inventory merged
data

20 Oct to
20 Dec 80

Documentation Group

Merging and qual ity control
starts

200ct 80

DPG

Merging and qual ity control
ends

20 Dec 80

DPG

End dissemination of merged
data set to WDCs

31 Dec 80

L II-b DM, Director,
Summer MONEX

Response expected by
20 Oct 79

lData to be disseminated
lto WDCs in two week batches
l as in FGGE (with doculmentation and data inlventory

./ ...

APPENDIX K, p. 16
Table K.6 (continued)
Mi lestone

Dead I i ne

Respons ib i I ity

No more non-merged data accepted

15 Apr Si

L

Key punching finished

I June SI

Key punching group
(DPG)

Begin preparation non-merged
tapes

15JuneSI

DPG

End preparation of non-merged
tapes

I AugSI

DPG

Document and inventory non. merged data

15 Aug SI

Documentation Group

Complete dissemination nonmerged data tapes to WDCs

I Sept SI

L I I-b OM; Director
Summer MONEX

Remarks

II-b OM
Digitizing hard copy
data

Summer MONEX Data Centre
closes, IMMC ceases operation; disseminate tapes
(with documentation) to
WDCs as available.

APPENDIX L
REPORT OF THE CHAIRMAN OF THE WAMEX SCIENTIFIC AND MANAGEMENT REGIONAL COMMITTEE (WSMRC)
1.

INTRODUCTION

1.1
The WAMEX Scientific and Management Regional Committee (WSMRC) was formally established in October 1977 by a decision of the Second Planning Meeting for WAMEX (Geneva, 10 14 October 1977). Mr. Samuel Mbele-Mbong, Director of the Cameroon National Meteorology,
was elected, first as Interim Chairman of the WSMRC at the preparatory meeting of the Committee (Geneva, 14 October 1977), then later as Chairman at the First Session of the Committee
(Ibadan, 6 - 10 November 1978).
1.2
The Regulations applicable to the WSMRC (Appendix G, Reference 1), require that
the Chairman of the WSMRC submit a report at each session of the Executive Committee Intergovernmental Panel on the FGGE (EC/IGPF).
2.

ACTIVITIES OF THE WSMRC SINCE THE SIXTH SESSION OF THE EC/IGPF

2.1

Sessions of the WSMRC

2.1.1
Since the Sixth Session of the EC/IGPF (Geneva, 26 - 30 June 1978), two sessions
of the WSMRC have been held, and a third one is being planned.
2.1.2
The First Session of the WSMRC was held in Ibadan, Nigeria from 6 to 10 November
1978. Eleven of the twenty-seven participating countries and Organizations sent delegates.
The session concentrated on the discussion of the draft of the Implementation/Operations Plan
submitted by the various Working Groups and the Secretariat. It agreed that certain aspects
of the data management system were still inadequately proVided for in the draft plan, and
that urgent remedial action by the WSMRC Working Group concerned was required prior to the
second session of the Committee. The research programme to be implemented once the data have
been collected and processed was also discussed. In this respect, the Session called on all
participating countries/organizations to finalize and send to GAO the inventory of their research intentions, and to give consideration to the existing GATE data as an additional tool
forWAMEX research. In addition, the Ibadan session reviewed the commitments of the participating countries/organizations, established the requirements of the Analysis and Operations
Centre in Lagos, particularly concerning the personnel, and approved the choice by the host
country of Mr. Rufai as the Director for this Centre. The Report of the session was published
as GARP Special Report No. 31 (Reference 2).
2.1.3
The Second Session of the WSMRC was held in Douala, Cameroon, from 26 to 30 March
1979. Fourteen Countries/Organizations took part. The major part of the session was devoted to the detailed discussion of the Implementation/Operations Plan which had been prepared
by the Committee's Working Groups. The Plan was finalized and approved. It was subsequently
published (Reference 3) in time for the beginning of the field phase of the Experiment. The
commitments of participating countries and Wt10's assistance were also examined and finalized.
The session was informed that thanks to WMO support through the VAP and bilateral arrangements,
most countries would be in a position to realize the required programme of observations, particularly to carry out two upper-air observations per day for the entire WAMEX period, and
that some 10 key stations would be able to make four soundings per day during the l-month intensive period (15 July - 15 August). The session was also informed that WMO would award a
number of fellowships to allow forecasters/analysts from participating countries to work
during the field phase at the Analysis and Operations Centre in Lagos.
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2.1.4
The session also considered the questions of data quality, data management and research. In this respect, the role of each WAMEX Data Centre was clarified (Section 4.2 of
Reference 4). Furthermore, the Committee particularly called upon African scientists in participating countries to take advantage of having WAMEX data available for research and application: it encouraged international participation in WAMEX research activities, and strongly
endorsed the concept of a Visiting Scientists Programme (Section 5 of Reference 4).
Finally, the Douala session agreed that the Committee's Working Groups should stay
2.1.5
in existence, at least until the next session, and amended their 'Terms of Reference'. It
decided that the Committee should hold its third session during the second half of January
1980. among other things, to examine reports on the field phase, the structure of future
WAMEX work, and the continuation of the Committee itself. Finally it recommended that the
Chairman should visit the !~Ar~EX Centres during the field phase, as appropriate, and particularly
the Analaysis and Operations Centre in Lagos.
2.1.6

Arrangements are currently underway for the holding of the third session of the

~JSMRC.

2.2

Visits of the WAMEX Centres by the Chairman of the WSMRC

2.. 2.1
The fi rst vi sit of the WAMEX Centres by the Chairman of the WSMRC took place from
31 July to 6 August 1979, and concerned the Analysis and Operations (AlO) Centre in Lagos,
and Data Centre A in Dakar.
flr~!_Yl~g

2.2.2
At the time of the visit, the A/O Centre was active, despite some problems of personnel. The vital Kano-Lagos telecommunications link had been realized; WMO had arranged,
through short term fellowships, to have 10 forecaster/analysts available; thG host country,
Nigeria, had provided personnel for telecommunications and plotting work, and France had provided the charts. The only·problem was the non-availability on a full-time basis of the
Director of the Centre whose duties were to oversee and direct the following: analysis of
the charts (later to form the preliminary data set), description of the basic synoptic situation over the WAt~EX area during the field phase, and documentation of significant weather
events over the area for the period.
From the point of view of telecommunications, the volume of data being received and
2.2.3
plotted was not as high as hoped for, due to the familiar general short-comings of the GTS
in the region. Furthermore, reports were being received late. The need to wait for late
reports resulted in the request to extend by about 30 days five of the fellowships which
should have all expired on 31 August 1979.
2.2.4
The question of the final conservation of the set of charts was considered.
was agreed that W~lO's assistance in this matter will be necessary.

It

At Data Centre A (Dakar), the work was progressing normally at the time of that
2.2.5
first visit, although the centre had not received data (surface synoptic and upper-air) from
some of the countries. ·It was felt then that ultimately, WMO's assistance might be required
to permit someone from Centre A to visit the countries concerned in order to get the data.
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Second
visit
-----------2.2.6
The second visit (23 October - 2 November 1979) took me to Lagos (Analysis and
Operations Centre and Data Centre C), Dakar (Data Centre A), and Oran (Data Centre B). (For
the role of each centre see Reference 3). From conversations with the responsible officials
and on-the-spot observation, the current situation at each of the centres can be described
as foll ows:
2.2.7
At the Analysis and Operations Centre, the WMO fellows have departed. The analysis
of the charts is nearly completed. The analysis work remaining, as well as the summary of the
synoptic situation and the documentation of significant weather events during the field phase
will be completed by the Nigerian Meteorological Department in time to be reported at the next
session of the WSMRC.
2.2.8
The charts, once completed, will be temporarily stored at Data Centre A, pending a
final decision on their conservation. This decision should be taken at the third session of
the WSMRC. In this connexion, the assistance of WMO is strongly requested.
2.2.9
At Data Centre A, data for the second decade of July are now being received. Nothing has been received from 9 of the participating countries. It is proposed that if requested by Centre A, WMO should assist in having someone from the Centre travel to some key
countries to pick up the data, as available.
2.2.10
Very little has been done to evaluate the quality of the data so far received. However, it appears that, for reasons which should become clearer at the next session of the
WSMCR, some upper-air stations did not fully execute their programme of observations. However,
for the moment, the major emphasis should be placed on making sure that all the observations
made in the various countries are available at Data Centre A.
2.2.11
At Data Centre B (Oran), work has not started yet, due to some developments within
the Meteorological Service of the host country. However the commitment remains, and on the
occasion of my visit, the work programme of the centre was defined in detail. WMO's assistance will be required, particularly for the acquisition of magnetic tapes in sufficient
numbers to allow the final agroclimatological data set to be prepared in triplicate. Progress
on the work of the centre, which will begin immediately, will be reported at the next session
of the 1-1SMRC.
2.2.12
Regarding Data Centre C (Lagos), the FGGE Level II-b Space Based and Special Observing Systems Data Centre and ESA have been requested to produce special data subsets for
the WAMEX area (25 0 N, 25 0 E, lOoS, 25 0 W), and make them available free of charge. The Level
II-b Data Centre have accepted to do so.
3.

FUTURE ACTIVITIES

3.1

Data Management

3.1.1
The most important, immediate and urgent task facing the Co~nittee is the implementation of the data management plan. The preparation of preliminary data set (charts,
synoptic summary) has to be completed.
A decision has to be taken and implemented as to
their conservation. WMO's assistant will be required. The collection of the surface synotic
and upper-air data sets has to be completed, the data have to be evaluated and the data set
must be produced. WMO's assistance is required for the collection (para. 2.2.5 and 2.2.9).
The preparation of the agroclimatological data set at Oran must commence and be carried out
with the participation of all countries and WMO's assistance (para. 2.2.11).
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3.1.2
It is only after all the data have been assembled at Data Centres A and B, that
their description and evaluation will be possible.
3.2

Research

The field phase of WAMEX will have been in vain if the data obtained are not used
3.2.1
in research by scientists from the participating countries and from elsewhere.
3.2.2
Consequently, the WSMRC will, through its Working Group on Scientific Planning and
Research Aspects, continue to encourage and co-ordinate the participation in the WAMEX research effort. It is planned to encourage participating countries:
- to finalize and/or update in detail, and submit to the GAO, their inventories
of research projects based on WAMEX data;
- to prepare and submit to WMO, a description of the benefits expected from WAMEX
research;
- to participate actively in the WMO Visiting Scientist Programme, particularly
in connexion with WAMEX ..
3.2.3
In addition~ it is desirable that the WSMRC encourage the publication of research
results of interest to WAMEX, and maintain a bibliography thereof.
3.3

Continuation of the WSMRC

3.3.1
In view of the above remaining activities relating to data management and research
it is proposed that the WSMRC should continue, even beyond its third session (Spring 1980),
which will discuss these activities in detail.
4.

ACKNOWLEDGEMENTS

4.1
I wish, on behalf of the WSMRC, to express our appreciation to all the countries
and organizations which participated in the field phase of WAMEX, and particularly to those
who accepted special responsibility for hosting the various centres, and those who were able
to free their personnel to work at the Analysis and Operations:Centre in Lagos. Our thanks
also go to the Secretariat for its excellent support and to WMO for the asistance wherein
additional expendables were provided to several countries. and short-term fellowships were
awarded. We also thank the Level II-b Data Centre and ESA for their generous offers.
4.2
I have no doubt that the necessary efforts will be made by all to see the data
management phase to a satisfactory conclusion. I am equally hopeful that our appeal to
scientists to all countries, and particularly those in the participating countries, to
seize the opportunity provided by the existence of the resulting unique data set on the
West African atmosphere, will produce the desired effect, and lead to a phase of active
research on the many aspects of the West African monsoon.
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APPENDIX M
TABLE
SUMMARY OF RESEARCH PROJECTS RELATED TO THE FGGE AND ITS REGIONAL EXPERIMENTS
(as of November 1979)

Project Area of the Project

Number of Projects arranged according to
Level of Complexity (see Explanatory Notes
below)
Type I

Type 2

Type 3

Tota I

24+5*

I. ANALYSIS AND THE OBSERVING SYSTEM
1.1

Level III-b Data Sets

6

o

1.2

Observ i ng Systems Exper iments

18

6

o
o

1.3

Object ive Ana Iys is, Data Ass im i 1ation and Initial ization

30

20

o

3

4

Und erstand ing of Phenomena and
Physical Processes

17

35

13

65+10*

Parameterization of Physical
Processes

24

10

3

37+1*

10

0

34+7*

0

II

1.4

Specialized Satellite Data Studies

6

50
8+7*

2. STUDIES OF PHENOMENOLOGICAL PROBLEMS AND

PHYSICAL PROCESSES
2. I

2.2

3. PREDICTION

PROBL8~S

AND GENERAL CIRCU-

LATWN STUDIES
3. I

Short-, Med ium and Extended Range
Forecasti ng

24

3.2

Verification of Forecasts

10

3.3

Re~ional

3.4

General Circulation Studies

forecasting Studies

4. AIR-SEA INTERACTION
5. PREDICTABILITY STUDIES

10

15

9

34+52*

18

D

0

24+4*

7

9

3

19+22*

14

3

0

17+2*

5

22

11

38+4*

3

14

2

16

7

0

205

162

42

6. SECOND GARP ORBJECTIVE
6. I PhenomenologicaJ Studies
6.2
6.3

Parameterization of Synoptic Scale
and Physical Processes
Climate Modelling (Atmosphere and
Ocean)

Totals **

*

19
23+2*

525=
409+116*

Unclassified projects (see below)

** Includes some dupl ication from projects appearing under more than one subject area

EXPLANATORY NOTES
- Type I:

Complex studies (highly-developed model and a large computer)

- Type 2:

Studies involving simplified models and a medium-sized computer

- Type 3:

Studies involving minimal resources with little or no computer requirement

- Unclassified projects: Studies for which the complexity and facilities required
could not be assessed.

APPENDIX N
PART I:

A PROPOSAL FOR A VISITING SCIENTISTS PROGRAMME RELATED TO
FGGE AND ITS REGIONAL EXPERIMENTS

I.

Exchanges/Visits between Advanced Institutions with Good Resources

I.

For many years some such exchanges have taken place, usually as a result of

direct"ad hoc" arrangements between the countries concerned.

For example, the USA has often

sent scientists to (or received them from) a number of European countries.

In these cases

the visitor moves to an environment which is by and large scientifically comparable with
his home institution and where he may wel I enjoy comparable resources (computing faci lities,
etc.).

The advantages are always two-way:

the visitor's presence exposes the host to new

I ines of thought or to expertise which it lacks, whi 1st in turn the visitor is exposed to
whatever special experience or leadership characterises the host institution.

Undoubtedly

such exchanges/visits have been productive in the past and would help the progress of FGGE
research especially if organized on a larger scale than hitherto.

Suggested exchanges*

which might be of particular value are as fol lows:
(i)

Exchanges between any major model ling group and ANMRC, Austral ia.
(ANMRC has years of experience of objective analysis over the very
sparsely observed southern oceans; their unique experience could with
advantage be diffused more widely through the modell ing community)

(i i)

Exchanges between the main Level I II-b data producers, GFDL and ECMWF
(for cross-ferti I isation of ideas on ways of treating special problems, etcl.

(i ii )

Exchanges between major model ling group(s) and the Scandinavian group(s) who
have special ized in appl ication of empirical orthogonal functions to analysis,
etc. problems.

(iv)

Exchanges between major groups who have special experience of OSSE work and
who wi I I no doubt be fol Jowing this up with OSE work using the real data sets
from FGGE.

(This would help progress towards the optimum design of the future

WWW system.)
*

Where used in subsequent text, 'exchanges' should be taken to mean international
visits to or from other institutions as wel I as exchanges between institutions.
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(v)

Exchanges between groups working on the direct assimi lation of satel lite
radiance data.

(vi)

Exchanges between any of the major groups engaged in general circulation
programmes especially those engaged in work with coupled ocean/atmosphere
models and those whose programmes indicate a special interest in tropical
problems.

(v

H.

ii)

Exchanges between any of the major groups planning cl imate model I ing work.

Exchanges between Large and Very Srn a I I but Hig h Qu a I i ty Institu t ions

z.

Under this heading we have in mind that there are a number of quite smal I but

developed countries where perhaps by virtue of the high cal ibre of a single scientist or of
a very smal I group there is considerable potential for valuable work but this is hampered
by isolation or inadequate faci I ities.

Exchanges in such cases could have a fruitful result

by real ising a research potential which might otherwise be at least partially lost. It
would probably be invidious to I ist countries or institutions where the foregoing appl ies
but we can mention subject areas where exchanges under this heading are I ikely to be
profitable:
(i)

Model I ing techniques, e.g. mathematical or numerical procedures, nested grid
techniques, etc.

(In the smal I insitutions in mind there is often mathematical

abi I ity which because of the constraints of I imited computing power has been
directed to the design of computational Iy economical numerical schemes.

There

is also commonly an interest in nested grid problems for regional models.

"In

both cases the larger instItutIons could benefit from better liaIson.)
(i i)

Regional problems. e.g. the effects of topography including lee cyclogenesis,
etc.

(Commonly these very smal I institutions, lacking the resources to tackle

large scale problems, attack small scale or regional problems more intensively
than do the large InstItutions.)
(iii)

Any sUbject area where a particular smal I institution is known to have a high
level of experience or expertise.

I I I.
3.

Exchanges between the Institutions

of"Dev~ped

and Developing Countries

Although there are non-tropical developing countries with their own special
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interests, e.g. in their own particular regional problems, most of the developing countries
are tropical.

It is in this category that the greatest overal I benefit from exchanges could

come and where probably the greatest effort should be made, as was stressed by the Fourth
Planning Meeting for MONEX which addressed this question.

Some of

the tropical countries have stretched their resources to the I imit to make contributions to
the FGGE or its regional experiments.

After the field phase some special help from the

developed nations during the research phase would ensure that the maximum benefit is derived
from the considerable effort being put into the regional experiments.

Undoubtedly it would

be valuable for meteorologists from MONEX and WAMEX countries to have opportunities to work
in the stimulating environment of the developed nations' advanced institutions and to be
allowed time on large computers.

The developed countries, whose strong interest in tropical

meteorology is evident from their declared research plans, would also benefit from the visitor's local knowledge and would thereby gain better insight into tropical regional problems.
On his return the visitor would carry back with him unique experience which he could not
otherwlsehave obtained.
4~

As regards which countries might become involved in exchanges under this

category, "the spectrum of possibi I ities is wide.

Thus of the 18 countries who have noti-

fied their research intentions, almos"t al I have included some tropical and regional

~roblems

in "their plans.

In the case of USA and USSR the interest in tropical questions is substan-

tial.

~rovided

Therefore,

a developing country is enthusiastically motivated and has staff

of appropriate qual ity or potential, exchanges between it and almost any developed country
would be worthy of consideration.
The following are possible fruitful subject areas for exchanges:

5.
(I)

Tropical objective analysis, including the low latitude adjustment problem.

(ii)

Tropical modelling includIng the design of nested tropical models for
regional use.

(ii

i)

( i v)

Monsoon questions - onset, withdrawal, breaks, interactions with larger scales.
Problems related to convection in the tropics and the interactions between
mesa-scale convective systems and synoptic scales.

(v)

Observing systems experiments with particular reference-to the tropics.
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(vi)

The calculation of structure functions for the tropics.

(vi i)

Predictabi I ity in the tropics.

(vi i i)

Methods for estimating or inferring rainfal lover the tropical oceans.

( ix)

The special problems relating to arid zones and areas of marginal agriculture.

PART II:

SUMMARY OF MEMBERS' PROPOSALS TO PARTICIPATE IN THE PROGRAMME
1.

COUNTRY

1
CANADA

SERVICE
or
INSTITUTION

(as of 10 December 1979) *

Exchanges/Visits between Advanced Institutions with Good Resources **

COUNTRIES AND/OR
INSTITUTIONS
SUGGESTED FOR
EXCHANGES/VISITS

2

3

Atmospheric
Environment
Service

France, Meteorologie
Nationale

Australia

Any of several
European countries

PREFERRED
SUBJECTS

4

NUMBER OF VISITING
SCIENTISTS TO HOST,
TO SEND OR TO
EXCHANGE
5

PERIOD
OF
VISIT

COMPUTER
TIME
AVAILABLE

FINANCIAL
ARRANGEMENTS

6

7

8

-Several projects involving FGGE data,
including:
-Direct assimilation
of satellite
radiance data

1 - to host

-Methods of exploiting satellite data
in NWP

to send

-Regional modelling

to send

1 - to send

-Climate programme:
Coupled ocean-atmosphere modellingi
Research on planetary wavesi
Diagnostic work with
the FGGE data

(See also ANNEX 1)
FRANCE

Laboratoire
de Meteorologie
Dynamique
de CNRS

Any advanced
institution

Institutions dealing
with three-dimensional modelling
(e.g. ECMWF)

-General. Circulation
Models and Climate
Modelling:
• Sea surface temper
ature impact studies
• Predictability
• OSSE (possibly)

Exchange and/or visits

1 scientist
per year

- Convection modelling

Exchange and/or visits

1 scientist
per year

* A blank space in columns 7 and 8 of these tables means the absence of information and not negation of facilities, funds, etc.

** Category I of Part I of this Appendix
~:

For list of abbreviations in these tables see ANNEX 2

»
"'tl
"'tl

~

1:1
H
X

Z
"C

lJ"I

1

2

3

4

5

6

7

8

>
"'tJ
"'tJ

GERMANY,
FED,REP,OF

Deutscher
Wetterdienst

(Also for Category II
of exchanges - see
Part I of this Appen_
dix)

-A model of the General
Atmospheric Circulation

1 or 2 - to host

A few months

Travel expenses
and per diem:
to be borne by the
sending country

~
o

1-1
X

Z
"'tJ

JAPAN

-Monsoons;

Meteorologica
Research
Institute of
JMA

Yearly

1 - to host

Yearly

1 - to host

Yearly, in
and after
1982

Travel expenses and
per diem: to be
borne by the sending country or WMO

-Interaction between
Convection and largescale motion;
-Data anolysis

Meteorologica
Sateilite
Centre of JMA

Investigations with
meteorological satellite data

Electronic
Computation
Centre of JMA
JMA

1 or 2 - to host

NESS, ESA,
Wisconsin University and other
appropriate
institutes

Meteorological satellite
data processing

JMA

In Fiscal 1981
when GMS-2
will be launched, limitations in use
of computer

"

"
Funds arranged by
JMA

to send

Necessary cost: to
be borne by sending
countries

To exchange
(agrees in
principle)

Not possible to
provide the financial
support of travel and
living expenses

Geophysical
Institute,
Tokyo University

Numerical simulation of
monsoon ciruclaticn in
the upper and lower
atmosphere

1 - to host

Available

Ocean Res.
Institute,
Tokyo University

Air-sea coupling
modelling

1 _ to host

Available

"

Geophysical
Institute,
Kyoto University

Objective analysis of
the FGGE data

1 - to host

Available

"

0-.

1
U.S.A.

2

GFDL, GLAS,
NMC, NCAR

3

4

On a case-by-case
basis; particularly
interested in
exchanges with South
American countries

CSU

India, Peoples'
Republic of China

FSU

Malaysia, France

To host (1 - from
France)

Peoples' Republic
of China

To host

University of
Oklahoma

India

To host

University of
Wisconsin

France

State Committee for Hydro
meteorology
and Control
of Natural
Environment

ECMWF
NCAR, NHEML, GFDL,
ECMWF, Scripps
Institute of Oceanology, Institut fUr
Meereskunde (Kiel),
ANMRC

7

8

To host

University of
Hawaii

NMC

6

To host, send and
exchange

1 - to host

University of To be determined
Washington

U.S.S.R.

5

One year

One year

To host
Satellite analysis

1 - sent already

One year

To exchange and to
send

»
"'tl

"'tl
ITI

Z

o

H

X

Z

::'

"

2.

Exchanges between the Institutions of Developed and Developing Countries*)
and between the Institutions of Developing Countries

»
'"t:J
'"t:J

COUNTRY

1

SERVICE
or
INSTITUTION

COUNTRIES AND/OR
INSTITUTIONS
SUGGESTED FOR
EXCHANGES/VISITS

2

3

PREFERRED
SUBJECTS
4

NUMBER OF VISITING
SCIENTISTS TO HOST,
TO SEND OR TO
EXCHANGE
5

-Monsoon questions:
India:
.Bangladesh
onset, withdrawal,
Meteorological Institute of Tropical
breaks, interactions
Meteorology, Poona;
Department
with larger scales;
Northern Hemisphere
-Predictability in the
Analysis Centre,
tropics;
New Dehli;
-Methods for estimating
U.S.A. :
or inferring rainfall
National Hurricane
over the tropical
Centre, Miami
oceans

To send

FRANCE

Laboratoire
de Meteorologie Dynamique de CNRS

To host

HONG KONG

The Royal
Observatory

BANGLADESH

CANADA
(see under
para. 1)
India;
Republic of
Madagascar

Countries/Institutions with an active
interest in the tropical meteorology of
Southeast Asia
JAPAN
(see under
para.l)

*)Category III of Part I of this Appendix

-Results of the Low
Altitude Constant
Level Balloon Experiment (BALSAMINE)
-Within the Subject areas
referred to in paras.
5(i) to 5(vii) of Part I
of this Appendix

1 or 2-to host

-Tropical cyclones, numerical modelling in the
tropics, radar meteorology or satellite meteorology

To send (to "learn"
rather than
"teach")

rrr
z

o

PERIOD
OF
VISIT

COMPUTER
TIME
AVAILABLE

FINANCIAL
ARRANGEMENTS

6

7

8

1-1

X

Z

"
co

1

NEPAL

UNITED REPUBLIC
OF CAMEROON

2

4

3

l'1eteorological
Service

USA or UK

- Tropical objective analysis, including the low
latitude adjustment problem;
- Monsoon questions: onset,
withdrawal, breaks,
interaction with larger
scales;
- Predictability in the
tropics

Department of
National
Meteorology

Institutions, in
French, or English
speaking countries
actively engaged in
research in tropical
meteorology, with a
programme on Africa
(e.g. CSU, FSU, NCAR,
Univ.of Washington in
the USA and Meteorologie Nationale of
France)

- Dynamics of the tropical
African atmosphere, with
emphasis on synoptic-scale
moving disturbances and
wind systems, large-scale
mechanisms controlling the
rainfall activity, scale
interactions, and teleconnections

5

6

7

8

USA
(see under
para.l)
With emphasis on providing computer time to MONEX/WAMEX scientists:
AUSTRALIA

ANMRC

Bureau of
Meteorology

MONEX/WAMEX countries

"

"

"

Yes

- Monsoon studies

- Monsoon studies

1 - to host

Limited funds
available for
qualified scientist

Yes
>
"'0
"'0

CANADA

Atmospheric
Research
DirectorateAtmospheric
Environment
Service

MONEX/WAMEX countries

To host

Yes

See "Visiting fellows hips in Canadian
Government laboratories" (ANNEX 1)

~

1::1

I-l

X

Z
"0

'"

1

2

MEXICO

Instituto de Geoffsica/Centro de
Ciencias de la
AtmO'sfera

UK

USA

FRANCE

JAPAN

Meteorological
Office,Bracknell

4

3

MONEX/WAMEX countries

-Studies of global-scale
aspects of monsoon

5

To host

6

7

"'tJ

~

o
H
X

Z

MONEX/WAMEX countries

-Monsoon studies

1 or 2 to host

"C

Yes

I-'

o
11

11

11

- Monsoon studies

To host

Yes

University of
Exeter

11

11

"

-Monsoon studies,
especially
a) Sahara albedo problem
b) Modelling the Summer
Monsoon over Africa

To host

Yes

MONEX/WAMEX countries

1 or 2 to host

"

11

11

To host

Yes

FSU
Talehasse

"

"

11

To host

Yes

Oregon State University, Corvallis

"

"

"

To host

Yes

To host

Yes

-Numerical simulation
of monsoon

To host

Yes

Laboratoire de
MONEX/WAMEX countries
Meteorologie Dynamique de CNRS

MONEX/WAMEX countries

-Convection over West
Africa

National programme
of "Academic and
Technical Aid to
Devel,oping countries"

Yes

GFDL
Princeton

Geophys. Inst.
Tokyo University

»
"'tJ

Yes

University of
Edinburgh

CSU
Fort COllins

8

-Boundary-layer studies
over the Indian Ocean

Geophys. Inst.
Kyoto University

"

"

"

-Objective analysis

To host

Yes

Ocean Res. Inst.
Tokyo University

11

"

"

-Air-sea coupled
modelling

To host

Yes

Meteorological
Res. Institute
JMA, Tokyo

"

"

"

-Tropical cyclone'
movement
Data from satellite
microwave sensor

To host

Yes

Support possible for
exceptional candidate

India - France cooperation programme
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OUTLINE OF MECHANISMS FOR RECEIVING SCIENTISTS IN CANADA
AND EXTRACT FROM CANADIAN VISITING FELLOWSHIP BROCHURE

A) Visiting Fellowships in Canadian
Government Laboratories

B) SCIENTIFIC EXCHANGE PROGRAMS
Description

Description
This program is intended to provide promising young
scientists With the opportunity to work with well established research groups or leaders in their fields and 10
foster close relationships between Canadiiln government
laboratOries, _universities and research Iflstitullons FellowshiPS, currently valued at $ t 6.777 per annum plus
travel allowance, are awarded for one year With the possibility of renewal for a second year.

The SCientific Exchange Programs of the National
Research CounCil have been transferred to NSERC which
conllnues to mallltalfl exchange programs with.
-the Soviet Academy of Sciences (USSR)
-France, as part of the Cultural Exchange Agreement
-the Conselho Nacional de Desenvolvimento Cientifico e Tecnologlco (BraZil)
-the Czechoslovak Academy of Sciences (Czechoslovakia)

Fellowships are tenable in the laboratories of the
following departments and agencies:
Agriculture Canada
Atomic Energy of Canada Lld.
Communications Canada
Energy, Mines and Resources Canada
Fisheries and Envlronrnent Canada
Health and Welfare Canada
National Defence
National Museums of Canada
National Research Council Canada

Eligibility
Applicants should hold a doctorate from a recognized univerSity or a master's degree wilh a demonstrated capability to conduct successful Independent
research. Applicants must not ·have re~ched Ihell 36ttl
birthday at the time of application.

-the Japan Society for the Promollon of Sc'ience
(Japan)
Under the Scientific Exchange Programs, arrangements
are made to send Canadian scienllsts on short-term and
long-term VISitS to each of the above countries and to receive SCientists from those countries for Similar Visits In
Canada.
Financial arrangements vary from program to program,
but generally Include the provIsion of a liVing allowance
by the host country (on a per diem or monthly baSIS). This
allOwance must not be expected to cover all r~lated expenses. Professional travel wittlln a host country may be
prOVided by the host country or by NSERC.
Arrangements for all proposed Visits are subject to the
approval of the host country. VISit programs should be
proposed In as much detail as possible, but the final decision regarding dates and duration rests with the authorities of the host country.

Application Procedures
The deadline·for application to this program is Janu- .
ary 15. DeciSions are announced in April. Further information is available in a separate publication efltitled "Visiting Fellowships in Canadian Government Laboratories"
which is available from university scholarships liaison officers and from NSERC

Eligibility and Application Procedures
The scientists participating in exchange programs
must be Canadian citizens. resident in Canada. working
in one of the fields of science and engineering supported
by the NSERC.
For long-term visits (six months or more), only those who
apply fora travel grant (see paragraphs 64 to 67) 10 one
of the above countries are considered for participation in
the exchange of scientists program. Candidates should
indicate their desire to participate in this program on
page 1 of form 105.
For shorHerm visits (less than six months), university
staff members must submit form 109, Appllcallon to Participate in the NSERC Exchange Programs. Form 109 is
available In the research grants offices of Canadian universities
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Lellers of invitation from intended host institutions may
prove very useful in obtaoning approval from the host
country. especially on the case of France. and should
therefore be appended to the applical1on. All proposals
should include insl1tutes 10 be visited. desired times and
durations. scientists to be mel. details of previous contacts. if any. description of proposed scientific work and
its benefits to Canadian sCience. as well as names of accompanying dependents.
Non-university scientists (e g. in the employ of the federal
government. provincial and municipal governments. industry and private research organizations) who have professional status equivalent to university staff members
may also apply for participation in the scientific exchange
programs. For this. form 109. Application to Participate in
the NSERC Exchange Programs. must be submitled together with a completed Personal Data form 100.
Travel costs of scienflsts in the employ of the federal government must be borne by the scientist's employer.
Travel costs of other scientists Will be subject to negotiation in individual cases.

Review Procedures and Deadline Dates
Applications for participation in scientific exchange
programs are reviewed by the Committee on International
Relations in the fall and spring of each year. The deadline
dates are September 30 and March 15 of each year. In
the case of travel granl applications for long-term VISitS.
the deadline date is November 1 (see paragraph 66),
- a letter from the appropriate university authority
supporting the application. confirming that leave of
absence wrll be granted. and speCifying the candidate's salary level during the leave of absence and
the proportion of it that the candidate Will receive
from the university durlllg tenure of ltai award;
-a letter from the company agreeing to accept the
candidate Into its organization for the specified penod;
- a general outline. prepared by the company, of the
type of work to be carried out during tenure of the
award. and the mutual advantages of the proposed
program; and
- a request for a travel grant, if required.

c)

CIDAINSERC RESEARCH ASSOCIATESHIPS FOR
SCIENTISTS FROM DEVELOPING COUNTRIES

NSERC, in cooperation with the Canadian International Development Agency, administers a program of
CIDA/NSERC Research Associateships for scientists
from developing countries. Full particulars regarding application procedures and conditions governing these Re·
search Associateships may be obtained from the Award!;
Officer (International Relations) at NSERC.
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Atmospheric Environment Service, Canada:
Priority Research Areas

Air Quality and Inter-Environmental Research
:Jis?ersion: Plume-rise and turbulent diffusion. Long-range transport and sink
mechanisms. Vrban and regional air pollution models. Air pollutl~n potential
climatology. Remote sensing techniques. Wind tunnel simulations.
At:lo~pheric Chemistry and Air Quality

Precipitation ,.,avenging chemistry. Photoche:::ical smog mechanisms.
')xidation-rec".lion systems. Non-radioactive tracer experiments. Air pollution
analytical tec'miques. Pollutant effects on ecosystems.
Atmospheric

'~undary

Layer

Hea:, momentum ~nd water vapor exchanges at air-water, air-ice/snow and air-land
interfaces. Surface energy budgets. Structure of the planetary boundary layer.
Wind-wave and ice studies~ Modelling of the planetary boundary layer.
~onitoring

and Surveys

. Instrumentation development for measurement of trace constituents at "clean"
sites. Network design and data analysis techniques for the determination of
trends in composition.
Environmental Impact Assessment
Evaluation of effects of man's activities on air quality, vegetation, and ~he
hyd rologic cycle through baseline stud les, moni toring of development pro jec ts ,
review of environmental impact statements, land use studies, etc. Development
and implementation of gaussian and non-gaussian models to air quality problems.
Atmospheric Processes Research
Experimental studies: Experiments in remote and direct sensing to determine the
nature and distribution of important atmospheric constituents such as the
oxygen, hydrogen, nitrogen and carbon compounds including their photochemical
effects, interactions and parameterization. Radiation and ozone studies.
Cloud physics: Experimental and numerical studies of rain, snow, hail, cloud
and fOb processes. Radar applications. Weather modification.
Meteorological Services Research
Forecast: Numerical weather prediction and models particularly in the plane:ar)
boundary layer and in meso-scale meteorology. Weather,pollution, wind-wav~.
ice and other environmental forecasting methods. Meso-scale prediction
research. Statistical meteorology.
Systems design:

Observational network design.

Regional forecasting system.

Aerospace meteorology: Satellite meteorology, atmospheric effects on remote
sensing from space, digital analysis of scanning radiometer measurements,
satellite atmospheric sounding studies, aeronautical meteorology. full
scale/~ind tunnel intercomparison studies, wind effects on buildings and SUr!dce
transportation, wind energy utilization studies.
Dynamic prediction (Montreal): Numerical weather prediction. Atmospheric
models and parameterization of atmospheric physical processes. La rge-scale
pollution prediction models. Data assimilation.
*La sous-section de recherche en prevision dynamique a Montreal
travallle en fran~als; nous encoorageons done les candidats
franrophones a [alre leur demande Jai~ cc domain<.:.
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Canadian Climate Centre
Climatology and applied meteorology: The use of meteorology in hydrology,
biology, agriculture, energy, construction, industry, etc., in problems relating
to the Arctic, the natural environment, resource devglopment, urbanization,
transportation, land 'use, the social, economic and environmental impacts of
climate, including those related to C02' the study of natural hazards such as
drought, sustained cold, heavy snow, etc. Definition of the Canadian climate
a~d cli~dtic resources, including space and temporal variations and their
associations.

Hydrometeorology and marine applications: Evaluation and improvements of
observation and forecast field~ in stre3mflow forecast models,
precipitation-runoff relatiOnships, network planning and objective analysis.
Hydrometeorological design studies, probabte maximum precipitation and snowmelt, major storm analyses. Studies of influence of oceans, lakes, and
reservoirs on climate, wind-wave relationShips, set-up and seiche, water level
variations. Climatic variability and impact on water resource and marine
activities using remote sgnsing and operational water balance techniques.
~eteorological

Numerical modelling: Research directed toward understanding the physical and'
dynamical basis of the "general circulation" or "climate" of the atmosphere and
ocean. The purpose is to provide a physical basis forthetrgatmentof climatic
problems, to develop methods of assessing natural and/or man made (egs. C02,
GYM's, deforestation, etc.), perturbations to the climatic system based on
physical principles, and to. develop climatic prediction techniques based on
first principles if this is possible. The methods employed include: numerical
modelling of ·the general circulation 'of the atmosphere and potential of the
ocean (with associated parameterization studies of radiative transfer in the
atmosphere, boundary layer transfers, cumulus convection, etc);
statistical-dynamical modelling of the climate system diagnostic studies of
abserved and model data using a variety of advanced techniques; and theoretical,
model, and observational studies of particular components of the climate system
(e.g. planetary waves).
and prediction: Climate diagnostics research: atmospheric and
oceanic circulation statistics, diagnostic studies of the components of the
climate system, statistical and statistiCal-dynamical models of climate,
climatic anomaly forecasting models and techniques, weather 'statistics,
relationships betw~en circulation and weather on climatic time scales,
determination of past climates from proxy data, relationships oetween
atmospheric circulation and weather on climatic time scales, solar, volcanic,
and CO 2 influences on climate.
~onitoring
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LIST OF ABBREVIATIONS
ANMRC

Australian Numerical Meteorology Research Centre

CNRS

Centre Nationale de le Recherche Scientifique (France)

CSU

Colorado State University (USA)

ECMWF

European Centre for Medium Range Weather Forecasts

E~

European Space Agency

FSU

Florida State University (USA)

GCM

General Circulation Model

GFDL

Geophysical Fluid Dynamics Laboratory (USA)

G~S

Goddard Laboratory for Atmospheric Sciences (USA)

~S

Geostationary Meteorological Satellite

~

Japan Meteorological Agency

N~R

National Center for Atmospheric Research (USA)

NESS

National Environmental Satellite Service of NOAA (USA)

NHEML

National Hurricane and Experimental Meteorology
Laboratory (USA)

NMC

National Meteorological Center (USA)

NWP

Numerical Weather Prediction

OSSE

Observing Systems Simulation Experiments

GARP PUBLICATIONS SERIES
No. 1 An Introduction to GARP
No. 2 COSPAR Working Group VI Report to JOC - Systems Possibilities for an Early GARP Experiment
(out of print)
No. 3 The Planning of the First GARP Global Experiment (out of print)
No. 4 The Planning of GARP Tropical Experiments (out of print)
No. 5 Problems of Atmospheric Radiation in GARP
No. 6 Numerical Experimentation Related to GARP
No. 7 The GARP Programme on Numerical Experimentation
No. 8 Parameterization of Sub-Grid Scale Processes
No. 9 The Basic Data Set Project
No. 10 Methods for the Approximate Solution of Time-Dependent Problems
No. 11 The First GARP Global Experiment - Objectives and Plans
No.12 The Complete Atmospheric Energetics Experiment (CAENEX)
No.13 The Air Mass Transformation Experiment (AMTEX)
No. 14 Modelling for the First GARP Global Experiment
No.15 Four-Dimensional Assimilation of Meteorological Observations
No. 16 The Physical Basis of Climate and Climate Modelling
No.17 Numerical Methods Used in Atmospheric Models (Two volumes)
No.18 The Monsoon Experiment (MONEX)
No.19 The Polar Sub-programme
No.20 Numerical Modelling of the TropicalAtmosphere
No. 21 The West Mrican Monsoon Experiment (WAMEX)
No. 22 Report of the JOC Study Conference on Climate Models: Performance, Intercomparison and Sensitivity
Studies (Two volumes)

GARP SPECIAL REPORTS
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

No. 15
No.16
No. 17
No. 18
No.19
No. 20
No. 21
No. 22
No.23
No.24
No. 25

Report of Planning Conference on GARP - Brussels, March 1970
Report of Interim Planning Group on GARP Tropical Experiment in the Atlantic - London, July 1970
Report of the First Session of the Tropical Experiment Council- Geneva, February 1971
Report of the First Session of the Tropical Experiment Board - Geneva, February 1971
Report of the Second Session of the Tropical Experiment Board - Geneva, December 1971
Report of the Third Session of the Tropical Experiment Board - Geneva, April 1972 (out of print)
Report of the Second Session of the Tropical Experiment Council- Geneva, September 1972
Report of the Planning Conference on the First GARP Global Experiment - Geneva, September 1972
Report of the Fourth Session of the Tropical Experiment Board - Geneva, March 1973 (out of print)
Report on Special Observing Systems for the First GARP Global Experiment - Geneva, February 1973
Report of the Fifth Session of the Tropical Experiment Board - Geneva, December 1973
Report of the Sixth Session of the Tropical Experiment Board - Geneva, April 1974
Report of the Meeting on Drifting Buoys for the First GARP Global Experiment - Geneva, March 1974
Report of the First Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
Global Experiment - Geneva, October 1974
Report of the Seventh Session of the Tropical Experiment Board - Geneva, February 1975
Report of the Meeting of Experts for the Development of a Data Management Plan for the FGGEWashington, April 1975
Report of the Second Session of WMO Executive Committee Inter-Governmental Panel on the First
GARP Global Experiment - Geneva, September 1975
Report of the Inter-Governmental Planning Meeting for the First GARP Global Experiment - Geneva,
February 1976
Report of the Extraordinary Session of WMO Executive Committee Inter-Governmental Panel on the
First GARP Global Experiment - Geneva, February 1976
Report of the Eighth Session of the Tropical Experiment Board - Geneva, May 1976
Report of the Planning Meeting for the Monsoon-77 Experiment - Colombo, Sri Lanka, May 1976
Report of the Third Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
Global Experiment - Geneva, July 1976
Report of the First Planning Meeting for the West Mrican Monsoon Experiment (WAMEX)-Dakar,
November-December 1976
Report of the Fourth Session of WMO Executive Committee Inter-Governmental Panel on the First
GARP Global Experiment - Geneva, February 1977
Report of the Third Planning Meeting for the Monsoon Experiment (MONEX) - New Delhi, FebruaryMarch 1977

GARP SPECIAL REPORTS (continued)
No. 26 Report of the Fifth Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
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