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FOREWORD

The present publication contains the report of the Planning Meeting for the
Monsoon-77 Experiment which was held in Colombo, Sri Lanka, from 17 to 21 May 1976.
The purpose of the Meeting was to prepare the plans for the design and
execution of the Monsoon-77 Experiment, to be conducted in 1977 in the preparation
for the Monsoon Experiment (MONEX) which will be carried out in 1979 during the
First GARP Global Experiment (FGGE) as part of the GARP Monsoon Sub-programme.
This sub-programme which is a major international effort to achieve a better
understanding of the planetary monsoon circulation, the major seasonal perturbation
of the general circulation of the atmosphere/includes both observational field
programmes and research work employing these data. The Monsoon Experiment (MONEX)
is the core of the sub-programme, and is being preceded by two other Experiments.
One of these, the Indo-Soviet Monsoon Experiment (ISMEX-73) was successfully executed
by India and the USSR in 1973 with many interesting results. As there were problems
requiring further investigation, it was decided to organize a further experiment,
namely Monsoon-77 as an international experiment with the participation of all
interested nations.
A knowledge of the Asian monsoon is essential to an understanding of global
weather and climate. Moreover, the annual cycle of precipitation associated with the
monsoon is fundamental to the agriculture of the many populous nations of the region.
With these considerations in mind, it is indeed gratifying to see the concrete and .
practical planning for Monsoon-77 presented in this report.

Successful realisation

of the proposed observing system, data prooessing, and research plans proposed by the
meeting will contribute greatly to our understanding of the Asian monsoon and to the
planning for MONEX. On behalf of the WHO and the ICSU, which jointly sponsor the
GARP, I wish to express my appreciation for the support given to the Planning Meeting
by the many contributing nations, and especially to the Government of Sri Lanka, the
host country.

D.A. Davies
Secretary-General

GENERAL SUMMARY AND CONCLUSIONS
The importance of the monsoons as a major energy source for the global
circulation during summer and winter has been recognized by a number of studies.
The large amplitude circulation features of monsoon circulations (e.g. the monsoon
trough and the Tibetan high of the northern summer) contribute significantly to the
variance of the total global motion field.
The story of the monsoons is on many scales. During the summer monsoon,
the big question is monsoon rainfall, why there is more rain in some years than in
others. There are a variety of rain producing monsoon disturbances and other related
disturbances that need to be examined for understanding the monsoons.
The question of monsoon rainfall, in many regions, is not properly understood, because of lack of observations. The GARP MonsoonSub-programme has been
proposed by the countries of the region affected by the monsoon and endorsed by the
Joint Organizing Committee (Joo) as an important component of GARP.
Under this Sub-programme, the Indo-Soviet Monsoon Experiment (ISMEX-73) was
conducted during the period 15 May to 10 July 1973 by the USSR and India.
The results of ISMEX-73 have provided useful data and experience for
developing a similar experiment in 1977, i.e. the Monsoon-77 Experiment.
The Inter-governmental Panel on the FGGE at its second session (Geneva,
September 1975), and the JOC at its eleventh session (Tokyo, October 1975) proposed
that the latter experiment be carried out in the Arabian Sea and the Bay of Bengal
during the summer of 1977 and over the Malaysia-Indonesia region during the winter
of 1977. The ISMEX-73 and the Monsoon-77 Experiment are excellent preludes to the
major part of the GARP Monsoon Sub-programme, i.e. Monsoon Experiment (MONEX) to be
carried out in 1979 during the Special Observing Period (SOP) - I (Jan-Feb) and SOP
- 11 (May-June). In this context, it was emphasized that the Monsoon-77 Experiment
should be conducted as an international experiment, in which all nations which have
an interest in the monsoons should be encouraged to participate.
It had been suggested by the Joo that a planning meeting for the proposed
Monsoon-77 Experiment be held during the early stage of 1976 at a suitable place in
the monsoon area. Finally, it was decided that the Planning Meeting for the Monsoon
-77 Experiment be held in Colombo, Sri Lanka from 17 to 21 May 1976, at the kind
invitation of the Government of Sri Lanka.
The planning for the Monsoon-77 Experiment will be designed in the following
way;
1.

Overall Scientific Objectives
Although the Monsoon-77 Experiment aims at the same scientific objectives
as MONEX, Monsoon-77 will be on a smaller scale than MONEX.

2.

Observing System
A polygon formation of ships over the Arabian Sea and the Bay of Bengal,
such as was implemented during ISMEX-73, will also be deployed as a special
effort to augment the observing system for the experiment.

3.

Data Management System
All data will be collected and processed at the Data Processing Centre at
New Delhi, as indicated in 12.2, where an international analysis team will

function. Processed Data will eventually be made available to users through
World Data Centre - B (Moscow) and also through WMO, if possible.

4.

Oceanographic Programme
As air-sea interaction is important for the monsoon, detailed oceanographic
observations are planned at the locations of the ships.

5.

Management of the Experiment
A Management Group consisting of representatives of East Africa, India, Sri
Lanka and USSR will be formed. The Group will be responsible for the
implementation of the programme and meet periodically in New Delhi during
the Experiment. The Group will keep JOC and all participating countries
informed of their activities.

CONCLUSIONS
The Planning Meeting was gratified to note that substantial progress has
been made in designing a concrete plan to carry out the Experiment as described
above. However, in order to finalize the plan,. the following action should be taken
immediately.
(a)

For the execution of the Experiment an international Managing Group
should be constituted, as mentioned in this report.

(b)

In order to fill gaps in the observation network, urgent action should
be taken to augment the ground-based WWW system, both in obtaining
data and in communicating it to users. Furthermore, reactivation of
upper-air sounding stations at Mogadiscio and Gan Island is requested.
WMO is asked to take the initiative to reactivate them.

(c)

Any information and benefit from the build-up phase of FGGE and its
preparatory stage should be utilized to conduct the Experiment.

(d)

The data management system should be built up both for the summer and
winter monsoon studies.

(e)

The planning for MONEX should take advantage of the experience and
results that will be obtained during the Monsoon-77 Experiment.
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1.

ORGp~IZATION

OF THE MEETING

The Planning Meeting of the Monsoon-77 Experiment was held in Colombo,
Sri Lanka from 17 to 21 May 1976.
1.1

Opening of the Meeting

Mr. K.D.N. de Silva, Director of the Department of Meteorology, Sri Lanka,
warmly welcomed the participants and the Minister of Industries and Scientific
Affairs, ~lr. T.B. Subasinghe. Mr. de Silva stated that the vagaries of the monsoon
affect the economy of the countries in the monsoon region and that intensive and
extensive studies would be required for a clearer understanding of the monsoon
phenomena and that cooperation and collaboration of several countries would be
required. He said that the knowledge of the monsoon gained by this cooperative
effort will amply compensate all the inputs. Mr. de Silva stressed that the Monsoon
-77 Experiment will provide the experience and expertise for MONEX that is to be
conducted in 1978-1979.
Mr. T.B. Subasinghe, Minister of Industries and Scientific Affairs, declared
the Meeting open, &nd noted with pleasure that Colombo has bacome a popular venue
for international meteorological conferences. Mr. Subasinghe said that it gave him
much happiness to note the untiring efforts of ICSU and vnl0 in fostering the noble
spirit of cooperation amongst nations. He said that Sri Lanka is grateful to the
World Meteorological Organization for having accepted the invitation to host this
meeting. Mr. Subasinghe expressed his optimism that the Monsoon-77 Experiment and
MONEX will lead to a ~;reater understanding of the monsoon circulation. He said that
any advance knowledge of the character of the monsoons will certainly go a long way
to help in planning our budgets and priorities.
Dr. Nitta, speaking on behalf of ICSU and vMO, thanked the Government of
Sri Lanka for offering host facilities and expressed his conviotion that this
meeting would be a success. Dr. Nitta stressed the fact that the planning for the
Monsoon-77 Experiment should be consistent with the general objectives of the GARP
Monsoon Sub-programme. Dr. Nitta said that although the Monsoon-77 Experiment was
initiated by USSR and India, it was essential that all countries affected by the
monsoons be encouraged to participate in this Experiment.
Mr. I.D.T. de Mel, Deputy Director of the Department of Meteorology, Sri
Lanka, proposed a vote of thanks. He thanked the Minister of Industries and
Scientific Affairs for agreeing to declare the Meeting open. Mr. de Mel also thanke~
the foreign governments who sent delegations and the WMO.
In conolusion, he wished all participants a pleasant and enjoyable stay in
Sri Lanka.
1.2

Election of the Chairman

Mr. de Silva, Sri Lanka proposed and Dr. Charoenwong, ihailand, seconded
the name of Mr. Rao, India, for the Chairmanship and Mr. Rao was unanimously elected
Chairman of the meeting.
1.3

Approval of the Agenda
The provisional agenda was adopted.

1.4

Working Arrangements

to 17:00.

It waS agreed to have the working hours from 09=30 to 12:30 and from 14:30
A drafting committee was formed with Mr. de Silva as Chairman.
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2.

REVIEW OF THE GARP HONSOON SUB-PROGRAMHE

2.1

The GARP Monsoon Sub-programme includes the following experiments:
1973
1977
1979

Indo-Soviet Monsoon Experiment (ISMEX-73)
Monsoon-77 Experiment
Honsoon Sxperiment (MONEX)

2.2
In addition, a West African Monsoon study has been proposed by the countries
of the region. A scieLtific and observational plan to be carried out during the
FGGE will be discussed by JOG-XII, in June 1976 in Nairobi.
2.3
The Planning Meeting was informed of and reviewed further planning for the
MONEX to be carried out in 1979.
2.4
The Meeting was requested to consider the scientific consistency of the
planning between the Monsoon-77 Experiment and MONEX. Furthermore, the Meeting was
asked by the JOG to provide it with information regarding:
(i)
(ii)

national commitments for managing MONEX component programmes,
possible commitments of observing systems for MONEX.

2.5
The Meeting felt that the document on MONEX had been received late;
consequently, no specific recommendations could be offered on its contents. However,
participants felt that as the document related mostly to matters outside the scope
of the present Meeting (Monsoon-77), its contents could be conveniently referred to
a future Planning Meeting on MONEX.
3.

REVIEW OF PRELIMINARY RESULTS OF lISMEX-73"

3.1
From 15 May to 10 July, 1973 a Joint Indo-Soviet Monsoon Experiment was
conducted over the Arabian Sea. Four research vessels of the USSR and two of the
Indian Navy made a number of cruises across the Arabian Sea, along the equator and
to the south of it.
3.2

Summary of Results
(i)

(ii)

During the onset phase of the monsoon, large east-west oriented cloud bands
formed over the south Arabian Sea. These were associated with an east-west
trough - well marked at 700 mb.

An appreciable amount of moisture seemed to be picked up over the Arabian
Sea.

(iii)

Sea-surface temperature observation during !SMEX-73 confirmed the existence
of cold waters off Somalia. These low water temperatures spread eastwards
with the advance of the monsoon season.

(iv)

During the entire period, a low-level jet of 50-60 kt was observed over the
West Central Arabian Sea at 950-900 mb.

(v)

During the onset phase, clouding near the equator shifted north and northeastwards with a simultaneous decrease in activity over the equator. After
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the onset of the monsoon, there was large dryness in the middle troposphere
in the equatorial region, particularly around 65°E.
(vi)
(vii)

The Berson westerlies are replaced by easterlies about the onset time.
Th~

ohangeover of the geopotential field at 300 mb and above to the normal
pattern lagged by 10 days behind the arrival of monsoon, whereas the
organisation and position of the monsoon trough in the lower levels was
almost simultaneous with the onset.

(viii)

Prior to the onset of monsoon, the ITCZ played an important part in causing
precipitation over southern peninsular India. Orography influences precipitation over the peninsula much more after onset of the monsoon than in
the pre-monsoon period.

(ix)

The summer monsoon plays a decisive role in the redistribution of the
thermal characteristics in the layers of water beneath the sea-surface down
to 100 m.

(x)

(xi)

The upper boundary of the thermocline lies deep in the central part of the
Arabian Sea as a result of the cooling of the surface water and strong
inter-mixing and sinking from 40-60 m to 75-100 m.
In the pre-monsoon period, influence of the ITCZ caused some lowering of
water temperature in different surface layers.

(xii)

The connexion between the quasi-biennial oscillation and the fluctuation of
temperatures of equatorial waters was established.

(xiii)

Computations of horizontal fluxes of moisture in the lower troposphere
showed that there was flux divergence over the Arabian Sea during strong
monsoon towards India. In the earlier epochs, the flux divergence was small
and sometimes there was even convergence. The eastward flux across the
west coast was comparable to the northward flux across the equator.

(xiv)

Computations of vertical velocities during pre-monsoon and monsoon periods
revealed the. distinct difference in the pattern over the eastern and
.
central part of the Arabian Sea. But after the establishment of themonsoon,
there is downward motion in a large part of the troposphere to the west of
65°E whereas there is upward motion to the east of 65°E.

(xv)

Energy balance computations show that convection processes contribute
considerably to the balance in the eastern part of the Arabian Sea during
the Monsoon period.

(xvi)

Based on IS~rnX-73 data, numerical experiments were conducted by a team of
Indian and Soviet scientists in the ·primitive equation baroclinic model at
the Regional Meteorological Centre, New Delhi.

(xvii)

In 1973 the main transport of air mass through the equator waS observed to
the west from 65 0 to 700 E.
After the onset of the monsoon the transport through the equator incre~ses
approximately 6 times. The estimates showed that about 2/3 of all moisture
inflow to the atmosphere in the west part of the Arabian Sea was from the
Southern Hemisphere.

(XViii)

The analysis carried out showed close interaction between variations in the
regional features of the southwest monsoon and the large scale processes
over South Asia and the regimes of ocean currents.
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REVIEW OF SCIENTIFIC OBJECTIVES OF THE MONSOON-71 EXPERIMENT

4.1

Overall Scientific Objectives of the Monsoon-77 Experiment

4.1.1
The scientific objectives of the Monsoon-77 Experiment will be broadly
similar to those of MONEX (1979) but will have greater emphasis on regional aspects.
In general terms, the scientific objectives will include a study of the following
features:
(i)

The development and maintenamce of mean monsoon circulations;

(ii)

Studies on the structure of synoptic systems, and conditions that favour the
development of cloud systems and rainfall;

(iii)

Transfer processes and atmospheric structure in the planetary boundary layer
and the lower troposphere;

(iv)

Coupling mechanisms between the troposphere and the lower stratosphere
during the monsoon period.

It is proposed to develop a numerical experimentation programme, which will
supplement the scientific objective of Monsoon-77. This programme will include
computation of the following meteorological variables, and their variation in space
and time:

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

the latent heat of condensation, enthalpy potential and total energy of a
unit atmospheric column between isobaric levels;
the change in the above mentioned characteristics in this column due to
large scale motions;
turbulent fluxes of latent heat of condensation and enthalpy from the ocean
to the atmosphere;
the effect of sub-grid scale processes and radiative fluxes on numerical
prediction;
the interaction between motion on different scales during different phases
of the monsoon.

4.1.3
Attempts will be made to incorporate the variables listed above into baroclinic primitive equation model for numerical prediction. The model will seek to
parameterize the effect of clouds, and will also include the effect of orography on
the monsoon circulation.
4.2

StUdies of the Summer Monsoon

It is convenient to separate the planetary features of the monsoon from its
regional aspects, although the two may be strongly coupled. Monsoon-77 will be
largely concerned with the regional aspects. The scientific objectives of this
experiment will include a study of the following features.
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4.2.1
The experiment will monitor changes in temperature, moisture and wind
characteristics of the air along the equator, and over the east Arabian Sea. The
normal date of onset of the monsoon over Burma and Sri Lanka is the third week of
May. During this period (17-22 May) the USSR ships will sail along the equator, and
will collect data on equatorial changes at the time of the monsoon1s onset. During
a later period (18-23 Julg) two stationary polygon formation·s will be located on the
equator between 70 and 80 E. A comparative study between these two periods is
expected to provide information on the equatorial changes that take place between the
time of commencement of the monsoon and its full development. This information will
be useful for studying the features that lead to the onset of the monsoon over Sri
Lanka, Burma, Malaysia and Singapore.
The experiment also envisages a polygon formation at 12 0 N, 67°E for (a) a
thirteen day period from 26 May to 7 June and (b) a twenty day period from 18 June to
6 July. A comparative study of the data collected during these 'periods will provide
information of changes in flow characteristics that take place over the east Arabian
Sea between the monsoon's onset and its subsequent evolution.
4·2.2
The results of earlier experiments (IIOE and ISMEX-73) have sugg~sted that
important changes take place over the east Arabian Sea, which have considerable
impact on monaoon rain. Provision has been made in the experiment to study those
changes wi'~h the help of polygon formations during (a) 26 May-7 June, (b) 8-10 June
and 18 June-6 July. For an ideal experiment, it would be desirable to have the data
collected during these periods supplemented by additional information from the West
Arabian Sea, the coastal areas of East Africa and adjoining regions of the southern
hemisphere. The meeting stressed that, if resources become available, the Monsoon77 Experiment should be extended to cover the East African region and West Indian
Ocean. Although Monsoon-77 Experiment will not cover these regions, it is expected
that some data will become available from the observational programme in East Africa.
The possible use of aerial reconnaissance in the East African Jet by U.S. scientist~
could also help to supplement the data from these regions.

Monsoon depressions, which develop in the northern sectors of the Bay of
Bengal and move in a westnorthwesterly direction, provide much of the monsoon rain
over India, Bangladesh and Burma. These depressions represent an important synoptic
system. They have been observed to have an asymmetrical cloud pattern, and have
provided considerable transport of latent heat into the upper troposphere.
In the monsoon months of July and August nearly sixty per cent of the
depressions form in the region between 17.5 to 22.5 0 N and 87.5 to 90 0 E. Most
depressions have been observed to form in-situ, but a quarter of the total number
develop from weak low pressure systems that move westward into the Bay of Bengal from
regions to the east of India. The most preferred period for the formation of Bay
depressions appears to be a two-week period from 20 July. By locating ships around
19N, 88E, it is proposed to study the structure of these depressions during Monsoon77·
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Monsoon-77 will be concerned with studies of the planetary boundary layer.
Air-sea interaction, transfer processes in the entire boundary layer, the baroclinic
flow structure, air mass structures and the transition from a trade regime to
disturbed conditions, will be studied with the help of anchored buoys, tethered
balloons and instrumented towers.

M-lOO rocket soundings from Thumba in India during May 1973 and 1975 have
suggested that a reversal in the circulation of the stratosphere takes place earlier
than the onset of the summer monsoon over southern Asia. The disappearance of
Berson westerlies and appearance of tropical easterlies are observed. It is proposed
that from 17 May to 7 June, daily soundings of upper atmosphere be carried out with
M-lOO rockets from Thumba. Consideration would be given to commence these observations from an earlier date, if possible so that they coincide with the period of
monSoon onset over Sri Lanka. Variations in the activity of the monsoon after its
establishment appear to be associated with changes in the strength of the easterly
component in the stratosphere. Daily launching of rockets in July at Thumba would
also be useful.

4.2.6
Satellite imagery could provide regular coverage of clouds over the whole
monsoon area and the regions of intense observation from ships.
Implementation of the work programme is to be based on utilization of
ground-based observations, (radio-metersonde, temperature and rawinsonde data) as
well as on utilization of radar observations from ships and coastal radar stations.
The physical structure of clouds and convection in different areas and
conditions of monsoonal circulation are to be investigated.
A complex study is to be performed of thermodynamic conditions of convection
and radiation processes, as well as the interaction of cloud and radiation fields.
A study of vertical profiles of radiation heat fluxes in different conditions of
monsoonal circulation is necessary.
4.3

Studies of Winter Monsoon

4.3.1
The meeting noted that the winter monsoon establishes itself over South
and Southeast Asia by late November and remains active until the end of March.
During this period torrential rainfalls are experienced over the Indonesia-Malaysia
region. Taking into consideration the limited resources and bearing in mind ttle
plans for the winter monsoon in MONEX, the meeting agreed that ~tudies of the winter
monsoon be confined to the month of December 1977.
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The problem areas are the same as for MONEX and are as follows:
- accurate rainfall forecasting in Southeast Asia;
- the relationship between rainfall fluctuations over the Indonesia-Malaysia
region and the changes in the Australian component of the southern hemisphere Hadley Cell;
relationship of changes in large-scale air-sea energy exchange and changes
in sea surface temperature to the development of sub-tropical cyclones
over the East China Sea and for tropical disturbances over the South China
Sea;
- concerning the northeast monsoon Hadley Cell circulation, the following
specific questions need to be answered: (a) mechanism for its formation
and dissipation and seasonal change; (b) its latitudinal extent; (c) its
relation to the intensity of both the Siberian anti-cyclone and the
southern hemisphere summer cyclones.
Considering the scale dependence of the problem areas,the components of the
winter monsoon experiment may be classified as follows:

The monsoonal surge occasionally intensifies progressively equatorward and
causes torrential rainfall over Indonesia-Malaysia and along the east coast of IndoChina and South India. During December 1977 a special regional programme may be
required to investigate the structural features of the strong northeast monsoon surge
originating from an intense anticyclone cell over Siberia and Northern China.

4·3·2.2 g~~Yl_E~~~f~!!_1!~~~~~~!~:~~!~l~!~)
The primary cause of heavy rainfall appears to be strong boundary-layer
convergence resulting from the juxtaposition of a northeast monsoon surge and
intensifying equatorial westerlies, occasionally facilitating the development of a
westward propagating tropical wave. The superposition of upper troposphere outflow
above a lower tropospheric inflow is perhaps required to sustain_la continuous
thunderstorm and heavy rainfall, sometimes exceeding 100 mm hour
in ~~d around a
surface cyclonic cell.

In connexion with heavy rainfall over the Indonesia-Malaysia region, the
upper outflow from a strong up draft region flows off to the north as a return current,
subsiding south of the intense subtropical jet stream over the south-east China Sea
and the western Pacific. This is indicative of strong interaction between equatorial
and mid-latitude circulation regimes. The presence of Peninsular Malaysia and
Indonesian terrain seriously influences and probably greatly reduces rainfall over
northern Australia. Thus, the Australian component of the southern hemisphere Hadley
Cell probably plays a greater role in that country's summer monsoon rainfall than is
true in other summer monsoon regions. Certainly, cold fronts penetrate surprisingly
far north over Australia. For the most part, the investigation of the inter-hemispheris interaction during the northern hemisphere winter will rely on the global
platform. (See JOC-XI Report, Annex J, p.7-8).

-

l.O -

4.3.3
It was noted that detailed plans have not yet been formulated for winter
monsoon studies in the Monsoon-77 Experiment. The Meeting felt that the countries
affected by the winter monsoon may consider the planning aspect and put forth
appropriate proposals in future planning meetings.

5.

THE OBSERVING SYSTEM

5.1
The basic approach in designing the observing system for Monsoon-77 is to
take advantage of the WWW network for a study of large scale features of the monsoon.
The following three types of observations are planned:
(i)

(ii)

(iii)

5.2

Observations carried out while the ships are moving from one location to
another. These will generally be routine observations taken at synoptic
hours;
Special observations taken during the period when the ships are positioned
at a fixed location to study the time variation of the characteristics of
the monsoon during its different phases; and
Observations comparing instruments utilised by different participating
agencies.
The observing system

The observing system for Monsoon-77 can be classified into the following
categories:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)

5.3

Land-based surface and upper air system for WWW;
Additional observations over land and island stations for Monsoon-77;
Observations from research ships;
Aircraft observations;
Observations from

cOJ~ercial

ships and aircraft;

Satellite observations;
Coastal radar observations;
Intensification of observations at existing upper air stations during
special observation periods;
Boundary layer measurements.

WYM Network

The strategy of Monsoon-77 consists of first ensuring that the WYM network
is fully implemented. By means of this document, all countries in the general
monsoon area are requested to complete the implementation of the WYM network before
Monsoon-77·
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5.4

India's contribution to the land-based observing system for Monaoon-77

As far as the land based observation system for Monsoon-77 is concerned,
India will contribute the following:
(i)

Fully implement the WWW network and make available the observations;

(ii)

Additional upper air observing stations at Amini Devi and, possibly,
Car Nocobar;

(iii)

4-5 additional upper air stations in the path of depressions, to function
temporarily during speoial observation periods;

(iv)
(v)
(vi)
(vii)

5.5

6 hourly observations from about 12 upper air stations during the required
special observing periods;
Radar observations from the stations along the east and west coasts of India;
Radiometersonde ascents from 2-3 stations in India during the period of the
experiment;
Possibly micrometeorological observations in a lagoon off the west coast
of India.
Reports from merchant ships and commercial aircraft

Close cooperation between the countries in the region could yield valuable
observations from commercial ships and aircraft. Apart from routine dissemination
of these data through telecommunication channels, copies of the relevant broadcasts
or a collection of such reports may be sent in weekly batches by post to a central
data processing centre.

5.6

Special ships for Monsoon-7] Experiment

To cover the scientific programme presented under agenda item 4.1, the USSR
has announced that they will contribute 4 research vessels, and India will deploy
two ships. The deployment and location of these ships during different phases of
the experiment are shown in AppendiX D.
The following is a list of observations that may be made by these ships;

(i)

(ii)

(iii)

(iv)

Surface observations every 3 hours and upper air observations - wind,
temperature and humidity twice a day most of the time, and 4 times a day
during intensive study periods;
Boundary layer measurements from ships: tethered balloon and other types of
observations to obtain temperature, wind, humidity pressure profiles in the
planetary boundary layer;
Oceanograhic observations, consisting of sea-surface temperatures, waves;
temperature, salinity and currents at depths (0 - 500 mts) and other
parameters of importance to air-sea interaction stUdies;
Radiation observation programme:
- recording total solar radiation; hourly measurements of direct solar
radiation in clear sky; radiometersonde observations when feasible;
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(v)

5.7

Standard radar observations of cloud and precipitation fields, when a
suitable radar is available on the ships;
Research aircraft

India is attempting to make some research aircraft flights over areas of
interest to gather useful data.
5.8

Satellite observations

The Data Processing Centre for Monsoon-77 will receive day and night cloud
pictures from polar orbiting satellites. One of the participating Monsoon-77 ships
may also have this facility. Arrangements will be made to receive by post better
quality satellite cloud pictures from USA and USSR.
5.9

Coastal radar observations

By May 1977, a cyclone warning radar (10 cm) is likely to be established at
Goa. Along with similar radars at Bombay, Madras, Vizag, Paradeep and Calcutta and
other 3 cm. radars in India, this will provide good radar surveillance of cloud and
precipitation systems. Radars at Chittagong and Cox's Bazar in Bangladesh will be
an additional help. The frequency of operation of radars will be increased during
active periods.
5.10

Micro-meteorological observations

Buoy stations will also be set up in the areas of stationary ship formations.
Tethered balloon observations are expected from some Soviet ships.
5·11

Intensification of observations

During periods when ships are in stationary formation to monitor the time
variation of different characteristics of monsoon at different locations, upper air
observations at selected stations over the adjoining land will be taken 6 times a
day instead of the usual 2. It will be helpful if all countries in the monsoon
region, could arrange 6 hourly upper observations from a few selected stations.
5.12

Comparsion of instruments and methods of observations employed by
different participating countries

Provision for comparison of instruments will be desirable.
the programme drawn up, this will be done in three phases:
PHASE - I

i)

PHASE - II it~~

n)

PHASE - Ill·,,:)

Vl.)

According to

During 11-13 June when ships call at Bombay
o
0
on 15 June at 1 N, 7 E
on 9 July at 17 N, 71 E
During 11-13 July at Bombay
o
0
During 13-14 August at 20 N, 89 E
During 14-18 August when ships call at Calcutta

6

5
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5.13
Detailed literature on instruments employed and methods of observations
could be exchanged between the participating countries, and one complete set may be
made available at the Data Processing Centre for Monsoon-77.
5.14
It was noted that a detailed boundary layer programme was included in the
Monsoon-77 and that this is an addition to ISMEX-73.
5.15
Considering the need for high altitude ascents, particularly during the
phases when research vessels move along the near equatorial regions, countries in the
mansoon area are urged to take ascents up to 80 mb routinely and up to 50 mb during
special observations periods.
5.16
The build-up phase for FGGE starts in September 1977. It is likely that at
least some of the special facilities to be set up during this period may become
available earlier, which will support the summer monaoon programme in 1977. If a
winter monsoon programme is organized during December 1977, it is more likely to
have support from the FGGE observing system.
5.17
It was agreed that simultaneous organization of an observing system to cover
the monsoon features over the West Arabian Sea and adjoining Indian Ocean during
Monsoon-77 is desirable. Efforts should therefore be continued to obtain contributions for this component.
6.

THE DATA MANAGEMENT SYSTEM

6.1
The Data Management System for Monsoon-77 proposed here has drawn upon the
plans prepared by JOC for MONEX. At the same time the regional nature of the present
effort and the relatively limited participation have been also taken into account.
Discllssions held between Indian and Soviet scientists have largely provided the basis
for the system presented here.
6.2

The Monsoon-77 data management system will include:
(i)
(ii)

(iii)

The observation platforms over the ships, aircraft and land stations;
Liaison on board USSR flagship;

An Operations Control Centre (OCC) in Bombay, with a subsidiary centre in
Calcutta during the final phase;

(iv)

(v)
(vi)
6.3

Data Processing Centre in New Delhi (DPC);
Regional Meteorological Centre (RMC) in New Delhi where the Management Group
will function;
World Data Centres (WDC).
The Monsoon-77 data categories will be as follows:

(i)

Real-time and near real-time with a lag of one day, Level II-a and III-a data
set, will not be validated and will be intended for operational use;
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(ii)
(iii)
(iv)

(v)

6.4

Lag-time data, called quick-look data set, up to a month intended for
selected case-studies by the project scientists;
Final processed data sets obtained within six months after the end of the
experiments;
"All Platform Data" refers to the complete set of observations in the
operations plan by all agencies;
"IntercomparisonData" refers to those observations taken by platforms in
close proximity to one another in special periods of time before and/or
after the observing periods for ships.
Data management policies

Processed data will be made available to users through World Data Centre - B
(Moscow) and also through WMD, if possible.

6.5
Each participating nation will make available the data not processed through
the data processing centre, New Delhi duly validated to the DPC within six months
after the end of the experiment.
6.6

All participating nations will furnish a hard copy of the raw data to the
DCC Bombay/Calcutta when their ships/aircraft call at these centres.

6.7

All processed data by DPC, New Delhi and the data centre in the participating
countries will be accompanied by descriptive material giving details of the methods
of observations and validation, check format and brief description of the instruments
used.
6.8
All processed and validated data will use the common formats specified by
GDPS for FGGE.

6.9

Tasks and responsibilities of the various components in the management system
Role of the Monsoon-77 Management Group in New Delhi;
(i)

Advise and assist in the coordination of specific responsibilities, tasks and
completion schedules, undertaken by the DPC New Delhi, and data centres in
other participating countries and WDCs;

(ii)

Coordinate the development of data processing priorities, which are consistent
with the scientific objectives;

(iii)

Monitor the data flow, its processing, validation and also coordinate changes
in plans and schedules;

(iv)

Provide all communication facilities to the DCC for transmission of information to and from the ships;

(v)

Arrange transmission of charts required by ships and
through RMC and DeC.

w~Cs by

facsimile
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6.10

Functions of

(i)
(H)
(Hi)

(iv)
6.11

acc

during field operations

Ensure receipt of real-time, near real-time, delayed observations and
analyses received from all observation platforms at the DPC New Delhi;
To provide support facilities for ships and aircraft participating in the
experiment;
To exchange data and facsimile charts with ships;
To arrange inter-comparsion of instruments of the participating nations.
Functions of the Data Processing Centre (DPC). New Delhi

(i)
(H)
(Hi)

(iv)

Plan and implement further processing and the validation of all data;
Assemble validated inter-comparsion data sets within 6 months after the
experiment for use by participants;
Prepare documents containing an explanation and an inventory of processed
and validated data;
Send all data (containing the processed and validated data), documents and
inventory to WDC-B.

6.12
A proposal was made as to whether Monsoon-77 data sets can be sent to WMO,
and WMO in turn take up the responsibility of distributing the data to users. It
was explained by the WMO representative that the distribution of data through \VDCs
is an accepted method which was also followed in GATE.
7.

IMPLEMENTATION PLANS

7.1
India and the USSR have expressed a desire to carry out another monsoon
experiment in a continuation of ISMEX-73.
Joint discussions were held by these
two countries. Plans were prepared for the implementation of Monsoon-77. The
implementation plans for summer monsoon studies during 1977 are discussed here.
7.2

First Stage

The duration of the field phase of the experiment is likely to be about
90 0
0
days. I~ oommences with the arrival of .the four Soviet research vessels at 4 N, 93
E on 15 May, and the first comparsion of instruments is scheduled on this day.
From 18 to 22 May the Soviet research vessels move along the equator. During
this phase the quasi-biennial oscillation will be investigated with high radiosonde
ascents from ships, from low latitude land and island stations and rocket launchings
from Thumba (India).
The first period for intensive observations with all the ships remaining
stationary will be from 26 May to 7 June. The location of the Soviet and Indian
vessels expected to participate is shown in Appendix D.
Ships will then move to Bombay for intercomparsion of instruments.
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7.3

Second Stage

The second stage will cover the features of the monsoon after it is fully
established.
A thirdo intercomparsion is planned for 17 Jtme, with the Soviet vessels
around 17°N, 71 E. This will consist of simultaneous radiosonde ascents from the
Soviet vessels and the coastal stations of Goa and Bombay.
The second period of intensive observations with ships at stationary
locations will be from 18 June to 6 July. The location of ships during this phase is
given in Appendix D.

An intercomparsion of radiosondes with Soviet ships at 17°N, 71 0 E on 9 July
and another instruments comparsion at Bombay from 11· to 13 July are also planned.
It is expected that this second stage will cover the establishment of the
monsoon and its active phase.
7.4

Third Stage

The main aim of this phase is to observe the monsoon disturbances,
particularly depressions, which form in the North Bay of Bengal and move westnorthwestwards. The location of Soviet and Indian research ships for the third period of
intensive observations is chosen to cover the area which has the highest frequency
of depressions.
From 18 to 22 July, the Soviet research vessels will move along the equator.
This phase will be used to study the quasi-biennial oscillation with high radiosonde
ascents from the ships and near equatorial stations, as well as rocket launchings
from Thumba.
The research vessels will move from the Arabian Sea and reach stationary
locations shown in Appendix D. The third period of intensive observations is from
28 July to 12 August.
o
Two more incomparsions will be arranged, one out at sea (20 N, 89°E) with
simultaneous release of rawinsondes from ships, Calcutta and Bhuwaneshwar and another
at Calcutta when the ships call there.
A discussion seminar to make a preliminary review of Monsoon-77 is proposed
to be held at Calcutta, when ships call there between 14 to 18 August 1977.
7.5
vfuile generally approving the implementation plan presented above, it was
felt that \iMO may appeal to countries concerned to reactivate upper air stations
on islands.
7.6
The desirability of taking ozonesonde as well as total ozone observations in
the near equatorial region, when the research ships move along the equator, was noted.
These are particularly important for study of the relation between monsoon and
stratospheric features.
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7.7
Attention of the members was drawn to the fact that monsoon sets in over
Colombo by about 20 May. A sugge.stion was made that the movement of the polygon
formation along the equator may be brought forward by a week to ten days. It was
felt that this can only be considered in the context of the overall programme of the
ships concerned.
7.8
It was also explained that the pictures depicting different parts of the
programme are only illustrations and do not show the entire network, particularly to
the east. However the importance of the support of the observational facilities in
the entire monsoon areas was stressed.
8.

OCEANOGRAPHIC PROGRAMME

8.1
Air-sea interaction is particularly important during the monSoon. The
detailed oceanographic observations are planned at the positions of the ships.
8.2
According to preliminary plans, oceanographic observations will be taken
both on Indian and Soviet vessels participating in the experiment. When the ships
are stationary, the Soviet vessels will measure salinity, temperature and other
standard chemical parameters to a depth of 150Om. Observations with bathy-thermographs will be taken. Both these observations will be taken 8 times a day. They
will also set up a buoy from which currents will be measured to a depth of 1000m.
Provision has been made for oceanographic stations even when the ships move from one
location to another.
8.3
Standard oceanographic observations are also expected to be taken from the
Indian vessels. Details of the programme will be worked out in consultation with
oceanographers.
8.4
The need for the development of suitable numerical models incorporating
air-sea interaction was noted.
9.

RESEARCH PROGRAMMES

9.1

Scientific Problems

9.1.1
Considering: (i) the limited resources that will be available and (ii) the
absence of the global observing system designed for the FGGE,Monsobn-77 would aim
at having a close look at some of the regional aspects of the monsoon. Further, this
effort would complement the earlier efforts during IIOE and ISMEX-73. Monsoon-77
could also provide data coverage that may not be available during MONEX.
9.1.2
~onsoon,

(i)
(ii)

While ISMEX-73 provided valuable data on the Arabian Sea branch of the
the plans for Monsoon-77 have five major differences:
There would be stationary polygonal ship configurations of medium size
during the three phases of Monsoon-77.
During the first two phases of Monsoon-77, the USSR polygon centred near
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12N, 67E, would provide data on (a) the fine structure of the strong
westerly low level flow, possibly sampling the axes of two wind maxima,
and (b) the thermal and moisture distributions in the vicinity of zones
of wind maxima.
(iii)

(iv)

(v)

9.1.3
77·
(i)
(ii)
(iii)

(iv)
(v)

9.2

Boundary layer studies would be conduoted during Monsoon-77 in greater
detail. Emphasis would be placed on determining meridional changes in the
base of the inversion layer, baroclinic properities of the planetary
boundary layer and possible air mass discontinuities.
Polygon configurations over the Arabian Sea would also help to document
longitudinal changes in low level processes, including the transition
between a trade like regime to a disturbed monsoonal zone.
A polygon con~iguration would also be employed to study the thermal
characteristics, and wind profiles, associated with depressions in the
Bay of Bengal.
The following scientific problems are identified for study during MonsoonAir-mass characteristics over the equator and the east Arabian Sea during
the onset and developed phase of the monsoon;
Low level jet and the associated thermal and moisture distributions over the
east Arabian Sea during the active phase of the monsoon;
Study of the atmospheric planetary boundary layer including understanding
of the air-sea interaction in the east Arabian Sea during different phases
of the monsoon as well as in the area of formation of monsoon disturbances.
This could lead to satisfactory methods of parameterizing these effects
in numerical models;
Monsoon depressions and mid-tropospheric disturbances in the most cyclogenetic area over the north Bay of Bengal;
Quasi-biennial oscillation in the near equatorial regions; association of
stratospheric wind changes with different phases of the monsoon.
Numerical Experimentation Programme for Monsoon-77

9.2.1
The design of Monsoon-77 will be directed towards the study of regional
aspects of the monsoon. It is desirable that suitable fine-mesh models are
developed in time for Monsoon-77. Global models to study the planetary aspects of
the monsoon are not envisaged as part of the Monsoon-77 numerical effort.
9.2.2
Based on IS}lliX-73, numerical experiments were conducted by a team of
Indian and Soviet scient~sts with a primitive equation baroclinic model at the
Regional Meteorological centre, New Delhi. Efforts are now in progress to overcome
difficulties encountered in the initial experiments. It is expected that this will
lead to an operating fine mesh primitive equation regional model by the time of
Monsoon-77·
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9.2.3
As an additional benefit of the conclusions from Honsoon-77 we expect to
improve parameterizations of processes important in the monsoon flow.
Specifically,
the analyses will help the parameterizations for the boundary layer, cumulus
convection, orographic effects and air-sea interaction. The minimum number of levels
in such a model may be five, with a horizontal resolution of 100 - 200 km. The
vertical resolution may need to be varied in different parts of the troposphere
depending upon the phenomena to be studied. For a few specialized studies, such as
boundary layer effects and monsoon depressions, two resolutions at very low levels
and three for the rest of the troposphere are suggested.
9.2.4
To assist the numerical experimentation programme, it was recommended that
grid-point data from hemispheric objective analysis should be exchanged.
10

TIME SCHEDULE FOR THE EXPERI}ffiNT

10.1
The total duration of the field phase of the experiment is approximately
90 days, begining in the middle of May 1977 and ending in middle of August 1977.
The duration of the experiment is chosen to cover the important phases of the
monsoon.
10.2
The three periods of intensive observations with ships at fixed locations
have been selected in order to study the important changes that occur with the onset
and establishment of the monsoon, and the physical processes associated \.,ri th the
formation, intensification and movement of monsoon depressions and mid-tropospheric
disturbances.

(i)

(H)

(Hi)

26 May to 7 June:
(period of onset)

Change from pre-monsoon to monsoon
conditions over south-east Arabian Sea
o
at 12 N, 67°E.

18 June to 6 July:
(period of establishment)

Further changes over the same location
with the establishment of the monsoon
over the whole of Southern Asia.

28 July to 12 August
(period of maximum
depressions)

Processes in the north Bay of Bengal
(19°N, 89°E) associated with formation,
intensification and movement of monsoon
depressions and mid-tropospheric
disturbances.

vfuen the ships move along the equator before the onset (18-22 May)
and after the establishment of the monsoon (18-23 July) stratospheric changes will
be monitored to study their relation to different phases of the monsoon.

10.3
Minor adjustments in the time schedule will be necessary to accomodate
variations in dates of onset and establishment of the monsoon during 1977.
10.4
It was appreciated that the time schedule presented is according to the
commitments already made. However, the suggestion that the experiment may start a
week or ten days ahead of the scheduled time was noted.
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10.5

The study of the winter monsoon will be carried out in December 1977.
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NATIONAl, CONTRIBUTIONS

11.

In the light of the scientific objectives discussed during the meeting,
all interested nations are requested to indicate their contributions to the
Monsoon-77 Experiment (See Appendix C).
11.1

11.2
The observing system presented covers the summer monsoon and, in particular,
certain regional aspects of the monsoon. National meteorological services may wish
to consider contributions to other components of the summer monsoon, as well as to
the winter monsoon component programme.
11.3
by:

The meeting requested nations to urgently assist the Monsoon-77 Experiment
(i)

(ii)
(iii)

cOlI!pleting the network requirements of WWW before the commencement of
Monsoon-77;
if possible meet the indicated requirements of MONEX before the Monsoon-77
Experiment commences; and
to make contributions to the Special Observing System required for the
different components of the Monsoon-77 Experiment.

11.4
The meeting strongly recommended that the Secretary-General of \VMO be askto take initiative in reactivating the upper-air 50undingstations at Nogadiscio
and Gan Island.

~
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12.

MANAGEMENT STRUCTURE OF THE EXPERIMENT

12.1
In considering a management structure for Monsoon-77, the following facts
have to be taken into account:
(i)

Monsoon-77 will be on a smaller scale than MONEX;

(ii)

Major contributions and participation may be from a smaller number of
countries;

(iii)

A scientific programme for Monsoon-77 has been drawn up by Indian and
Soviet scientists;

(iv)
(v)

Emphasis during Monsoon-77 will be on observing regional components;
The major telecommunication arrangements and data processing activities
will be undertaken by India (RMC/RTH New Delhi).

12.2
While considering the management structure for Monsoon-77, two important
aspects have to be taken into account. The first is the need for a group to look
into the execution of the programme drawn up as well as the coordination work
involved in the collection and processing of data. For this purpose, a Management
Group consisting of representatives of East Africa, India, Sri Lanka and USSR should
be formed. It was stressed that this group should meet during the experiment at
Delhi, where major telecommunication and data processing activities will be
concentrated.
12.3
The second important aspect is the scientific analysis and study of the
data. In this important phase, provision should be made for participation of
representatives of countries in the monsoon area in the analysis and study of data
collected during Monsoon-77. The participants could consist of full time experts
in weather analysis, numerical modelling and data processing.
12.4
India will organize operational units at Bombay and Calcutta to ensure
proper ship-shore-ship communication, flow of data both ways, assist in facilities
for ships and their crew and arrangements for instrument comparison. The cost of
providing the facilities will be borne by the respective countries. The Group will
keep JOC and all participating countries informed of their activities.
12.5
The countries deputing their experts to the Management Group would bear
their expenses. The meeting noted, however, that funds for this purpose may be
obtained from a WHO fellowship when necessary.
13.

FUTURE ACTIVITIES

13.1
The build-Up phase for Monsoon-77 may start immediately. Different nations
in the monsoon area should initiate immediate action for setting up a satisfactory
system of collection and transmission of national data. Special efforts would also
be needed to collect ship and aircraft reports, and to transmit them to centres
concerned.
13.2
The Monsoon-77 data processing centre may be informed of the carrier
(punch card, magnetic tapes, or printed tabulations) on which the daily synoptic
data (both surface and upper air) are preserved by the National Meteorological
Services, together with the name and address of the authority who could supply

- 23 -

copies of the data. This would enable the Monsoon-77 Data Processing Centre to work
out a satisfactory system of receiving by post synoptic data for completing Monsoon77 data sets.
13.3
It would also be useful if countries in the monsoon region could identify a
national agency, which could be contacted on all matters pertaining to the monsoon
experiment, and to which information on the organization of the Monsoon-77 Experiment
could be communicated.
13.4
It was considered desirable to designate one country to coordinate all
matters relating to Monsoon-77. It was decided that India may be chosen for this
purpose.
13.5
It was also felt desirable to hold another meeting, maybe on a small scale,
in December 1976, to finalise arrangements for Monsoon-77.
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Appendix C, p.l

STATEMENTS OF INTENDED CONTRIBUTIONS TO THE
MONSOON-77 EXPERIMENT
EAST AFRICAN COMMUNITY

1.

RMC/RTH facilities

2.

Four combined RS/RW stations - Nairobi, Dar es Salaam, Entebbe and Gorissa
(and possibly Tabora)

3.

Try as much as possible to meet WWW Surface station network requirement

4.

Satellite data (not in real time)

SUGGESTIONS
WHO to ask Somalia to reactivate their RS/RW station at Mogadiscio

1.

Two ships in Arabian Sea and Bay of Bengal

2.

Implement WWW network

3.

4 - 5 additional upper stations in the path of depressions and on islands

4.

6 - hourly observations from about 12 upper air stations during Special
Observing Periods

5.

Radar observations from stations along east and west coasts of India

6.

Radiometersonde observations from 2 - 3 stations

7.

At"l;empts will be made to organize micrometerological observations in a lagoon
off the west coast of Indi.a

8.

Rocket launches from Thumba

9.

Ozone - sonde ascents from a few selected stations

10,

Provide computer based RMC/RTH facilities at New Delhi

11.

Undertake data - processing.
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VlALAYSIA
1.

Daily surface observations from the 19 Principal Meteorological Stations at
the main synoptic and intermediate synoptic hours;

2.

Daily upper air ascent data (radiosonde-radiowind/radarwind) at OOOOZ and
1200Z from Penang (48601), Kota Bharu (48615), Kuantan (48657), Kuala Lumpur
(48647), Kota Kinabalu (96471) and Kuching (96413);

3.

AFT Satellite picture mosaics;

4.

Storm warning radar (10 cm) data from Kota Bharu, Kuantan and Kuala Lumpur;

5.

All available ship and Airep reports;

6.

GTS circuits (Kuala Lumpur - Bangkok;

Kuala Lumpur - Singapore).

PAKISTAN
1.

Daily surface observations from principle synoptic stations (23) at main and
intermediate synoptic hours;

2.

Daily upper air observation (radiosonde - radiowind/radarwind) at

(i)
(ii)
(iii)

00 OOZ and 12 OOZ - Karachi
00 OOZ and 12 OOZ
Jiwani
00 OOZ
- Multan
Quetta
Sargodha
Peshawar

3.

V.S. Radar (5cm) data from Karachi Radar Station

4.

Satellite picture mosaics - Karachi APT Station

5.

Ships and aircraft reports (Coastal radio station Karachi and Meteorological
Office Karachi Airport).

SINGAPORE
1.

An additional radiosonde ascent at 1200 GI~ (Subject to government approval);

2.

To intensify efforts to register more ships to make surface observations;

3.

To intensify efforts in obtaining aireps from commercial airlines.
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SRI LANKA
1.

Daily surface observations from 18 principal meteorological stations at the
main synoptic hours;

2.

Daily upper air ascents (RS/RW) at OOOOZ and l200Z at Colombo (43466);

3.

Daily pilot balloon observations at 0600z at Colombo (43466) and daily at OOOOZ,
0600z and l200Z at Mannar (43413), Trincomalee (43418) and Hambantota (43497);

4.

All available ship and Airep reports.

SUGGESTIONS
WMO/ICSU to initiate action with the Maldivian Government to reactivate surface
and RS/RW observations at Gan Island. If necessary, training of personnel will
be provided by Sri Lanka.

THAILAND
1.

Daily surface observations from all synoptic stations at the main synoptic hours;

2.

Daily upper air ascent data at 00 OOZ, 06 OOZ, 12 OOZ and 18 OOZ from four
stations; Bangkok, Chiangwai, Ubon and Sougkhla;

3.

APT satellite picture mosaics;

4.

Storm warning radar data from Sougkhla and Bangkok;

5.

All available ship and Airep reports.

U.S.S.R.

4 ships
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Four charts, submitted by India/USSR,
showing:
i) Movement of Soviet Research vessels
ii) Location of ships during the three
Special Observation Periods.
a) 26 May - 7 June 1977
b) 18 June - 6 July 1977
c) 28 July - 12 August 1977
are given in this document.
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