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FOREWORD

Thie publication, the fifth in the series of GARP Speclal Reporis
containg the report of the seoond session of the Tropical Experiment Board ETEB)
of the GARP Atlantic Troploal Experiment {(GATE), held in Geneva from 14 to 16
December 1971, Invitations to participate in the session were issued by the Secre-
tary-General of WMO on behalf of WMO and ICSU.

The TEB was established by WMO and ICS8U. Ite functions are %o act as
the cemiral international body for the planning and implementation of GATE. This
experiment will be carried out by an international team of scientiste using ships,
airéraft, ocean buoys, land observing stations, satellites and many other new
teochnological devices. Expressed in ite simplest terms, the aim of the Experiment

"1s to acquire a more detailed knowledge of how the radiant energy from the sun is
transformed into heat energy which is in turn converted into kinetic energy in the
form of atmospheric motions of varying scales and patterns over the vast area
gelected for the Hxperiment. It is expected that the Experiment will contribute
pignificantly in extending our knowledge of the atmomspheric fluctuatione in the
tropics which are undoubtedly linked with variations of the circulation in the
higher latitudes; it is therefore directly relevant to the whole problem of the
global atmospheric ocirculation, This is an enormously complex task that can only
be undertaken through international collaboration of an unprecedented character.:

The firgt session of TEB established the Interim Scientific and Management
Group (ISMG) for the purpose of preparing a Preliminary Plan for GATE. This Plan
wag presented to the second session of the Board and a condensed version appears as
Appendix C to this report. The ISMG working in the WMO Secretariat has succeeded
in performing its allotted task of producing the first GATE planning design in a
- way which demervea the highesat praise.

The findings and reccmmendations made by the Board will be considered
in due courase by competent bodies of WMO and ICS5U, Pending such consideratien
action i# however being taken on certaln of the more urgent interim measures proposed.

I wish to express my appreciation of the co-operative spirit and
interest shown by all the delegates to the second session of the Board, and to the
ISMG for ite - excellent contribution to this unique scientific endsavour.

> L

Secrstary-General,, WMO
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1. ORGANIZATION OF THE SESSION

1.1 Opening of the session
1.1.1 The second session of the GARP Tropical Experiment Board (TEB) was

opened at 10 a.m. on 14 December 1971 at the WMO Secretariat by the Chairman of the
TEB, Dr. B.J. Mason.

1.1.2 The Secretary-Gensral of WMO, Dr. D.A. Davies, welcomed the participants
and expressed his pleasure and satisfaction in so doing. He recalled that 1t was
only some four years ago that the original agreement was signed between WMO and

I1CSU, and that already GARP had become on all sldes a symbol of hope and promise

for a much-needed and long-awaiied major improvement in man's understanding of the
atmoepheric processes and in the applicatlon of this knowledge for useful practical
purposes. Dr. Davies mentioned that since GATE would be the first GARP experiment,
the second gession of the TEB would take on added importance. He took the opportunity
to pay tribute to the Interim Scientific and Management Group (ISMG) which had been
breaking new grounds, facing new problems and adopting new methods. The ISMG had
succeeded in performing its allotted task of producing the first GATE planning
design in a way which deserved the higheast praise and the substantial document which
contains this plan bears witness to the collective skill, perserverance and devotion
to duty of Dr. Kuettner, Dr. Rider and Dr. Sitnikov. In thanking the ISMG, Dr.
Davies also mentioned his gratitude teo Dr. White, Dr., Mason and Academician Fedorov
for baving shown their falth in the uniried conscept of the ISMG by placing such
competent sclentiste at the disposal of the planning effort. . In conclueion

Dr, Davies wished the Board every success in its important work and re~affirmed

his willingness fo assist the meeting in every possible way.

1.1.3 Prof. B. Bolin, Chairman of the JOC welcomed the participants on behalf
of the International Council of Scientific Uniona (IGSU) and expressed his sincere
hopes and best wishes for the meeting, which signified one further important siep
in the co-operation between ICSU and WMC. In conclusion Prof. Bolin also thanked
the ISHMG for thelr efforts.

1.1.4 The list of participants is reproduced in Appendix A.
1.2 Election_of Chairman
1.2.1 Dr, B.J. Mason was unanimously re-elected Chairman of the Tropical

Experiment Board for the duration of the session and up to the next session of the
Board. .

1l.2,2 Dx. Mason thanked the Board for their confidence in him and accepted
his nomination with pleasure. He mentioned the complex and difficult task that the
Board had to face in a short time and expressed the hope that the meeting would
produce a useful and concigse document, to be presented to Member govermments by
January 1972.

1.3 Approval of the agenda

1.3.1 After a slight addition to item 7, by the inclusion of the word
"jocation", the proposed agenda was adopted. The approved agenda is reproduced
in Appendix B.



1.4 Working arrangements

1.4.1 The Board decided to meet mainly in plenary Besaions, small working
groups would be formed when necessary. , ]

2. MEMBERSHTP OF THE BOARD

2.1 The Board learned with regret that the Government of Belgium would no
longexr be able to participate in GATE and that consequently Belgium would no longer
take part in the work of the Bosrd; Japan had expressed regret that it would be
unable to participate in this TEB seseion.

2.2 The Netherlands had indicated the likelihood that the ship "Snellius"
would be able to take pari in GATE. Since this would represent a significant
contribution to the Experiment, the Chairman .of TEB, acting on behalf of the Board
betwsen sessions in respeoct of its membership, had asked the Secretary-General to
invite the Netherlands to become a member of the TEB. The Netherlands accepted
this invitation and designated a permanent member to serve on the Board.

2.3 Finland had also indicated its intention of contributing substantially
to GATE (see paragraph 6.6) and the Secretary-General had extended an invitation to
Finland, on behalf of the Chairman of TEB, to become a member of TEB. The
Government of Finland accepted this invitation and designated a permanent membex

to serve on the Board.

2.4 The Board agreed to the proposal submitted by the ISMG that Dakar

is a suiteble location for the primary base for ships and aireraft taking part in
GATE. Dakar is also recommended as the location of the GATE Operational Control
Centre. The Board understood that Senegal was willing to contribute substantially
to GATE by providing major operational bases and would thus qualify for membership
on the TEB. The Board therefore requested the Secretary-General to explore with

the Government of Senegal their potential contributions to GATE and the desirability
of Benegal becoming a member of TEB.

2.5 The TEB now consists of the following members:
Canada Portugal
Federal Republic of Germany U.8.8.R.
Finland United Kingdom
France T.5.4,
Netherlands

3. REVIEW OF THE DECISIONS AND COMMENTS OF THE SIXTE WORLD METEQROLOGICAL
CONGRESS AND THE WMO EXRCUTIVE COMMITTEE CONCERNING THE TER

3.1 The Board was informed of the various matters discussed by the Sixth
Congress of WMO and the twenty-third sesslon of the Executive Committee concerning
GATE and decided to take appropriate action under the relevant agenda items.




4. FPRESENTATION BY THE ISMG OF THE PRELIMINARY PLAY FOR THE CONDUCT
OF GATE

4.1 The members of the ISMG made a verbal presentation of their experimental
design proposal for GATE as contained in Volume I of the report submitted to the
sesgion. Volume II consiste of annexes containing contributions by numerous experts
who have worked with the ISMG and reference material (Volume II ia available on
request), Dr. J.P. Euettner, the senior sclentiet of the ISMG, desoribed ths

general approach to the experiment design, including the scientifiec problem and
objectivern; Dr. N.E. Rider then presented the plan for the deployment and opera-
tion of obmerving platforms and systeme for data management, and Dr. I.G. Sitnikov
described arrangements related to numerical modelling, parameterization, analysis

and prognosis.

4.2 The Tropical Bxperiment Board was unanimous in warmly commending the
report of the ISMG and agreed that 1t set out the objectives, the plan for conduct
and the requirements of the experiment with great clarity and in adeguate detail.
The Board suggested some minor points of amendment and updating, and in expressing
its appreciation to the ISMG, recommended that, subject to these and other eamend-
ments arising from discussion of items 5 and 6, Volume I of the report be published
in the GARP Publication Series. This publiocation should be circulated to governmente
of participating countries. A shorter dut definitive document, which would clearly
spell out the requirements in terms of equipment, shipa, aircraft, satellites,

etc (see paragraph 6.1 and Appendix C), prepared on the basis of the ISMG report,
would be sent to all governments having membership on the Board and to governmente
within the GATE area.

5.  DISCUSSTOK OF THE PRELIMINARY PLAN FOR GATE

5.1 The Board felt that given the allocation of the defined resources and
the succeesful development of certain critical observing techniques, GATE can be
carried out in 1974 and recommended the first day to be 15 June 1974. The experiment
will continue for 100 days, that ie, until about the end of September.

5.2 It was 2 unanimous feeling of the Board that, given the observational
data called for in the plan, GATE can fulfil the sclentific objectives which are
oclearly stated in the ISMG report. The Board suggested that the priority given to
the items listed in Table 5 of the preliminary plan should be re-examined.

53 Considering that the conduct of independent national programmes in =
common geographical arsa will not suffice if the aims of the Central Programme are
to be achieved, the Board recommended that the nations contributing major rescurces
agree to use their resources Jjointly in a concarted and well co-~oxdinated acientifio
effort.

5.4 Before oonsldering specific details of the plan, the Board discussed

the extent to whioh oceancgraphic work could be incorporated in the expsesriment.

The Board was informed that the oceanographic component of GATE wae now under
development with the active participation of oceanographers in several nations. It
wag noted that oceanographic observation in the mixed layer of the ocean are
abaclutely essential to the objectivem of the experiment. In addition, a number of
acientific projecta of interest to physical, biological and geologlcal oceanographers
have heen proposed, which could effeotively utilize the GATE platforms and which
would benefit from the concurrent meteorologioal cobservation. The Board weloomes



the participation of oceanographers, noting that while GATE must remain first end.
foremost a meteorological experiment, many complementary oceanographic studies should
be possible which would not jeopardize the meteorclogical programme., The Board was
informed that a meeting of SCOR would take plaoce in Copenhagen in January 1972 and
noted that Dr. R.W. Stewart would represent JOC, but felt that it would also be
desirable for a member of the ISMG to attend this meeting in order to explain the
plane for the conduct of GATE.

5.5 Moreover, the Board agreed that there would be great advantage in
having an oceanographer among members of the SMG for GATE, and noted with satisfac~
tion that the Chairman of IOC hopes to arrange with the Netherlande for an oceanoc-
grapher to join the SMG for a peried of 3 to 6 montha.

5.6 The Board learned wilth interest that the Federal HRepublic of Germany
was planning to carry out a national oceasnographic programme in conjunction with
"GATE. This programme would foous on the mixed upper layer of the sea, on areas of
free upwelling, on the equatorial under-currents and also on ocean wave spectra,
using between ten and twenty instrumented buoys.

5.3 o Tge Boagd dec%ded tgat thg Anscgle area forOGATE ghoul&obe ag follows:
24°N, 95°W; 24N, 70°W; 20N, TOW; 20N, 47 'E; 105, 47 B 108, 95°W. Related
to the general srea approved by the Exeountive Committees of ICSU and WMO in 1970,
this represented a slight extension of the emstern and western boundaries and an
additional area to permit the inclusion of a few more upper-air stations.

5.8 The Becard further recommended that SMG should work out an operational
plen, including a plan for communications. In this plan consideration should be
given to the proposal that some five ships across the GATE area carry out continuous
observations throughout the project period; and also that two additional ships
should be located onm the equator. The Board asked SMG to continue to atudy and
evaluate climatological and synoptic data presently available from the GATE area.

5.9 Regarding the B-scale area, based on analysis of available dafa
concerning the nature and frequency of ooccurrence of the convective phenomena of
interest and also based on logistical constraints,othe Boarg decided that the area
should be in the Eaptern Atlantic centered near 10 ¥ and 27 W. The Board felt that
in principle the B-ascale observing metwork oould remain in one fixed position
throughout the duration of the experiment rather than being moved in latitude with
the expected mevement of the belt of maximum sea surface temperature as recommended
by ISMG. Regarding the actual geometry of the B-scale ship network, it was agreed.
that this should be determined once the avallable number of these ships is known.

5.10 The Board agreed that, for the oceanic A and B-scele observing network
a total of about 27 dedioated ships, 12 for the A-scale and 15 for the B-scale
obaerving network, 1is needed. Of these:

(a) all ships should be capable of deploying radiosondes and measuring
upper winds at least to the 80 mb level;

(v) a majority should be able to undertake temperature-salinity-depth
soundings;

(o) about nine ships be fitted with wind-tracking and weather radar;

preferably the weather radar should be of the C-band (5.7 om).




5.11 The Board decided that in connexion with the proposed schedule of

ship movements, the "zero" day should be 15 June 1974, allowing at least a week

at the beginning for intercomparison purposes. This would mean that phage I of the
project would occur at the beginning of July and that the experiment would last for
100 days, that ia, until about the end of September 1974.

5.12 The Board decided that the SMG should continue the development of
details of various GATE sub-programmes to ensure proper input from these to the
central programme. Especially needed is further development of the boundary-layer,
radiation and occeanography sub-programmes in the overall plen for GATE.

5.13 The Board agreed that for the C/D-scale observations a total of at
least 12 dedicated aircraft is needed. Of these:

(a) all should be equipped with at least some wind-finding facility
and temperature and humidity sensors;

(B) nine fully-instrumented aircraft (including three jets) with a range
of 4,000 km or mors and, desirably, dropsonde capability, should
participate in co-ordinated group flights over the B-gcale area;

(c) two more long-range aircraft should be equipped with advanced infra-red
scanners for sea-purface temperature mapping;

(a) three aircraft should be fitted with advanced motion sensing and
turbulent flux prodes.

5.14 One member of the Board felt that penetration of cloud clusters by

what would of necessity be long-range aircrafi, was a somewhat hazardous undertaking
and felt that measurements could be carried out in analagous cloud conditions in
more convenlent localities and the results applied to GATE. However the Board was
not able to explore this guestion fully and referred the subject for further study

5.15 There was conglderable discusslon as to the type of weather radar for
quantitative assessment of precipitation which should be carried by ships in the
B-mpcale network. The Board recommended C-band radar (5.7 om wavelength) for this
purpose, but appreciating that it might be impossible for all platforms to be =o
equipped, agreed that X-band radar (3 cmrwavelength) would be better than none at all.

5.16 In view of the probable limitations of weather radar in making
quantitative assegsments of precipitation, the Board requested the SMG to consider
the possibility of using some other means of measuring rainfall amounts aboard the
ocean obaerving platforms, and to dvaw up a plan for co-ordination of all precipita-
tion measurements. .

5.17 The Board considered that reliable operation of existing and planned
WWW stations with twice~dally radiosonde and wind soundings in the GATE area is a
necessity for the success of GATE., Telecommunications to receive theee data within
two hours at the WMCs, RMCs and the GATE Operational Control Centre are equally
vital for the operation of GATE. The TEB conflirmed these urgent requirements and
asked the TEC to collaborate in testing the operation of these systems during an
"early test period" for GATE in the summer of 1973 according to a test-operational
plan to be prepared by SMG.



5.18 The Board was in general agreement that the single obseerved parameter
of greatest importance to the sucocess of the experiment was the direct wind measure-
ment at all levels. Sinoce 1t will be too difficult and too expensive to equip all
ships with stabilized radar, it was noted that GATE will depend on the availability
of an OMEGA navigetional~type wind-finding system since LORAN coverage would not be
available in the GATE area. The Board recommended that every effort be made to
develop the OMEGA wind~-finding techniques and to bring it to an operational stage
with the accuracy called for in the Flan by early 1973, so that OMEGA will be usmed
during GATE as widely as possible. The Board acknowledged the information that a
paper on the OMEGA dropsonde requirements and technology will be made avallable %o
interested members by the U.S.A. and regueepted to be kept informed of further
developments of these techniques.

5.19 The most critical problem in data collection and compatability will
arige from the variety of obmerving techniques used by the participating countries.
This difficulty, it was felt, can only be overcome by an agresment of the participa-
ting nations to use identical observing tools and methods wherever possible and to
conduct intenslve inter-comparison and calibration tests prior to GATE. The Board
stressed the importance of using a minimum of different types of sensors, parti-
oularly in respect of rawinsonde ascents. It was noted that, in fact, there would
probably be only two types of sonde and three types of tracking equipment umed by
ocean platforms in the B-scale area. The Board recommended that observing techniques
which are not fully developed or tested prior to the commencement of GATE should not
be made part of the basic obaerving systenm.

5.20 The Board strongly recommended s preliminary trial during the

northern hemisphere summer of 1973 {(in addition to the period of approximately one
week provided for in the schedule of ship movements immediately prior to phase I

of the experiment) whioh would permit, amongst other things, inter-comparison and
inter-calibration of observing equipment and techniques and test of the communications
system. This preliminary triael should preferably be held in the actual area of the
experiment, but if this proved impossible it would still be of value if held in the
north Atlentlc or elsewhere, The Board reguested the SMG as s matter of urgency to
draw up a plan for such & preliminary trial, assuming that three or more countries would
participate, and it was hoped that a special effort would be made to obtain the
maximum possible upper-air data from the adjacent continentalareas during this

period of the trial. :

5.21 Regarding the role of satellites in the experiment, the scientific
objectives of the plan as accepted now assumed the availability of a gecstationary
satellite over the eaat Atlantlc and the Board reiterated that the presence of a
geostationary satellite over the GATE area was espsential and noted with apprecia-
tion that the U.8.A. presently is planning to place such a satellite over the GATE
area in time for the experiment. Discussing measures to take in the event that major
obegerving components such as satellites could not be provided, the Board felt that
after 1972 it would be very diffiocult to postpone or cancel the experiment and
requested the SMG to give consideration to the need for a "ocontingency plan® for

the conduct or postponement of the experiment in these circumstances.

5.22 Although GATE will make full use of the existing facilities, a GATE
Operational Control Centre (GOCC) and a GATE Data Centre (GDC) will have to be
added. BSMG was requested to prepare for the next sesaion of the Board detailed
requirements for GOCC and GDC.

5.2% The Board unanimously agreed that, since Dakar was already a WWW
Regional Meiteorological Centre and Regional Telecommunication Hub, and in view
of its pultable geographical location in respect of the B-scale area, its airport
and ite harbour faecilities, the GOCC might be located at Dakar. The Board




appreciated that this would be a major contribution to the experiment and asked

the Secrefary-General of WMO to investigate with Senegal the arrangements under
which these facilities could be made available. It recognized that additiomal
facilities such as satellite data recelving stations, communications and special
high-speed computer equipment, will also be required. It hoped that these special
facilities could be contributed by other TEB member governments for the duraticn

of the experiment. The Board will have to consider these matters in greater detail
at its next session.

5.24 ) Regarding the plans for data management, the Board recognized that

this matter was extremely important and required detailed co-ordination at national
and international levels. In particular, detailed planning for the GOCC and GDC

had now becoms urgent. The Board stressed the importance of arranging standar-
dization of formate and media for use when data are submitted to the data centres
participating in the experiment and recommended that all data collected in GATE
should be available to all natione at the earliest possible time. To achieve an
orderly and timely processing and validation of all basic data the SMG was requested
to work further on the development of 2 data management plan once the available
resources are Knowi.

6. NATIONAL CONTRIBUTIONS REGUIRED FOR GATE

6.1 The Troplecal Experiment Beard, noting that the report of the ISMG
on the experiment design proposal for GATE made a clear and realistic assessment
of the requirements for the Buccessful conduct of the experiment, decided that a
concise document should be drawn up in non-technical terms explaining the
objectives of GATE and setting out the requirements to be met by participating
countriea in terms of observation platforms, equipment and expertise. The Board
drew up & draft of such a document which is reproduced in Appendix C.

6.2 The Board agreed that this document should be circulated as soon as
poseible by the Secretary-General of WMO to the appropriate governmental authority
of all countries within the GATE area and to other countries which had expressed
interest in participating in GATE, with a copy to the Permanent Hepresentative of
the country with WMO.. Countries intending to contribute should be reguested to
make known their firm commitments of platforms, equipment and expertise before

31 March 1972. These should be studlied and assembled by the SMG for presentation
to the third seseion of TEB.

6.3 Ap well as commiiments in material, the Board urged all participating
countries which could do so to nominate experts to work on a long-term basis (i.e.
8-12 months or longer) with the SMG. The subjects which require to be covered by
the group include instrumentation and cbservational technigues, satellite and
radiation programmes, aireraft obeerving programmes, instrumentation and flight
operations, boundary-layer programme, logistics and communications, data management,
tropical numerical models and parameterization programme and oceancgraphic aspects.
The field of expertise and the period of availability of experts who could be
released within the next few months for work with the SMG should be conveyed to the
Sacretary-General of WMO by 31 March 1972.

6.4 Noting with some concern that & recent survey of upper-alr observations
received from the 53 WWW stations in the original GATE area showed that only beitween
34 and 37 pexr cent of the scheduled cobservations were received at the WMC Moscow,
the Board emphasized that GATE would rely heavily upon the efficient transmission



of reliable data from existing stations, and on the eatablishment of all new stations
in the area scheduled for implementation in the World Weather Watch Plar 1972-1975

in time foxr the experiment. It was pointed out that there was 1little value in
setting up a costly network of observing platforme over the ocean if the network

in adjacent continental areas remained -inadeguate. The Board was pleased to learn
that the Secretary-General of WMO had agreed to draw the attention of donor countries
under the WWW Voluntary Assistance Programme (VAP) to the importance of achieving

an adequate network of upper-air stations within the GATE area in time for the
experiment and asked the Secretary-General to take all further steps possible to
golve the problem of data gaps in continental areas. The Board also recommended

that the TEC give aspeclal attention to the problem at its next session, and support

a test programme in the GATE area during the ftest period of 1973 recommended in
paragraph 5.20 above.

6.5 The Board wished to draw the attention of all countries with observing
stations within the GATE area to the need for recording obmservations on computer~
compatible msdia (i.e. magnetic tape, punched cards, etc). As pointed out in
paragraph 5.24, the 8MG was requested as & matter of urgency to give attention to
the media and formats to be used for this purpose.

6.6 The Board noted with appreciation comments made on national contribu-
tions as follows:

- The offer of Portugal to co~operate 1f a member of the SMG and
the WMOQ Secretariat wished to visit the Cape Verde Islands 1o make
an assessment of the facilities there.

=~ That the Netherlands planned to install a temporary radiosonde station
in Burinam in addition to the possible availability of the ship
"Snelliuas"™.

- That Finland had promiged at least nine complete upper-air stations
offerad under VAP which would remain after the completion of the
experiment and also to man with personnel from Finland one of these
gtations for the duration of the experiment.

The Board also noted that one of the three survey ships originally intended am a
contribution by the Federal Republic of Germany would now appeaxr not to be
available.

6.7 For purposes of resupplying A and B-scale ships, it was agreed that
the majority of the ships would probably use the port at Dakar, although some
A-scale ships in the more westerly parts would use western Atlantic porits such as
Barbados or ports in the north-eastern part of South America.

T« ITHE ORGANIZATION, LOCATION, OPRRATTON AND ESTABLISHMENT OF THE SMG

7.1 The need for a Scientific and Management Group (SMG) in order to

ensure the scientific and technological coherence of all the national efforts in
GATE planning had heen discussed at TEB-I and by the WMO Executive Committee, which,
at its twenty-third session, had requested the Secretary-General of WMO to recruit
a director and deputy-director for the SMG as soon as nominations had been received
from the Troplcal Experiment Board. The Board unanimously agreed that the SMG
should be established as of 1 January 1972 and that it should start work on the
problems of the experiment ap soon as possible. The Board asked Dr. Euetiner to act
ag Director of the SMG until such time as a formal appointment i1s made.




T.2 Accordingly, the Board decided to ask the Secretary-Censral of WMO

to adveriise the posts of director and deputy-director of the SM3 as scon as passible.
The Board unanimously expressed the opinion that if Dr. Kuettner, Senlor Scientist

of the ISMG, should be available, he should be offered the post of Direetor. The
representative of JOC stated that this opinion was also shared by the JOC.

T3 Although the ISMG has completed the main part of its responsibilities
and ite members would return to their respective national services immediately aftexr
the conclusion of TEB-II, it was considered desirable to maintain their services
until the SMG long-term experts are named. The Board requested the Secretary-General
of WMO to arrange for necessary continuity to be maintained by keeping the former
members of the ISMG informed of developments and by convening occasional meetings
with them as and when necessary.

7.4 As noted in paragraph 6.3 the effesctivensss of the SMG will be
dependent upon obiaining long-term experts of the right scientific background and
in sufficient numbers., The Secretary-Gensral of WMO was asked to appeal to the
participating governments to assign such experts to the SMG when he transmitted the
report of the mession and the GATE plan. This appeal should stress the type of
persons needed and indicate their general terms of service. In connexion with the
terms of serviece of the seconded personnel, it should he made clear that the
Secretary-General of WMO is authorized to meet travel costs of experts while on SMG
business but that all their other costs will need to be met by the respective
countries concerned. '

7.5 The Board in general reaffirmed the terms of reference of SMG as

agreed at ite first session. 4As the activities of SMG would cover a wvery wide

range of gpecialized fields it was felt that i1t would be necessary to allocate
responsibility for different fields to individual members or perhaps small groups
within SMG. As a corcllary to this, it would be eassential to ensure that the persons
nominated by governments to serve on the SMG should cover all the necessary fields
(see Appendix D). Small gaps in the expert knowledge of the SMG as a whole could
probably be filled by ad hoec arrangements, bul major gaps would create sericus
difficulties. The experisence of the ISMGwrking in the WMO Secretariat would, of
course, provide valuable guidance to the SMG in organizing its work.

7.6 The Board noted that in its budget for the four-year period 1972-1975
the Sixth Congress of WMO had provided for a sum of U.S. $700,000 as "direoct WMO
support to GARP", and that the Executive Committee had alloocated for the first year
of the period (1972) the sum of $150,000. Whilst it recognized that other GARP
activities requiring "direct WMO support" will have to be met from this source, the
Board expressed the strong hope that the Secretary-General of WMO would allocate most
of this sum to costs arising from SMG activities.

TT Regarding the future location of the SMG, the Board recalled that the
Executive Committee of WMO at its twenty-second session had referred the gquesition
to the TEB for decision and that TEB~I had accepted the United Kingdom's offer to
house the S5MG at Bracknell. The representative of the U.K. reaffirmed his
government's offer and informed the Board that accommodation at Bracknell for about
20 persons would be available afier 1 April 1972.

7.8 The delegate of the U.S5.5.R. noted that: (a) the Sixth World Meteorolo-
gleal Congress in Resolution 5(05-?1) had urged Membere to provide the necessary
support for the Experiment by helping in its fuwrther planning, and alsoc that both
EC-XXII and EC-XXIII clearly stated that the Scientific and Managament Group (SMG)
ghould consist of a director and deputy-director both recruited as intermational
civil servants, and also long-term consultanis seconded from the participating
countries to SMG; (b) the work which would have to be carried out by the lesaders
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of the SMG would mostly be of an organizational, international co-ordinating and
administrative character; and {c) the results achieved during the last year by the
ISMG working within the WM{O Secretariat in Geneva had been excellent. He therefore
proposed that the director and his deputy in their role as international civil
servants should both start their work in the WMO Secretariat in Geneva. Some of
the long-term experts seconded by their counitries might, however, start their werk
at Bracknell. The next sesslon of the Board should discuss further, 1if neceasary,
the location aspects of the SMG in the light of experience.

1.9 Some members expressed strong doubis about the practicability and
efficacy of spiitting the SMG between two localities., However, other speakers
expressed the view that locating the SMG in two places, whilst it might appear
inexpedlent at this time, could prove to be a possible way of performing the
dutiea with which it was being charged,

-T7.10 After a long discussion, the majority of the members of the Board
recognized that the SMG would have to carxy out substantial activities both at
Bracknell and at Geneva and that 1t would therefore be necessary to have adequate
direction of the work in both places. It was therefore decided that at the outset
one of the two international civil servants (i e. the director or deputy-director
of the BMG) should be located in Geneva and the cther in Bracknell. It was further
decided that the situation would be reviewed by the TEB as the programme of work
develops.

7.11 The representative of the U.5.5.H. declared that in view of the above
decision regarding the loecation of the SMG, the U.S5.5.R., reserves 1its position on
the question of seconding long-term experts for work with the SMG.

T.12 The Board considered it eassential for the impleméntation of GATE and

itas many international aspeocts that the established close co-operation between the
ISMG and the Secretariat of the WMO and the JPS be maintained by the SMG.

8. DATE, PLACE AND SUBJECTS OF THE NEXT TEP SESSION

The Tropioal Experiment Board decided that its third session
should be held as soon ag the contributions to GATE of particilpating countries
were known in order to give any necessary guidance to the SMG on the line of
action to be taken in view of the avallable facilities. The Board therefore agreed
that the tentative date for the opening of the session should be 27 April 1972 at
the WMO Secretariat in Geneva.

9. BREPORT OF THE SESSION

Noting its decision regarding the publication of Volume I of the
ISMG's report {see paragraph 4.2) and the document for cireulation to participating
governments (see paragraph 6,2), the Board decided that the report of the second
sespion should be drawn up and distributed in a similar manner to the report of
the first session, that is, as a GARP Special Report.
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1. INTRODUCTION

1.1 The Atlantic Tropical Experiment (GATE), scheduled for the summer of
1974, will be the firset major observational experiment of the Global Atmospheric
Research Programme (GARP) sponsored jointly by the World Meteorological Organiza-
tion and the International Council of Sclentifiec Unions. The objectives of GATE
are to study the structure and evolution of weather systems in the tropical eastern
Atlantic and to asmess the extent to which these tropical disturbances affect the
behaviour of the whole atmosphere. It 1s believed that tropical convective storms,
besides being a domlnant feature of the weather in the tropics, provide a strong
driving force for the whole atmosphere and that they transport vast quantities of
heat and moisture from the tropical oceans into the atmosphere at higher latitudes
and therefore affect the weather everywhere.

1,2 Great progress has been made in recent years in devising new methods

of observing the weather from setellites, and in formulating very complex
mathematical models of the global atmosphere which, with the help of giant computers,
are used to make good mathematical predictione of the broad scale features of the
weather for two or three days shead. Such techniques are gradually replacing the
traditional subjective methods in many countries.

1.3 Experience with these models and current research indicate that
reliable forecasts for a week ahead and perhaps longer are capable of being achieved
within the next few years, provided that adequate observations of the global atmos=-
rhere are forthcoming., One of the objectives of GARP will be to determine the
minimum requirements for the global weather observing system and to determine to
what extent the range and accuracy of weather forecasts are set by the atmosphere
itself, ;

1.4 Firet priority has been glven to the itropical experiment because we
know soc little about the behaviour of tropical weather systeme and how to incorporate
them into global models.

1.5 The proposed tropical experiment, whose objectives and plans are briefly
summarized in the following pages, calls for a combined task force of satellites, some
30 ships and 10 large aircraft, and will be by far the largest and most complex
international scientifle experiment so far undertaken. In celling fér an unusual
degree of joint international planning and manpagement, it provides a major challenge
and opportunity for the participating nations o work elosely together as a combined
team on a problem whose solution will be of ultimate benefit to the whole world.

2. THE OBJECTIVES

2.1 The Global Atmospheric Research Programme (GARP) has been established

by the World Meteorologiocal Organization (WMO) and the International Council of
Scientific Unions (IGSU) as & long range programme to understand the transient
behaviour of the atmosphere which controls changee in weather over the whole world.

As our improved understanding of both the high latitude weather systems and tropical
veather sysiems is included in more realistic models of the atmosphere, man siands

to benefit significantly through improved forecasts by being better able to plan for
the changing weather in both the troples and at higher latitudes. Purthermore, this
incrsased understanding is fundamental to a better understanding of the physical basis
of climate and its possible change, through natural or man-made influences.
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2.2 The GARP Atlantic Tropical Experiment (GATE) has been developed as a
major contribution to the Global Atmospheric Research Programme. The primary aims
of GATE are to extend the knowledge of those agpects of the meteorology of the
equatorial belt which are essenitial for a proper understanding of the eirculation

of the earth's atmosphere as a whole. The knowledge and experience derived will

also provide a basis for a major advance in the understanding of tropical meteorology
and for development of weather forecasiing in the equatorial belt.

2.3 The atmosphere and oceans of the tropical belt contain the main heat
sources which drive the general circulation of the atmosphere as & whole. Fluo~
tuationa in thie belt are undoubtedly linked with variations of the eirculation in
the higher latitudes, although the nature of these connexione is as yet obacure.

2.4 The GARP Atlantic Tropical Experiment aims to provide a basis upon
which to develop methods for estimating the effects of the smaller tropical weather
systems on the larger scale circulations. This is possible because the tropical
atmosphere is noteworthy for convective storms and there is 1ittle doubt that this
convection is & major factor in the vertical iransport of heat, water vapour and
probably of momentum. Satellite photographs show that a major part of this
convection oceurs in organized "cloud clusters".

2.5 The GATE, therefore, has been designed to provide a deseription of the
internal structure of a number of these cloud clusters, to estimate the vertical and
horizontal transport of heat, moisture and momentum associated with the systems and
to relate them to movements of the tropical atmosphere.on a larger scale. This
requires observing systems on a broad scale to define the large-scale disturbances of
the wind field and on & finer scale to resolve the internal struciure of the cloud
clusters and their effects on the ciroulation in their immediate environment.

2.6 A full underegtanding of the behaviour of cloud clusters and the
transport of heat, water vapour and momentum ariping from them will not be achieved
without & concentrated international observational programme in an appropriate
geographical area. Some of the significant aspects of {the proposed experiment in
the Tropical Atlantie are discussed in the following sections.

3., THE MANAGEMENT

3.1 It was recognized early in the planning (July 1970) that full-time staff
would be required to prepare the detailed plans for the experiment and to take part
in the processing and scientific analysis of the vast amount of data which would
acerue. A Scientific and Management Group (SMG) was therefore proposed to be headed
by a director and hisg deputy who would carry out the functionm of scientific leader
and project manager between them. These two would have the status of international
eivil servants and the remainder of the Group would be seconded by participating
countries who would pay their salaries and allowances. This proposal was considered
and approved by the Executive Committees of WMO and ICSU whe, recognizing the urgency,
set up an Interim Scientific and Management Group (ISMG) in Autumn 1970. 4 novel
interpational management arrangement has been created under the auspices of WMO and
ICSU. The Tropical Experiment Board, comprised primarily of representatives of the
governments of those countries planning substantial contributione to the conduect of
the experiment, serves as the central body for planning and executlon. Fresent
members include Canada, Finland, France, Federal Republic of Germany, Netherlands,
Portugal, Union of Soviet Socialist Republiecs, United Kingdom and United 3tates of
America. The broader Tropical Experiment Council is comprised of representatives of
countries within the proposed-area of the experiment and other interested countries.
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F.2 The Bixth World Metéorologilcal Congress approved funds for two
international oivil servants (the Director of the SMG and his deputy) to be appointed,
and for organizing a number of necessary planning meetings. However, in the meantime,
the ISMG funotioning in Geneva produced a First Experiment Design Proposal (to be
published by WMO and ICSU) which were considered at the second session of the
Tropical Experiment Board in December 1971. The Board agreed with the general
strategy outlined and decided to appoint the SMG with effect from 1 January 1972.
Recognizing that there was much organizational work to be done in Geneva, the Board
decided that at least for the present the SMG should be arranged so that one inter-
national ¢ivil servant be accommodated at (Geneva and one at Bracknell. In view of
the great number of scientific and loglatic studles that have to be made within the
next 2-3 years, there is an urgent need for participating countries to second

- experts to the SMG to work for extended periods in ths following areast:

tropical modele and parameterization programmes;

satellite and radiation programmes;

boundary-layer programme;

instrumentation and ohbservational technigques and nefworksg‘
data menagement;

logistics and communications;

aircraft observing programme, instrumentation and
flight operations;

oceancographic programme.
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WHAT:

HOW 2

BASIC PROJECT INFORMATION

GATE: GARP ATLANTIC TROPICAL EXPERIMENT

Tropical Atlantic Ocean and adjacent land and island areas
Bpecial concentration: Eastern Atlantic, west of Dakar

Main CObservational Phase: June 15 to Septembexr 30, 1974
Preliminary Tests: Summer 1973
Firm National Commitments: March 31, 1972

Organized by World Meteorological Organization and the
International Couneil of Soientific Unions

Participanis: Interested nations

Managed by: the GATE Tropiocal Experiment Board (through
ite Scientific and Management Group -~ SMC)and the Tropical
Bxperiment Council

Co-ordinated international programme composed of national
contributions of special observing platforms, facilities

and personnel supplementing the existing World Weather Watch
gyetems

To understand and model the processes of organized, deep
tropical convection and the interaction with the larger
scales of motion which are essential determinants not only
of the weather and climate of the itropiecs but of the glodal
¢irculation of the entire atmospheric system.

TABLE 1
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4. THE OBSERVATIONAL STRATEGY

4.1 A summary of basic project information is presented in Table 1 and
2 map showing the area of the experiment is given in Figure 1.

4.2 " As noted in seciion 1, observations are required to characterize an
extremely great range of spatial scales, both to define the significant features

of the large-scale atmospherioc circulation (the so-called A-scale) and to characterize
the important convective processes (¢ and D-scales) which are organized into

clogud clusters (B-scale)._ To provide the required observations, a composite observing
system has been designed which includes geostationary and polar-orbiting satellites,
the augmented WWW network of land stations, a special network of ship stations,
ingtrumented aircraft, and poseibly special balloon and buoy gystems. Thus the

final, complete data set must be obtained from the integration of complementary
observations from a number of independent gystems, none of which would suffice

by itself.

4.% The A-scale will be observed primarily by a network of fixed stations,
ideally having an average lateral separation of about 500 kilometres, the same as

that envisaged as a permanent requirement for the World Weather Watch (WWW). Over

the land areas this requirement can largely be met by early implementation of

already existing WWW plans, although some temporary or mobile atations may be needed.
To provide adequate coverage over the oceans, however, requires the establishment

of ship stations in the tropical Atlantic which are capable of making adequate surface
and upper-air observations. It may be possible to improve the A-scale coverage if
high-flying aireraft with wind-finding dropeondes also can be provided. More detailed
specifications for the obgervational capabilities needed are given helow and in
section 5. A proposed network design, based on a number of scientific and practical
considerations, is shown in Figure 1.

4.4 To examine the internal structure of occeaniec cloud clusiters which have
a typical mcale between 100 and 1,000 kilometres requires a finer network which ecan
be established reasonably only in a limited area called the B-scale area. Based on
analysia of available data concerning the nature and frequency of occcurrence of the
convective phenomena of interest,oand alsooon logistical constraints, an area in the
Eastern Atlantic centered near 10 N and 27 W has been Belected. In this B-ecale
area would be concentrated some 15 of the total number of 25 to 30 ship stations
envisaged, as shown in Figure 1. These B-scale ships, spaced about 200 km apart,
will make more frequent observations during disturbed conditions, and a numbex will
require radar for precipitation observations, as well as special instrumentation to
make radiation, boundary-layer and oceanographic cbservations.

4.5 The most eritical problem in data collection and compatibility will
arise from the variety of observing techniques used by the participating countries.
To achieve maximum consistency in the observing system it ig recommended that the
number of types of radiosondes should be reduced as far as possible, and that
intensive intercomparison and calibration tests be performed between main observing
systens prior to the beginning of GATE.

4.6 To investigate the convective cloud groups and cloud elements smaller
than about 100 km acrosse, instrumented aireraft will be used in conjunction with the
ghip radars and data obitained using the geosiationary satellite. Since these air-
craft need to operate within the B-scale ship network, which is some 1,000 km or
more from the proposed base at Dakar, long-range aircraft are essential. 3Based on
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analysis of several proposed flight configurations and tracks, 1t is estimated thal

up to 12 aireraft will be needed.  In addition to flight-level wind and thermodynamic
measurenents, a few of the aircraft should be equipped to measure turbulent fluxes,

sea purface temperature, radiation, liquid water content and to take cloud photographs.
Weather radar and & dropsonde capability to meagure vertical profiles in the atmos~
phere would also be very desirable.

4.7 o Data to be obtained from matellltes have great potential for GATE ag
new systeme and techniques are being developed. Frequent day and night images from
a geostationary satellite will provide an overall and detailed view of the observa-
tional area and will be invaluable for operations planning and control as discussed
below. In addition, successive images allow determination of cloud-tracer displace-
-ments from which the wind field can be inferred. Also, data from ships, buoys and
balloons can be collected, and graphical data can be relayed.

4.8 Polar-orbiting satellites will, by remote-sensing techniques, provide
large numbers of atmospheric temperature soundings, sea-gurface and cloud-top
temperatures as well as day and night images. BExperimental satellites may also
provide advanced infrared and microwave sounders and various radiation measurements.
0f special interest is a proposed constant-level balloon tracking experiment which
could provide useful data if held conocurrently with GATE. Constant-level stratosphe-
ric ballocone carrying wind-finding dropsondes which can report through a satellite
could also provide valuable measurements of vertical wind profiles over the broad
oceanic area.

4.9 Although the oceanographic component of GATE is not yet as well
developed ae the meteorological part, Iinterest is rapidly increasing and competent
oceanographere are beginning to formulate a programme. The need is apparent for
measurementsa defining the heat budget of the upper oceanic layers and the inter-
actions with the atmospheric boundary layer., In this connexion, suitably instru-
mented moored or drifting buoys capable of making surface and subsurface measure-
ments including currents are considered promising contributors fto the observing
system.

4.10 Ag noted in section 2, the scientific objectives of GATE are complex

and the epecific hypotheses and modele to be tested do not admit unique or simple
statements. Nonetheless, 1t has been possible to formulate a number of specific
analytical approaches to the fundamental problems so that scientists can state with
some confidence the type of data and general aceuracy requirements. It is clear, for
example, that wind measurements are critical and that the accuracy reguired is rather
gtringent. PFortunately, a new cbservatiomnal technlque, using so-called "omega
sondes", is becoming available which doeas not regquire that all ships be equipped with
expensive stabilized radars. BEven relatively eimply equipped ships should be able

to accept the requlred systems, and at a cost measured in tens rather than hundreds
of thousands of dollars., Other critical measurements, such as precipitation using
radar, boundary-layer and turbulence measurements are more demanding, but not all
platforms require these.. Thus it does not appear unreasonable to assemble the
required capability. A partial summary of the accuracles required in some of the
more common measurements, &8 formuwlated by the group of experts, is glven in Table 2.
A pummary of the platforms needed is presented in the concluding sectlon 7.

4.11 The number of obaervations made on board the shipe should be as numerous
as possible ®o as to reduce the statistical observational error. Surface observations
should be made svery three hours, in acoordance with WMO recommendations., The number




MEASUREMENT ACCURACIES

Quantity Minimum Desirable Remarks
Wind (m/sec) + 2 m/sec absolute + 1.0 m/sec absolute Aireraft: 0.5 m/sec {relative) on
+ 1 m/sec relative + 0.5 m/sec relative D-scale
Verftical 2 km for A&B scale 300 m
Resolution) in boundary layer
Temp (°C) + 1% + 0.5°¢ Aireraft:  0.2°C (relative) on
D=-scale
Pressure (umb) +1 mb + 0.5 mb
R.H: (%) + 10% at T>-10° o + 5% at 2> =10°% o. Airezaft: x Tj at T >0° o
+ 15% at ~10°C > T >~40°C + 10% at ~10°C > T>-40"C + 15% at 0 > T>-40
Sea Sugface i_0.5°C + 0.2500 0.25°C desirable for D-scale
Temp ("C)
TABLE 2

11
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of radiosonde ascents depends on the capacity of the ships for hydrogen or helium.
A minimum of four ascents a day is needed, with a freguéncy of eight ascents a day
during certain periods of GATE. Each ascent should measure upper winds at least
to the 80-mb level. Over the continental network, two rawinsonde amscents per day
are required. ZEach of these ascents should make wind measurements to at least the
80-mb level.

5. DATA MANAGEMENT

5.1 In order to ensure that high quality date are made available to the
intended users in a suitable form and at the appropriate time, & data management
plan is esgential. It will not be suffleient merely teo provide and deploy obser-
vational platforms in a co-ordinated system, no matter how sophisticated the
instrumentation and no matiter how accurate the sensors. 4s a general principle,
all of the primary GATE date will be made available to all participating countries
and to all interested users.

5.2 To the degree posaible, existing facilities and capabilities should be
used to achieve the collection, processing, tranemigsion and archiving of the data.
Each participating nation will assume responsibility for the initial processing and
checking of the data collected by its systems and will provide these data in
scientific units, in an agreed general format, and on standardized technical media
to an appropriate international centre. The existing Global Telscommunication
System, HRegional Meteorclogical Centres (RMC's), World Meteorological Centres (WMC's)
and World Data CQentres will play a significant role. In addition a special
operations control centre will have to be created to functlion during the operational
phase of the experiment, as described in the next section, and a special GATE Data
Centre is needed to receive and integrate the national data sets for eventual
archiving in the World Data (entres.

5.3 Twe primary classes of data can be distinguished according to the time
lapse before use; (1) those needed in near-real-time, primarily for operational
analysis and forecasting and for monitoring the performance of the observing system,
and (ii) the research data directed to the scientific objectives. The former class
will be provided primarily to Regional and World Meieorclogical Centres and the GATE
Operations GControl Centre by means of the Global Telecommunication System, alihough
some gpecial systems using satellites and radiotelecommunlcations will be needed to
collect data from the ships.

5.4 The remaining bulk of the data will pass through national processing
centres, and then to the GATE Data Centre. Most of these data will be transported
physically, for example, on magnetic tapes, to the appropriate national facilities.
It is planned that the observations taken during selected periods of a few days will
be agelgned high priority and processed within one month. These data will provide
the basis for early scientific analyses and case studies, and should allow some
pogsible adjustment of later observing phasea., The data should be processed in
national centres as promptly as possible, especially the "routine" data pertaining
to the central programme. All data collected in GATE should be provided to the
GATE Data Centre within nine to eighteen months.

5.5 The GATE Data Centre will catalogue, integrate, validate and reformat
the data received from participating nations. It will make preliminary dissemina-
tions as required,. and will provide the final data set to the World Data Centres
within about two years, after which its existence can be terminated. The secientific
analysis phase of GATE will, of course, continuwe beyond that time, but will be
carried out largely in the institutions of the interested scientists.
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5.6 As depcribed below, it is absolutely esaential that a carefully planned
programme of common calibration and intercomparimon of observing systems be carried

out if a sufficiently homogeneous data set ims to be derived from the composite

data from various national systems. The data resulting from these comparisons will

be equally as important as the observations of the phenomena of interest, and

such data will be provided both to national centres and to the GATE Data Centre.

5.7 . Figure 2 shows the basic clasges of data and the logical flow between
the various centres, and Figure 3 illustrates the geographical relationships of
the centres and the layout of the Global Telecommunication Syetem.

6. (QPERATIONS AND SCHEDULES

6.1 A unique international project of this scope and magnitude must have
complete international understanding, co-operation and support. Those problems

normally encountered in a national programms bacome mulitiplied when dealing on an
international seale with different platforms, equipmeni, sensors, techniques, ete.

6.2 This international understanding and co-operation will result in a
sizeable gathering of shipe, aircraft and other sensing platforms in the Tropleal
Ezst Atlantic in the summer of 1974. All platforms, equipped as described in
sections 4 and T, will operate in accordance with a schedule similar to the following:

Movement or - .
Activity No. Day Activity

1 1-5 Trial rune and inter-
comparison of the systems

2 i 6 -8 In port

3 9 - 11 On paspage

4 12 ~ 32 Project phase I
5 33 - 35 On passage

6 36 - 40 In port

7 41 - 43 | On passage

8 44 - 64 . Project phase II
9 - 65 - 67 On passage

10 68 - T2 In port
11 3 - 75 On passage
12 76 - 96 Project phase III

13 96 - 98 On passage
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6.3 Although it is anticipated that a secondary support facility for those
platforms operating in the western portion of the A-scale area will probably need
to be established, it is proposed that the main body of ships and aireraft would
operate from Dakar, Senegal. Under thie proposed plan, Dakar would serve as the
major port and extensive use would be made of both aircraft and ship support
facilities as well as the housing of crews while in port, although some A-scale
ships in the most westerly parts of the area would use western Atlantic poris auch
ag Barbados or porits in the north-eastern part of South Amerlca.

6.4 The GATE Operations Control Centre (GOCC) is almo proposed for
establishment at Dakar and would function as the nerve centre for the day-to-day
operational control of the experiment. Although the basic operational plan will
have been predetermined, a team of experts based at the GOCC will amend that plan
© a8 necessary on a daily basis.

The GOCC probably will receive some data directly from the ships and
airecraft involved in the experiment. Such data would include sounding and radar
data from ships, routine observations from aireraft, and also would Involve image
data from satellites.

6.5 These data, coupled with advice and forecasts received from the
co-located Hegional Meteorological Centre (RMC) and also via the World Meteorological
Centres (WMC's) and other RMC's will be used by the GOCC in the direction of the
experiment ltself and for verifying the performance of observing systems., 1In this
connexion and in the attempt to make use of existing facilities, it has been
suggested that the RMC Nairobi and RMC Brasilia would serve as focal points for

GATE in guestions of observations, analyses and forecasts for Hastern Africa and
South America respectively. The importance to the overall success of the experiment
of such special analyses and forecasts for thepe areas cannot be over-emphasized.

6.6 Equally as important as the operational phage of the experiment and,

in fact, prior to that operational phase, one must face the difficult problem of
testing all aspects in an operatiomal environment. To this end, it is planned to
conduct a preliminary test of as many aspectes of the observational system as
possible in the summer of 1973, a year before the main period itself. Such an early
test programme will serve to inter-compare and calibrate representative equipment
and techniques to ensure reliability and compatibility of sensors and to ensure that
meaningful data can be sensed, formatted, transmitted, analyzed, reduced and used in
the manner jintended. The importance of such an early test period cannot be over-
enphagized. o

6.7 Yo project can hope for success without setiing forth a timetable
leading up to the actual operational phase. Such a tentative timetable follows,
and every poBsible effort must be made to adhere to it if ‘the saientific and
operational objectives are to be fulfilled. . : 3

i Commi tment of major resources - 31"Mhrch 1972-
2 Next TEB meeting End April 1972
3 Equipment on each platform

a) Definition of commitment June 1972

b) Installation for "early test" July 1973

¢) Barly test and comparability Aug., 1973

d) All installed and operational April 1974
4) Communi.cations

a) Install on platforms and at GOGC June 1973

b) Teat period Aug. 1973

¢) Installed and operational May 1974
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5) Support facilities and logistics
a} Listing of requirements © Bept. 1972
b) International agreement Dec. 1972
¢) Supply of test period needs ~ June 19753
d} Pinal supply April 1974
6) Data management plan
&) Agreement on details Oct. 1972
b) Test period Aug, 1973
¢} Final components operational , April 1974

7. NATIONAL CONTRIBUTTIONS

7.1 In the preceding sections the basic plan of the experiment has been
described, and the msejor national contributions required have been identified, For
convenience, the major elements are tabulated here. Table 3 summarizes the various
platforms needed to assemble the ocomposite obgerving system, and Table 4 summarizes
the speocial faciliiles and support needed.

7.2 Although the regquired commitments are substantial, they appear to be.
reasonably within the collective capability of the interested nations. The TEB,
having considered the plan in some detail, concludes that the effort to mount such
an experiment is certainly Justified.



ITlatform

Land stations

Ships

Aircraft

Geostationary
satellite

Folar-orbiting
satellites

Research
satellites

Constant-level
balloons

Buoys

Ho. Iroposed

Augmented
Wi Plan

27

A-mcale
*
C=-D Boale

12

*  number to be

determined

NATIONAL CONTRIBUTIONS

Yroposed and Neguested Platforms and Capabilitiss

Basic Capabilities

Wind prefiles essential; other
upper-air desired; surface obs.

Wind, femp. humidity profiles;
surface meteorological chser-
vations; mea surface tempy ship
position location

Windse, temp, humidity,
pressure at flight level;
poeition

Day & night images inclu-
ding B-scale area at short
time intervals

Day & night images; sea
gurface temps; vertical temp
soundings; cloud-top temps.

" Tracking and data collection

(e.g. bzlloons znd buoys); ad=
vanced IR and microwave
sounders; radiation fluxes and
budget.

Drifting balloons at 150 mb
(tracked by satellite) mea=
suring temp, pressure, alti-
tude; siratospheriz balloons
carrying windfinding drepscndes

Surface and subsurface cha.

Speecial Capabilities

A~gcale:at least some ships

with STD in mixed layer (approx.
1000 m).

B-gcale: B soundings/day during
intenaive periods; STD 4/day;
Radar (calibrated for precip. if
poEsible); at least some with
planstary boundary layexr eduip;
surface radiation and radiometer
sondes.,

A-seale: wind finding dropsondes;
photc recomnaissance.

C & D scales: At least some

(3) with dizect flux (gust

prebe) measurements; sea

gurface itemp; radiation;

ligquid water content; cloud
photography; drcpsondes {wind)
desirable.

Tmege enhancement; winds from
cloud displacements; cloud=-
top tempe; platforme data
collection and relay; broad-
cast of graphical data (WEPAX)

Humidity esiimates

Ccean currents by iracking
drifting buoys

Remarks

2 soundings/day to
80 mb

4 soundings/day to 80
mb (To 10 mb for egqua-
torial stations);

about 5 staticns should
be occupied continru-
ously; fixed stations
but possivle mobility
up te 100 km; In eitu
precip~obs.if possible.

Long Tange essential
(4000 km tetal £light);
at least 3 high level
(Z0,000 £t) aireraft
needed; 15-18 aircrews.

Based on US GOES
satellite plans

Baged on USSE meteor
and US IT0S satellites

Based on TS WIMEUS
E & T satellites

Based cn US NIMBUS ¥
TAERLE and satellite
carrier balloon system

Reguirements not yet
wall developed; could
provide improved sur-
face wind and precip
observations

0 YIOMZELY

TABLIE 3
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Paragraph
4.2

5.8

. 5.8

5.12

5.14

5.16

5.17
and
F.20
5.18
5.19

5.21

5.22

5.24

6.5

APPENDIX D

LIST OF SOME SPECIFIC TASKS ASSIGNED TO SMG BY TEB-II

(chronologically, as they appear in the report)

To prepare the experiment design proposal (Volume I of the ISMG report)
for publication in the GARP Publicationg Series.

Te develop the GATE operational plan including a plan for communications.

Toe continue study and evaluation of climatologieal and synoptic data
presently available from the GATE area.

To'continue the developmént of details of various GATE sub-programmes
to ensure proper input from these to the central programme; especially
needed is further development of the boundary-layer, radiation and
oceanographic sub~-programmes in the overall plan for GATE.

To study the possibility of‘carrying out cloud condition measuresments
by aircraft in more convenient localities, and their applicability to
GATE. ' '

To consider the possibilities of using means other than weather radar
to measure rainfall amounts aboard the ocean observing platforme, and
to draw up a plan for co-ordination of all precipitation measurements.

.To prepare a test-operational plan of the observational and telecommu-

nicational systeme for GATE for the "early test period" in the summer
of 197% and to seek the collaboration of TEC for these purposes as
appropriate.

To follow closely the development of OMEGA wind-finding technigques and
to advise participating countries on its use during GATE as widely as
poesible.

To work toward specific agreements of the participating rations to use
identical obeerving tools and methods wherever possible and to prepare
plans for inter-comparison and calibration test prior to GATE.

To give consideration of the need for a "contingency plan" for the
conduct or poatponemeni of the experiment in the event that major
observing components such as satellites could not be provided.

To prepare detailed reguirements for the GATE (perational Control Centre
(GOCC) and GATE Data Centre (GDC).

To work further on the development of the data management plan once the
available resources are known.

To gtudy the impact on the Preliminary Plan for GATE of the firm
commitments made by the countries and present specific suggestiona to
TEB-IIT.

To give attention to the media and formats to be used for recording
the observations during GATE.
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Facilities Proposed and Requested

TIPE

National Processing Centres (NPCs)

" World and Regional Meteorological
Centres (WMCs, RMCs) and World Data
Centres (WDCs)

Global Telecommunication System (GTS)

GAITE Operations Control Gentre (GOCT)

GATE Data Centre (GDC)

Communications

Support

SMG

REMARKS

Capable of accepting data from all national
sources for prompt procesgsing, validation
and submission to the GDC.

Capability for special analyses and forecasts
for operations; special processing and archi-
ving of satellite data.

Installation of high-speed Paris to Dakar
link; transmit data from Tropical Africa and
South America stations; arrange for special
GATE analyses to be passed from WMCs and RMCs
to GOCC: overall scheduling problems must be
regsolved.

Co-location with RMC at Dakar; communicate with
ships and aircraft; contrel mission schedules;
plan aircraft operations; monitor platform
statua; participate in special forecasts}
collect and relay data from ships and aircraft;
interpret operationally satellite image, radar
and special aircraft data; responsible for
guality control; preliminary scientific ana-
lysie; access to data-processing equipment.

Upon receipt of data from NPCs, undertake final
validation; arrange and reformat standard
synoptic data and analyses for storage and
retrieval; produce preliminary and final
composite data sets; publish data catalogues
and disseminate to participating nations on
request; provide final data sets to world

data centres upon completion; access to
sophisticated data-processing equipment and
associated technical personnel,

Bhip-to-aircraft; routine communications
between GOCC and ships and aircraft; air
traffic control; collection of data from
ships and aircraft; capability to receive

eritical satellite data at the GOCC.

Search and rescue services; air traffic
control; air landing rights; refueling both
aircraft and ships; central calibration
facilities; pler support; harbour pilots;
packing and crating service; ships' supplies;
airlift for supply and equipment; re-supply
ghips and tenders; medical facilities; ware-
housing; space for GOCC and field HG; madl
service; cable service; interpreter services;
aircraft maintenance, etc.

Long-term experts

TABLE 4






