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Preface 

T h e fol lowing report , describing the field phase of 
the G A R P At lant ic Trop ica l Exper iment , will, in gen-
eral, not repeat details of the scientific p lans for G A T E . 
These are well known and were summarized in an earlier 
article in the B U L L E T I N ( 5 5 , 7 1 1 - 7 4 4 ) re fer red to f rom 
here on as "Article I ." Fur thermore , the scientific a n d 
operat ional p lans for G A T E were comprehensively docu-
mented in G A T E Repor t s Nos. 3 to 1 3 ( 1 9 7 3 / 4 ) of the 
WMO-ICSU G A R P Series. However, significant changes 
to those plans will be re la ted here. 

Regard ing the field phase itself, the In t e rna t iona l 
Scientific and Management G r o u p for G A T E (ISMG) has 
described the events of the field phase in the fol lowing 
"Repor t s on the Field Phase of G A T E " : 

GATE R e p o r t s No. 15: "Operations" (ISMG, 1975) 
" 16: "Scientific Programme" (Kuettner 

and Long, 1975) 
" 17: "Meteorological Atlas" (ISMG, 

1975) 
" 18: "Aircraft Mission Summary" (Aan-

ensen, 1975) 
" 19: "Summary of Data Collected" 

(de la Moriniere, 1975) 
"Prel iminary Scientific Resul ts" of G A T E are conta ined 
in 2 volumes of G A T E R e p o r t No. 14 (ISMG, 1975). 
For more details than those given in this article, refer-
ence is made to these reports . 

T o refresh the memory of the reader we men t ion only 
1 Now at the World Meteorological Organization, Geneva, 

Switzerland. 
2 Now at the Meteorological Office, Bracknell, U.K. 
3 These GATE Reports can be obtained from the WMO 

Secretariat, Geneva. 
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four facts which f requent ly recur in this repor t : 
1) T h e G A T E field phase was divided into three 

phases of about three weeks each. 
2) T h e G A T E scientific p rogram was divided into five 

subprograms held together by the "Centra l Pro-
gram." 

3) Four scales were defined for G A T E , namely: 
the A-scale (103 to 104 km) = Synoptic scale 
the B-scale (102 to 103 km) = Cloud cluster scale 
the C-scale (10 to 102 km) = Mesoscale 
the D-scale (1 to 10 km) = Cumulus scale 

4) T h e main base for G A T E was Dakar, Senegal. 
T h e area of the East Atlant ic in which ships were con-

centra ted in two hexagons (see Fig. 3) was simply called 
the "B-Scale area." T h e ships in the outer hexagon were 
called the "A/B-Scale ships," those of the inner hexagon 
the "B-Scale ships." T h e small tr iangle of ships wi th in 
the inner hexagon dur ing Phase I I I (Figs. 3 and 14) was 
called the "C-Scale area" and the "C-Scale ships." T h i s 
terminology will be used in the fol lowing sections. 

1. The experience of GATE 

W h e n the h u n d r e d days of G A T E were over it was a 
t ired but happy crowd that headed for home ports scat-
tered f rom Vladivostok to R io de Jane i ro : happy, be-
cause they carried with them a wealth of scientific data 
and many new bonds of f r iendship; tired, because it 
seemed that the exhaust ing effort could not have lasted a 
day longer. 

T h e success of a scientific exper iment cannot and 
should not be stated before the scientific results are 
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in. Nevertheless, the quest ion is now be ing raised 
whether this first large test of the G A R P concept casts 
any light or shadow on fu tu re global research projects 
such as F G G E and its various subprograms. Actually 
there is one way to answer this quest ion before the 
scientific outcome is fully known: If the observing pro-
gram was tai lored tightly to the scientific objectives it is 
reasonable to expect that they will be a t ta ined if the 
observing program was fulfilled. This , however, can 
already be judged to a fairly acceptable degree. 

T h e fulf i l lment of an observing program depends on 
factors of a scientific, technological and h u m a n na ture . 
Surprisingly, in projects as large and complex as G A T E , 
h u m a n problems usually over-ride the others. If they can 
be solved, the technological and scientific difficulties may 
also be overcome, bu t not vice versa. In G A T E , the 
ant ic ipated h u m a n problems either did not arise or they 
solved themselves by the extraordinary goodwill and 
competence of the in te rna t iona l part icipants . N o efforts 
were necessary to tear down walls; there were none . As 
a consequence the collaborat ion in this in te rna t iona l 
effort was probably smoother than in most na t ional 
projects. 

If there were problems in G A T E they were pri-
marily of a technological na tu re and, as the field phase 
progressed, many could be corrected or at least im-
proved. Examples for such technical difficulties were the 
p rematu re depar tu re or non-arrival of certain ships; the 
fai lure of some upper-air land stations and telecom-
munica t ion links of the Wor ld Wea the r Watch ( W W W ) ; 
opera t ional problems with certain types of sh ipborne 
wind-finding systems, etc. 

It is common experience that no field project achieves 
100% of its goal. Given the vagaries of the laboratory we 
must work in—the earth 's a tmosphere—an 80% suc-

cess is about all one can hope for in the atmospheric 
sciences. 

T h e five subprograms of G A T E were not equally suc-
cessful ranging f rom an est imated 70% for the synoptic-
scale subprogram to a near 100% for the radia t ion pro-
gram as far as the observing program is concerned. W h a t 
really matters, however, is how those par ts of the sub-
programs fared which joint ly consti tute the Central 
Program of G A T E based on the pr imary scientific ob-
jectives. It is our best j udgmen t that the observing 
program suppor t ing this Centra l Program was fulfil led 
to at least 80%. 

2. Scientific strategy and the evolution of the 
observing program 
T h e scientific strategy appl ied dur ing the G A T E field 

phase was one of balancing opera t ional constraints and 
scientific demands. T h e de t r imenta l consequences of 
opera t ional changes of ten outweigh their scientific bene-
fits. O n the other side, a research project cannot be 
conducted rigidly if its subject of explora t ion is as 
highly variable as the tropical a tmosphere. The re fo r e 
the observational program of G A T E had been divided 
into a flexible and a fixed part . 

For the flexible par t of the observing program the 
a t t empt was made to anticipate, in the p l a n n i n g stage, 
as many opt ions as possible, to p repare them in detail 
and to set u p an effective decision-making process. T h e 
Scientific Aircraf t Plan ( G A T E Repor t No. 11, Aanensen 
and Zipser, 1974) and the Mission Selection T e a m activi-
ties ( G A T E Repor t No. 9, Long et al., 1974), which were 
tested in advance du r ing the Boulder Workshop (March 
1974), served tha t purpose. In this way the operat ions 
could be adap ted to the scientific oppor tun i t i es offered 
by the a tmosphere almost at a moment ' s notice. 

For the fixed par t of the observing program, primari ly 

F I G . 1. Phase II ship distribution ( 2 8 July-16 August 1 9 7 4 ) . 
Note: For definition of symbols, see Fig. 3. 
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FIG. 2. Phase III ship distributio 
Note: For definition 

the ship a n d l and based stations, the p r inc ip le was fol-
lowed to min imize changes unless one of two considera-
t ions en te red the p ic ture : T h e ach ievement of the pri-
mary object ives of the G A T E Cent ra l P rog ram was in 
j eopa rdy (see T a b l e 4); the safety of any of the partici-
pan t s was endangered . T h e la t ter always h a d priori ty. 

T h e three phases of G A T E , separa ted by a b o u t 10 
days " in te r -phase" t ime, gave an o p p o r t u n i t y to effect 
m a j o r changes before a new phase began. Real - t ime 

(30 August-19 September 1974). 
f symbols, see Fig. 3. 

da ta t ransmission enab led the Special Analysis G r o u p 4 

at D a k a r to evaluate the p e r f o r m a n c e of ship a n d l and 
observing systems in t ime to ad jus t ship schedules a n d 
posi t ions for the fo l lowing field phase. M a j o r decisions 
of this type were taken j o i n t l y — a n d o f t en unan imous ly— 
by the i n t e rna t i ona l "Mission Selection T e a m " (see Sec-
t ion 3), the N a t i o n a l Coordinators , a n d the G A T E Di-
rector, wi th the advice of the E x p e r i m e n t Review Board . 

4 Headed by Dr. D. Rodenhuis. 

FIG. 3. Ship distribution in B-Scale area, including C-Scale triangle in Phase III 
(30 August-19 September 1974). 
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T h e l ea rn ing curve in G A T E was s t eep—and the over-
all p e r f o r m a n c e of Phase I I I vastly exceeded tha t of 
Phase I. 
a. Ship Program 

D u r i n g the first phase it became a p p a r e n t tha t the 
u p p e r wind soundings f r o m ships a n d l a n d stat ions 
showed gaps bo th u p a n d down-s t ream of the East At-
lan t ic ship array (B-scale area). Some crucial s ta t ions on 
the Afr ican west coast were no t ope ra t i ng a n d several 
sh ipborne w i n d f i n d i n g systems us ing rad io naviga t ion 
aids showed erra t ic results, at least in the fo rm of 
real-t ime da ta collection in Dakar . I n add i t ion , several 
ship s ta t ions were n o t occupied d u e to mechanica l 
difficulties. 

T o assure tha t the key p r o b l e m of G A T E , namely the 
in te rac t ion of the c loud cluster a n d smaller-scale con-
vective systems wi th the large-scale, wou ld be solved, the 
decision was m a d e to place ships wi th re l iably work ing 
w ind f ind ing systems (radar) closer to the B-scale area 
a n d to fill the gap nea r the Afr ican coast by add i t iona l 
ship posi t ions (Fig. 1). T h e resu l t ing d i lu t ion of the 
observing ne twork in the Wes te rn a n d N o r t h e r n At lan-
tic was careful ly considered a n d accepted as the lesser 
evil. 

Already d u r i n g Phase I I most systems improved per-
cep t ib ly—many by ga in ing ope ra t iona l expe r i ence—and 
it was possible to par t ly r ead jus t the ship d i s t r ibu t ion 
for Phase I I I (Fig. 2). Deta i ls of the B-Scale array, in-
c lud ing the C-scale t r iangle, are shown in Fig. 3 a n d Fig. 
14. Several ship posi t ions h a d d o u b l e occupancy in order 
to combine a n d back u p re la ted measu r ing systems. 

A total of 39 ships pa r t i c ipa ted in G A T E . T a b l e 1 
shows the final list c o n t a i n i n g several changes over the 
or iginal plans. 
b. Aircraft Program 

W h i l e in the b e g i n n i n g the flight p rog ram adhe red 
strictly to the a i rc raf t p lan , it was possible la ter to com-
b ine cer ta in missions or to mod i fy pa t t e rns for a given 
mission. I t also became necessary to create some new 
flight missions best sui ted to a given s i tuat ion. A n u m b e r 
of reconnaissance missions were deve loped as soon as 
the feasibil i ty of the Omega w ind d ropsonde was estab-
lished a n d these missions were also used to fill gaps in 
the A-scale ship array. Once a dedica ted a i rc raf t fo r the 
O c e a n o g r a p h i c Subp rog ram became available, special 
flight missions for sea-surface t e m p e r a t u r e a n d wave 
measuremen t s were developed. 

Cer ta in a tmospher ic p h e n o m e n a were so elusive tha t 
they could only be scheduled as a l t e rna te or "add-on" 
flight missions, according to the latest i n f o r m a t i o n avail-
able d u r i n g flight. An example was the so-called "c loud 
r i ng mission," the fo rma t ion of convective r ings on 
the mesoscale no t be ing sufficiently predic table . 

Some flight mission types h a d to be a b a n d o n e d . For 
example , it was h o p e d original ly to fol low the l i fe of a 
c loud cluster by consecutive g r o u p flights wi th take-offs 
staggered in t ime. However , the unexpec ted ly r a p i d de-
ve lopmen t of c loud clusters p resen ted an i n s u r m o u n t a b l e 
p r o b l e m in schedul ing successive g r o u p flights at the 
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T A B L E 1. G A T E ship participation. 

Country N a m e 
Full t ime (F) Part t ime 
(P) 

Remarks 

1. Brazil Sirius F 
2. Brazil Aim. Saldanha F 
3. Canada Quadra F 5.7 cm radar 
4. France La Perle P 
5. France Bidassoa P 
6. France Capricorne P 
7. France Charcot P 
8. F.R.G. Meteor F 3.2 cm radar 
9. F.R.G. Planet P 3.2 cm radar 

10. F.R.G. Anton Dohrn P 
11. G.D.R. Alex. Von P Oceanography* 

Humboldt 
12. Mexico Mariano F 

Matamoros 
13. Netherlands Onversaagd F 
14. U.K. Charterer F 
15. U.K. Endurer F 
16. U.K. II ecla P 
17. U.K. Discovery P Oceanography* 
18. U.S.A. Oceanographer F 5.7 cm radar 
19. U.S.A. Researcher F 5.7 cm radar 
20. U.S.A. Gilliss F 5.7 cm radar 
21. U.S.A. H.J.W. Fay P 
22. U.S.A. Dallas F 
23. U.S.A. Vanguard P 
24. U.S.A. Col. Iselin P Oceanography* 
25. U.S.A. Atlantis II P Oceanography* 
26. U.S.A. Trident P Oceanography* 
27. U.S.S.R. Prof. Vize F 3.2 cm radar 
28. U.S.S.R. Prof. Zubov F 3.2 cm radar 
29. U.S.S.R. Akad. Korolov F 3.2 cm radar 
30. U.S.S.R. Akad. Kurchatov F 
31. U.S.S.R. Passat F 
32. U.S.S.R. Ernst Krenkel F 
33. U.S.S.R. Okean F 
34. U.S.S.R. Volna F 
35. U.S.S.R. Priboy F 
36. U.S.S.R. Poryv F 
37. U.S.S.R. Musson F Communication 
38. U.S.S.R. M. Lomonosov F Oceanography* 
39. U.S.S.R. Semen Dezhnev F Oceanography* 

* Primary use for oceanography. 

p rope r t ime in view of the opera t iona l const ra in ts on 
crew rest a n d "down t ime" of the aircraf t . 

Finally, it may be m e n t i o n e d tha t the Mission Selec-
t ion T e a m first fol lowed the pr inc ip le to schedule all 
a i rcraf t tha t were flight-ready for nex t day's mission. 
Af t e r several o p p o r t u n i t i e s were lost a system was 
developed tha t m a d e it possible to always have two air-
craf t e q u i p p e d wi th gust-probe a n d two a i rcraf t e q u i p p e d 
wi th iner t ia l systems available. I n this way substant ia l 
mul t i -a i rcraf t missions could be scheduled practically 
every day d u r i n g Phase I I I . 

T h r o u g h o u t the field opera t ions careful a t t en t i on was 
given to preserving the ba lance be tween the Cen t ra l 
P rogram a n d the ind iv idua l Subprograms. P r io r to the 
G A T E field phase it h a d been agreed u p o n by the J o i n t 
Organ iz ing Commi t t ee for G A R P (JOC), the T r o p i c a l 
E x p e r i m e n t Board (TEB) , a n d the I S M G w h a t approx i -
ma te p r o p o r t i o n s should be m a i n t a i n e d a m o n g the 
flights devoted to the var ious scientific programs. By 
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T A B L E 2. Distribution of flight missions planned and flown 
according to scientific objectives. 

T y p e of mission 
General goal (JOC, T E B , I S M G ) 

% 

G A T E aircraft plan 
% 

Actual ly flown 
% 

Basic GATE missions 
plus convection 
flights (Central 
Program) 60 62 57 

Special boundary-
layer missions 20 18 18 

Special radiation 
missions 15 18 21 

Special oceanographic 
missions 5 2 4 

cont inual ly keeping track of the n u m b e r of sorties de-
voted to these programs and by est imating their success 
it was possible to ad jus t the flight p rogram dur ing the 
three field phases so as to stay wi thin a few percent of 
the original goal (see T a b l e 2). 

Only through the good will and the unselfish coopera-
tion of the par t ic ipants who pu t the common scientific 
goal above na t ional aims was it possible to implement 
this scientific strategy. 

T h e impor tance of the ship radar and satellite in-
format ion for flight p l a n n i n g should again be men t ioned 
here. 

A total of 13 aircraft par t ic ipated in G A T E , as listed 
in T a b l e 3. 
c. Satellite Program 

T h e r e was some apprehens ion in early 1974 that the 
geostationary meteorological satellite SMS-1 would not 
be l aunched in t ime for G A T E . T h e U.S.A. therefore 
decided to send NASA's Direct Readou t G r o u n d Station 
(DRGS) to Dakar which provided high resolution images 
of the polar orb i t ing NOAA-2 and 3 satellites using 
a laser recorder. However, the SMS-1 became opera t ional 
on the first day of G A T E and af ter some successful 
parallel opera t ion of the two ground stations the D R G S 
was wi thdrawn. SMS-1 was stat ioned at 45°W, 15° 
far ther west than originally p l anned with some loss of 
coverage over Centra l Africa. 

T h r o u g h o u t G A T E the work of the Satellite Field 
Service Station (SFSS) at the Contro l Center in Dakar 
was virtually flawless and its products became the back-
bone of flight mission p l a n n i n g and a very impor t an t 
i n p u t to the forecasts for the B-scale area. High resolu-
tion images in the visible and in f ra red spectrum were 
available every 30 minutes when needed, bu t 3-hourly in-
tervals were of ten sufficient. These and the radar-radio 
facsimile pictures f rom the ships Quadra and Oceanogra-
pher available at Dakar in real-time revealed enough of 
the external and in terna l s t ructure of cloud clusters to 
enable ongoing flight missions to be optimized (see 
Section 5 b below). Daily "satellite loops" produced in 
near-real-time made the mot ions of the convective sys-
tems visible to r e tu rn ing flight crews and became a 
valuable prognostic and analytical tool. Cloud displace-
men t winds and sea surface t empera tu re analyses f rom 
satellite data were also t ransmit ted f rom Washing ton 
to Dakar . 

T h e only serious loss was N imbus F which could not 
be launched in t ime for G A T E . T h i s affected some as-
pects of the radia t ion subprogram (see Section 5 d below) 
and el iminatel several dr i f t ing-bal loon programs. 

In the mean t ime it has become appa ren t that satellite-
derived winds at two, possibly three cloud levels give 
consistent and dense wind fields in the G A T E area 
based on over 1000 wind values per day. T h e y supple-
men t the ship and land based wind data which provide 
the needed vertical resolution, by add ing horizontal reso-
lut ion where it is missing. If some of the gaps in the 
A-scale can be filled in this way the synoptic scale sub-
program will be the main beneficiary (see Section 5 a 
below). 
d. Land stations 

T h e status of upper-air l and stations dur ing G A T E 
is shown in Fig. 4. Regret tably, a n u m b e r of p l a n n e d 
Wor ld Wea the r Watch stations did not operate, a l though 
their priorit ies had been established more than 3 years 
before G A T E . 

Due to te lecommunicat ion problems, real-time data 
acquisit ion (for example at Bracknell, U.K., wi th in 9 h 
of data time) was on average only 36% of tha t p lanned , 
being lowest for central and eastern Africa and highest 

T A B L E 3 . GATE aircraft participation. 
Country T y p e Range* Available** Prop Turbo prop Jet Remarks 

1. France DC-7 L F X Inert, platform 
2. U.K. Hercules L F X Gust probe, inert, platform 
3. U.S.A. CV-990 L F X Inert, platform 
4. U.S.A. C-130 L F X Inert, platform 
5. U.S.A. Electra L F X Gust probe, inert, platform 
6. U.S.A. DC-6 L F X Gust probe, inert, platform 
7. U.S.A. KC-135 L P X Wind dropsonde 
8. U.S.A. WC-135 L P X Wind dropsonde 
9. U.S.A. Lockheed P-3a L P X Oceanography 

10. U.S.A. Sabreliner M P X Inert, platform, gust probe 
11. U.S.A. Queenair S P X Gust probe 
12. U.S.S.R. IL-18-M L F X Radiation 
13. U.S.S.R. IL-18-C L F X 

* L = Long range. M = Medium. S = Short range. 
** F = Full time. P = Part time. 
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F I G . 4 . Status of radiowind and radiosonde land stations during G A T E . 

for the Car ibbean and Brazil. This , however, had been 
ant ic ipated and a mail collection of te lepr inter paper 
tapes was pre-arranged resul t ing in a very worthwhile 
increase to about 50%, still a lower than desirable figure. 

As men t ioned before, most serious was the gap 
created by the west Afr ican coastal stations east and 
southwest of the B-array mak ing rear rangements in the 
ship dis t r ibut ion necessary. Also in western South Amer-
ica, south of the equator , and in par ts of central and 
eastern Africa, a n u m b e r of stations did not funct ion . 

Whi le there was a more than 100% improvement over 
prior years, the overall pe r formance of the Wor ld Wea-
ther Watch in the G A T E area was less than expected 
and needs to be vastly enhanced for fu tu r e G A R P 
projects such as FGGE. 
e. Commercial Ship and Aircraft Program 
Prior to the G A T E field phase special p repara t ions had 
been made to obta in a m a x i m u m a m o u n t of commer-

cial ship and aircraf t data. I t now appears tha t more 
than 20 000 repor ts were received in each of the two 
categories and that many airl ine pilots crossing the 
east At lant ic G A T E area made detai led repor ts and 
sketches of their observations. T h e ship data were col-
lected in H a m b u r g and the aircraft data by several re-
search groups in the U.S.A. As far as wind fields are 
concerned, it is already clear that the commercial opera-
tions are a data source of surprising importance. 
3. Operational control 

For the opera t iona l control an organizational s tructure 
was created in which the na t iona l and in te rna t iona l 
funct ions were closely in ter twined (Fig. 5). T h e re-
sponsibility for the in ternat ional direction was vested in 
the In te rna t iona l Scientific and Management G r o u p 
(ISMG) which opera ted unde r the auspices of W M O , 
with the suppor t of many nations. T h e responsibili ty for 
the operat ions of the na t ional cont ingents was carried by 

FIG. 5. International organization of the Operations Center in Dakar. 
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the Nat iona l C o o r d i n a t o r s 5 suppor ted in some cases 
by Chief Scientists. T h e G A T E Opera t ions Contro l Cen-
ter (GOCC) was housed in a special bu i ld ing constructed 
by the par t ic ipa t ing nat ions and the host country, Sene-
gal, on the a i rpor t of Dakar, the main base of G A T E , 
(Fig. 6). 

As men t ioned earlier the key to the scientific control 
was an in te rna t iona l group, the Mission Selection T e a m 
(MST), chaired by the G A T E Director, which made its 
decisions daily, with about 12 h lead-time, on the basis 
of the latest in format ion presented by the forecasting 
team, the ship and aircraft opera t ions directors, the sub-
program scientists, and the scientific analysis team. T h e 
advice of the Exper imen t Review Board, represent ing 
J O C through Prof. R. Reed, soon tu rned into a valu-
able active cooperat ion with the MST. 

T h e implementa t ion of these decisions was placed 
in the hands of the Opera t ions Director while the de-
tailed p l a n n i n g was the task of a Mission Scientist (MS) 
selected for each mission by the MST. On-the-spot de-
cisions, o f ten requi red dur ing a flight mission, were the 
responsibility of an Airborne Mission Scientist r id ing 
on the lead aircraf t af ter radio coordinat ion with radar-
ships, the Air Traffic Control , and the MS at Dakar . 
Several of the flying scientists acquired an admirable 
skill in this type of short-time decision-making. 

W i t h more than 4000 par t ic ipants on the various float-
ing and flying platforms, the opera t iona l control de-
pended entirely on reliable func t ion ing of the G A T E 
Te lecommunica t ion System (Fig. 7) which also served 

s Those present in Dakar were: J. Alt for France; H. Kraus 
for F.R.G.; G. James for U.K.; W. Barney, D. Sargeant, J. 
Rasmussen for U.S.A.; A. Borovikov for U.S.S.R. (M. Petros-
siants for overall U.S.S.R. coordination). 

FIG. 6. The GATE Operations Control Center (GOCC) on the 
Airport of Dakar, Senegal. 

the real-time data collection. I t consisted of a special 
HF-radio-ship-communication system, the Global Tele-
communica t ion System (GTS) of the W W W , a n u m b e r 
of satellite links and an in terna t ional communica t ion 
center in the G O C C building. T h e notor ious radio trans-
mission difficulties over long east-west distances in this 
area were overcome by dividing the ships in to six 
groups and assigning one ship in each group as a "col-
lection ship"; fu r thermore , a selected f requency sched-
ule was used fol lowing a special study by the Ins t i tu te 
of Te lecommunica t ions in Boulder, Colorado. Th i s re-
sulted in a pa th reliabili ty of 90 to 95%. 

Data f rom the p la t forms collected in Dakar were en-
tered in to the G T S for use in real-time by the Regional 
and Wor ld Meteorological Centers as well as for some 
near-real-time numerica l exper imenta t ion by certain re-
search groups in the U.K., U.S.A., and U.S.S.R. 

FIG. 7. GATE telecommunications system. 
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W i t h a fleet of ships as large as tha t deployed in 
G A T E , medical problems became a serious considera-
tion. I t was necessary du r ing the field phase to devise a 
Medical Plan by which medical expertise and facilities 
could be provided f rom one ship to another . Neverthe-
less, it was unavoidable that there were always some 
ships off station br inging medical cases to shore; and un-
for tunately , two lives could not be saved u n d e r the 
given circumstances. 

Flight and ship safety was ano ther opera t ional con-
cern. Dur ing intercomparison flights aircraf t were flying 
in close proximity to each other and near ship-born 
te thered balloons. Also air l iners were crossing the ex-
per iment area over the Atlant ic and commercial ships 
the ship arrays. (At one t ime a rudderless super tanker 
d r i f t ed into the C-scale buoy array). Finally, the ship-
intercomparisons requi red very close opera t ions of as 
many as 15 ships and their respective buoys. W i t h an ex-
t raordinary ef for t—and some init ial difficulties—all these 
problems were overcome by the devoted controllers and 
crews, in spite of the language difficulties, and G A T E 
ended wi thout a single serious accident. 

4. Weather trends 
Dur ing the p l ann ing of G A T E a prolonged debate had 

preceded the final posi t ioning of the B-scale ship array 
in the east Atlantic. T h e years before G A T E had been 
meteorologically abnormal . T h e viewpoint prevailed, 
however, that the ship dis t r ibut ion should be based on 
what could be considered as "no rma l" behavior of the 
tropical a tmosphere. T h e center of the double hexagon 
(see Fig. 3) was fixed at a longi tude as far f rom the 
Afr ican coast as the aircraf t range allowed (23.5°W) and 
at a la t i tude (8.5°N) which would ensure tha t the Inter-
Trop ica l Convergence Zone (ITCZ) would b r ing a maxi-
m u m of tropical cloud clusters th rough the ship array. 
(Note that it was not 8° and not 9° bu t 8-1/2°, i.e., about 
50 km variat ion was considered in view of the sensitivity 
of the I T C Z position). 

FIG. 8. Mean path of convective systems through B-Scale 
area during the three phases of GATE. (After Burpee and 
Dugdale, 1975.) 

Figure 8 shows tha t this selection was fo r tuna te in-
deed, as the mean cloud cluster tracks intersected the 
inner array precisely as ant ic ipated. Almost all of the 
convective systems du r ing each phase moved along paths 
wi thin 5° of the mean pa th for that phase; however, the 
tracks followed by each separate convective system 
showed considerable deviat ion f rom these average paths. 

As expected, and as described by Burpee and Dugdale 
(1975) in more detail, the most p rominen t synoptic scale 
features affecting the lower t roposphere of western Africa 
and the eastern Atlant ic were the easterly waves. Be-
tween late J u n e and mid-September 1974, 24 waves 
crossed the east At lant ic exper iment area with an average 
wavelength of 2500 km, per iod of 3.5 days and phase 
speed of 6 m/s . 

These waves modula ted the convective activity in the 
I T C Z region near the G A T E ships such that m a x i m u m 
intensity and nor thward displacement of the cloud 
clusters occurred just before or at the t ime of t rough 
passage at 700 m b and m i n i m u m convective activity 
one day af ter the t rough passed. Figure 9 based on 
Inf rared satellite in format ion gives a record of the occur-
rence of deep convection over the axis of the B-scale 
array (23.5°W). T h e influence of the easterly waves on 
the I T C Z is clearly visible. It was f o u n d that this influ-

FIG. 9. Time section of deep convection over B-scale area at 23.5°W, based on infrared satel-
lite images. Arrows indicate passage of 700 mb troughs of easterly waves. (After Burpee and 
Dugdale, 1975.) 
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FIG. 10. Explosive growth of cloud clusters in GATE ex-
periment area. The storm area is derived from infrared satel-
lite images of cold cloud tops. (After Weickmann, 1 9 7 5 . ) 

ence could still be detected in the wind field at the 
equator and even south of it. 

Severe aerosol outbreaks consisting mostly of Saharan 
dust took place several times dur ing G A T E . These dust 
outbreaks were generally confined to 10-25°N and were 
associated with the easterly waves. O n occasion the dust 
reached as far west as 80°W. T h e i r effects on the con-
vective activity and the radia t ion budget are presently 
under study. 

Most impressive—and upset t ing to the flight mission 
p lanning—was the explosive development of the cloud 
clusters in and near the B-scale array, their typical 
areal growth rates at the cirrus level being of the order 
of 104 k m 2 / h (Weickmann, 1975) (see Fig. 10), and their 
life times usually under 24 h (Mart in, 1975) (see Fig. 11). 
T h e i r in terna l structure, of ten connected with intense 
C-scale convective bands, should become clear f rom the 
shipborne radar and mult i-aircraft measurements . 

Whi le it was impossible to forecast the format ion of 
an individual cloud cluster, the intensity of the convec-
tive activity over the B-area was surprisingly well pre-
dicted by the capable in te rna t iona l forecasts t eam, 6 based 
on techniques developed dur ing the field phase. Dur ing 
Phase I the intensity of convective activity in the B-
area was related to the la t i tudina l position of the I T C Z 
and the positions of the troughs and ridges of the east-
erly waves. Twenty-four hour forecasts of convective 
activity thus requi red predict ion of the la t i tude of 
m a x i m u m cloudiness associated with the I T C Z and the 
positions of the easterly waves. These forecasts were 
possible with the aid of the SMS-1 satellite pictures and 
the synoptic charts p repared in Dakar . 

Six tropical cyclones fo rmed in the N o r t h At lant ic 
du r ing the exper iment period. Four of these, two tropi-
cal storms (Alma and Elaine) and two hurr icanes (Car-
men and Fifi), fo rmed in the G A T E area and could be 
traced eastward to an origin in the eastern At lant ic 
or the Afr ican cont inent . Hur r i cane Fifi devastated 
Honduras . 

I n summary it can be said tha t no t only the partici-
pa t ing 70 nations, bu t na tu re itself must be given credit 
for its fine cooperat ion with G A T E . 

6 Headed by Dr. R. Burpee. 

FIG. 11. Lifetime of cloud clusters as function of size. 
(After Martin, 1975.) 

5. The scientific subprograms 

As has been described in Article I, the total scientific 
program of G A T E has been divided into five subpro-
grams (synoptic, convection, boundary-layer, radia t ion, 
and oceanographic subprograms). T h e Centra l Program 
defining the high-priori ty scientific objectives, contains 
only a por t ion of each subprogram (see Fig. 2 of Article 
I), bu t it is this por t ion that will be addressed here. 
From our earlier discussion of the per formance of the 
observing program it is clear that its shortcomings affect 
the various subprograms in different degrees. Since most 
of these shortcomings occurred in the A-scale observing 
network, the synoptic subprogram was more affected by 
them than others. W e will first assess the subprogram 
individually and then, in Section 6, draw some prelimi-
nary conclusions as to the probable achievement of the 
pr imary scientific aims of the G A T E , i.e., the Centra l 
Program. T h e specific scientific objectives of each sub-
program have been described in Article I. T a b l e 4 sum-
marizes the objectives of the Centra l Program. 
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T A B L E 4. GATE—Primary scientific objectives. 

Descript ion Interaction Parame-terization Tropical data set 
Scale Phenomena: A: Synopt ic scale Moist Global Tropical waves (A) B : Cloud cluster convect ion models Cloud clusters (B) scale Planetary Limited I .T.C.Z. ( A / B ) C : Mesoscale boundary area models Meso-sys tems (C) D : Cumulus scale layer Cu-convect ion (D) Atm. boundary- Radiat ion layer Ocean, mixed layer 

a. Synoptic-Scale Subprogram 
T h e main events adversely affecting the Synoptic-Scale 

Subprogram in the field phase were the absence of two 
western At lant ic A-scale ships in Phase I; the marginal 
per formance (in real-time) of the Omega and VLF wind 
soundings f rom certain A-scale ships; and the fai lure to 
receive certain upper-air sounding data f rom land sta-
tions in par ts of Africa and South America. I t is hoped 
that re-processing of G A T E ship upper-air Omega and 
VLF data will improve the si tuation considerably. T h e 
upper-wind sounding coverage by the six A / B ships 
(which had radar windfinding) was excellent. 

T h e Synoptic-Scale Subprogram benefi t ted immensely 
f rom coverage by SMS-1 geostationary satellite images 
and winds everywhere west of 15°E. Winds may yet be 
derived for three levels. T h e Omega windf inding drop-
sonde aircraft also proved to be of great value over 
the central and eastern Atlantic. A considerable a m o u n t 
of data f rom commercial ships and aircraf t is expected 
to supplement the Synoptic-Scale Subprogram Final Data 
Set. 

I t is considered that satisfactory description of tropo-
spheric and lower-stratospheric synoptic-scale distur-
bances f rom west Africa to the western At lant ic Ocean 

(first ma jo r objective) can be achieved except perhaps 
for the western At lant ic in Phase I. 

Calculat ions of the mean atmospheric structure and 
dynamics on the A-scale, i.e., the basic state, should 
give reliable results except over western South America 
south of the equator , the Atlant ic south of the equator , 
over some central parts of Africa, and east of 45°E, 
where reliabili ty will be marginal . Similar considerations 
apply to A-scale interact ions with the basic state. 

Descript ion of the synoptic-scale env i ronment of B-
scale cloud clusters in sufficient detail to allow A-B-scale 
interact ion studies should be possible by vir tue of the 
excellent coverage of A / B and B-scale ships. T h e r e may, 
however, be difficulties for Phase I because of data 
sparsity immediately east and southeast of the B-scale 
area and for Phases I and I I in the west Atlantic . 

Development of complete and internal ly consistent 
data sets for tropical numerica l models, the four th and 
final ma jo r objective (see T a b l e 4), is not likely to be 
fully achieved because of the data gaps ment ioned . How-
ever the SMS-1 winds will fill many of these gaps and, 
if all data are used, large-scale tropical model ing studies 
should profit, especially forecast-analysis models with 
good space and time in terpola t ion schemes. 
b. Convection Subprogram 

Most observations p l anned to suppor t the Convection 
Subprogram were accomplished. As ment ioned earlier, 
the Omega and VLF windf inding systems on some of the 
B-scale and A-scale ships, which were new systems de-
veloped for G A T E , did not work as well as the well-
proven radar windf ind ing systems. Improvemen t in data 
quali ty is, however, expected f rom post-processing. 

O n the other hand , the data base for the study of 
A-B-scale interact ions will be adequate because the 

T A B L E 5 . Convection Subprogram: Aircraft mission summary. 

Mission t y p e Object ive 
Planned maximum (minimum) Flown 

Mission t y p e Object ive 
Missions Sorties Missions Sorties 

1A/1C1/3 
1C2 
ID 
IB 

Cluster budget study (Butterfly 
or box pattern) 

Structure of convective bands 
(Line pattern) 

Sub-cluster mesoscale convection 
(Area pattern) 

Cluster life cycle 

13̂  
4 

>25 (23) 
5 
3J 

7 n 
12 

>132 (115) 
25 
24j 

13" 
6 

>23 
4 

65] 
30 
20 

>115 

2 
2B 

Boundary-layer ITCZ (to equator) 
ITCZ (Line or box pattern) 

5 (5) 25 (22) 
1 6 1 [ 32 
16J 

Total (Basic GATE missions) 30 (28) 157 (137) 29 147 

4 
8 
9C 

Vortex off Dakar 
Cloud physics/rings 
Cluster life cycle (dropsonde) 

3 (2)1 
6 (3) >17 (13) 
8 J 

15 (u rn 
18 (6) U l (24) 
8 J 

16^ (21) 

Total 47 (41) 198 (161) 42 168 

Note: The maxima are based on 290 total sorties by long-range aircraft; the minima are based on 210 sorties (see GATE Report No. 
11, Aanensen and Zipser, 1974). The actual number of sorties flown was 288. 
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A / B ships' r a d a r w ind soundings p e r f o r m e d very well 
a n d the be t te r A-ships were moved a f te r Phase I to 
strategic posi t ions nea re r the B array (Figs. 1 a n d 2). 

As regards the C-Scale, the wea the r r ada r s on most 
B a n d C ships gave re l iable coverage wi th few data gaps. 
T h e s e radars revealed the dist inct mesoscale s t ruc ture 
of p rec ip i t a t ing c loud clusters, o f t en in the f o r m of 
b a n d s o r i en ted E-W or NE-SW. Also the a i rc ra f t pro-
gram was r emarkab ly successful ( T a b l e 5) despi te the 
fact tha t the t ransience of B-scale area c loud clusters 
m a d e a i rcraf t mission p l a n n i n g a n d execut ion difficult. 
M a n y G A T E a i rcraf t missions successfully concen t ra ted 
on the mesoscale sub-system of the c loud clusters which 
h a d a p p e a r e d on the radar . Figures 12 a n d 13 give an 
example : A g r o u p of 6 long-range a i rc raf t pa r t i c ipa ted 
in this successful "basic G A T E mission," in add i t ion to 
o ther a i rc raf t flying s imul taneously a rad ia t ion , a squall-
line, a n d an oceanographic mission over the eastern At-
lan t ic a n d western Africa, typical of the daily flight 
activities in the th i rd phase. 

T h e special capabi l i t ies of the 5.7 cm radars on the 
C a n a d i a n ship Quadra a n d the U.S. ships Oceanogra-
pher, Researcher, a n d Gillis will be par t icular ly va luab le 
for the scientific analysis. 

T h u s it appea r s tha t the combined observing system of 
ships, satellites, radars, a n d a i rc raf t has given a good 
da ta base for descr ipt ion of the B a n d C-scale p h e n o m e n a 
a n d the study of B-C-scale interact ions . 

A l though fewer 1/2-hourly soundings were ob ta ined 
d u r i n g Phase I I I t han h a d been p l a n n e d , sufficient detai l 
appear s to have been ob t a ined f r o m the radars a n d air-
craf t to enab le studies of in te rac t ions be tween the D-
scale a n d the larger scales. T h e boundary- layer pi lot 
bal loons a n d t h e r m o d y n a m i c s t ruc ture sondes in the 
C-scale area in Phase I I I will also have p rov ided use-
fu l da ta for these aspects. 

An overall assessment may be p r e m a t u r e at this stage, 
bu t it seems tha t enough of the observat ional object ives 

FIG. 12. Double cloud cluster over B-scale area on 5 Sep-
tember 1974 at 12:00Z. Explored by aircraft, ship radar and 
soundings. The aircraft track is marked. 

FIG. 13. Radar echoes in cloud cluster of 5 September 1974 
at 12:00Z (Fig. 12) transmitted by the Canadian ship Quadra 
and received in real-time to determine the flight pattern of 
multi-aircraft mission. The main low-level inflow and high-
level outflow area of the system were successfully "boxed-in." 

were me t to provide the da ta needed for the studies of 
convect ion a n d convective in terac t ions over the eastern 
t ropical Atlant ic , which are themselves an essential step 
toward the improved paramete r iza t ion of t ropical con-
vect ion. Cons ider ing the complexi ty of the e x p e r i m e n t 
a n d its objectives, a p re l imina ry assessment is tha t it 
was a r emarkab le success. 
c. Boundary-layer Subprogram 

I n the surface layer, the measurement s of fluxes a n d 
profi les will enab le de t e rmina t i on of the flux-profile rela-
t ionship and , thus, of the t ransfer coefficients for 
m o m e n t u m , heat , a n d mois ture u n d e r d i f ferent condi-
tions. In general , the val idi ty of the bu lk ae rodynamic 
m e t h o d for flux de t e rmina t i on u n d e r a var iety of 
a tmospher ic condi t ions can be tested wi th sufficient 
mater ia l . Most of these results can be ex t r apo la t ed to 
o the r par t s of the G A T E area a n d used in b u d g e t 
computa t ions . 

T h e spectra c o m p u t e d f r o m high a n d m e d i u m reso-
lu t ion fluctuation measuremen t s on buoys a n d booms 
will cover a f r equency range be tween 10 a n d a b o u t 3 
X 10 - 6 Hz. W e should the re fore be able to def ine in a 
more object ive way the scales of the a tmosphere struc-
ture as a f u n c t i o n of the convective cond i t ions (showers, 
squallines, clusters, etc). T h e preva i l ing f requenc ies of 
the surface flow can thus be re la ted to ex te rna l 
parameters . 

Surface pressure measurement s will p robab ly r u n in to 
difficulties. F rom a quick look at the in te rcompar i son 
da ta it appear s tha t the absolute accuracy may no t be 
acceptable . For the de t e rmina t i on of pressure g rad ien ts 
a n d their r a te of change wi th t ime, a i rc raf t measure-
men t s by rad io a l t imeter (in connec t ion wi th pressure 
a l t imeter) will be of va lue b u t will be conf ined main ly 
to the B-scale area. T h i s will be of impor t ance to test-
ing cer ta in aspects of the CISK theory (e.g., Bates, 1973; 
C h a r n e y a n d Eliassen, 1964). T h e solut ion of the equa-
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torial boundary-layer parameter izat ion prob lem is in 
doubt because of the l imited la t i tud ina l range of the 
data. 

Investigations of the uppe r layers of the boundary-
layer (BL) will benefit f rom the large a m o u n t of infor-
mat ion on the dynamic and thermodynamic structure 
gathered by te thered balloons, s tructure sondes, pibals, 
and aircraft . 

I t should be remarked that af ter early difficulties, as a 
result of which te thered bal loons were lowered dur ing 
aircraf t missions, the coordinat ion between low-flying 
aircraf t and te thered balloons improved and by Phase 
I I I was virtually perfect so that the Phase I I I tethered-
balloon data set, a l though somewhat biased towards 
undis turbed weather, is very substantial , and cont inues 
through periods of aircraft missions. 

Vertical profiles of the fluxes of m o m e n t u m , sensible 
heat, and water vapor have been measured on many 
occasions by aircraf t gust probes and—in the th i rd 
phase—by the special te thersonde of Hecla. T h e sur-
round ing fields and profiles of mean quant i t ies are avail-
able f rom ships and aircraft and can be rela ted to the 
fluxes. 

Divergence and vorticity can be computed on a variety 
of scales using tethersondes, pibal wind profiles, and air-
craft data. Al though the C-area Phase I I I pibals were 
only able to be launched every hour ra ther than every 
30 min, the budgets of mass and energy can be derived 
and the concept of scale interact ion through energy 
transfers f rom one scale to another be tested. 

In summary, the Boundary-Layer Subprogram will 
meet the Central Program requirements . Despite certain 
data losses, models of the und is tu rbed boundary layer 
can be tested and improved models appl icable to cloud 
cluster condi t ions can be developed. I n p u t quant i t ies to 
the other subprograms, e.g., mass and energy fluxes at 
cloud base, boundary layer convergence, etc., can be pro-
vided. In general a considerable step forward will have 
been taken in the parameter izat ion of the B L and in the 

unders tand ing of the physical processes of the BL in the 
presence of deep tropical convection. 
d. Radiation Subprogram 

T h e Rad ia t ion Subprogram was p l anned to rely on 
data f rom aircraft , ships, satellite, radiometersondes, and 
land stations. 

T a b l e 6 summarizes the aircraf t missions devoted to 
the Rad ia t ion Subprogram. Addi t ional rad ia t ion data 
were collected on other flight missions with different pri-
mary objectives. It may be seen that almost all the 
plans for radia t ion aircraft missions were accomplished 
or exceeded. This , together with the aircraf t intercom-
parison flights, leads to the conclusion that the aircraf t 
par t of the Radia t ion Subprogram will give an excellent 
data set. 

F rom the appa ren t high qual i ty of the intercomparison 
data for the A / B and B ships one may expect the ship 
data set for this area to be adequate . T h e quan t i ty is 
also known to be adequate . However the incompleteness 
du r ing all phases of the A-scale ship array and un-
certainty about the ins t rumenta t ion of some of the 
vessels means tha t the hoped for data set on the whole 
A-scale will probably not be fully achieved. However 
this does not affect any of the f u n d a m e n t a l objectives 
of the Rad ia t ion Subprogram. 

Cur ren t indicat ions are that the programs of all satel-
lites except the Nimbus-F were met. T h e excellence of 
the SMS-1 satellite pic ture cover will permi t the coordi-
na t ion of cloud field and radia t ion profile data through-
out the exper iment . It is p l a n n e d to use pos t -GATE 
data of Nimbus-F to derive re la t ionships with satellites 
opera t ing dur ing G A T E , especially SMS-1, and to apply 
these relat ionships to G A T E satellite data in order 
to improve the uppe r boundary values for rad ia t ion 
budget computat ions . 

N o firm assessment of the radiometersonde program 
can be made unt i l the data are available. Encourage-
men t may be taken f rom the general adherence to 

T A B L E 6 . Radiation Subprogram: Aircraft mission summary. 

Mission type Object ive 

Planned maximum (minimum) based on 290 (210) total sorties by long-range meteorological research aircraft. F lown 

Missions Sorties Missions Sorties 

7A2 
7A3 

Horizontal "Snake" pattern with selected cloud fields 
Line integral pattern with selected cloud fields } - 35 7 18 

7B1 
7B2 

Vertical "Serpentine", steady state weather mission 
Constant inclination, dust mission 

7 plus several 
part missions 

Several part 
missions 

7 plus several 
part missions 

Several part 
missions )• 47.5 

7B1A Vertical "Serpentine," dust mission 2 2 3 6 
701 Intercomparison with satellite 2 2 1 1 
702 Intercomparison with ships Several part 

missions 
Several part 

missions 
3.5 5 

703 Intercomparison with radiometersondes 2 2 1 1 
Total 23 (14) 

+ several partial 
missions 

48 (27) 
+ several partial 

missions 
60.5 78.5 
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l aunch schedules and the achievement of some inter-
comparisons. Also no th ing can be said yet about the 
radia t ion data that are expected f rom about 100 land 
stations in the G A T E area. Regard ing the radiat ive 
propert ies of aerosols, an excellent data set should be-
come available f rom the Sahara dust studies made by 
aircraft , ships, l and stations (Cape Verde), and satellites. 

Despite the drawbacks with regard to the lack of 
Nimbus-F data and the sparsity of the A-scale ship 
network, the overall success of the radia t ion observing 
systems in G A T E appears to have been bet ter than most 
scientists expected. Indicat ions are that all m a j o r Radia-
tion Subprogram objectives regarding the acquisit ion 
of data have been met. In other words, the vertical 
profiles of radiat ive fluxes and hea t ing rates under vary-
ing cloud and aerosol condi t ions will be sufficiently 
known to enable parameter izat ion, and so will the ne t 
radia t ion and its components at the ocean surface in the 
B-scale area, in accordance with the scientific objectives 
of the subprogram. 
e. Oceanographic Subprogram 

T h e Oceanographic Subprogram was for convenience 
divided into two main parts: the study of the large-
scale oceanic circulation, and the study of upper-layer 
processes. T h e former was subdivided into the descrip-
tion of the tropical cur rent system and the equator ia l 
exper iment of Phase II, whereas the lat ter was split in to 
the Phase I I I studies of upper-layer processes in the C-
scale area, and mixed layer budget studies in the 
B-scale area. For details see Chapte r 9 of G A T E R e p o r t 
No. 16 (Philander , 1975). 

T h e description of the tropical cur rent system was 
somewhat affected by the absence of some A-scale ships 

in the western Atlantic, bu t these data losses were more 
than offset by the repea ted sections of the S. Dezhnev 
and by addi t ional soundings along the tracks of several 
o ther vessels. 

O n or near the equator all measurements went essen-
tially according to plan, except that some current-mea-
suring plans for moving ships had to be revised because 
of buoy problems. Most of the p l anned time-series of 
data f rom ins t rumented current buoys were obta ined. T h e 
overall equator ia l data set is unprecedented . T h e equa-
torial unde rcu r ren t as well as the surface currents above 
it were observed to meander about the equator . A wave-
length of abou t 2600 km and a (westward) phase speed 
of 1.9 m / s are suggested by the data (Duing et al1975). 
T h e sea surface t empera tu re field is strongly modified 
by upwel l ing of the undercur ren t . 

T h e p la t forms used to measure u p p e r layer pro-
cesses in the C-scale area included aircraft , stationary 
and roving ships, and buoys moored to the ocean floor 
or te thered to ships. T h e dis t r ibut ion of ships and some 
of the oceanographic buoys are shown in Fig. 14. T h e 
surface wave program suffered slightly f rom the loss of 
some buoys bu t gained f rom a i rborne wave measure-
ments. 

Wa te r masses d r i f t ing through the C-scale area were 
followed by roving ships using the "batfish" sounding 
system while a ircraf t m a p p e d the corresponding sea-
surface t empera tu re fields. T h e s imultaneous oceano-
graphic and meteorological measurements should be ade-
qua te for a detai led study of mixed layer development . 
Some early results on the C (and B)-scale u p p e r layer 
processes are included in G A T E Repor t No. 14 (ISMG, 
1975). 

T h e interact ion of the tropical ocean and a tmosphere 

FIG. 14. C-scale ship and oceanographic buoy array during Phase III 
(30 August-19 September 1974). 
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—including dynamic a tmospheric forcing and thermal 
oceanic forcing—will, for the first time, have a broad 
data base. In summary, it can be stated that the main 
objectives of the Oceanographic Subprogram will almost 
certainly be met. 

6. The Central Program 
T h e previous discussion leads to certain conclusions 

regarding the achievement of the pr imary objectives of 
G A T E as defined in the Centra l Program (see T a b l e 4 
and G A T E Repor t No. 3, Hough ton , 1974). T h e achieve-
men t of the aims of the Centra l Program will accord-
ingly be discussed here under the four main headings: 
"Descript ion," " In terac t ion ," "Parameter iza t ion" and 
"Trop ica l Data Set." For greater detail the reader is 
referred to G A T E Repor t No. 16 (Kuet tner and Long, 
1975), Section 4. 
a. Description of scale phenomena 

I t is considered that the G A T E data are sufficient for 
describing synoptic-scale tropical waves and disturbances 
as p lanned, a l though there may be difficulties in the 
western Atlant ic for Phase I. 

Description of the A-scale basic state should be possible 
with sufficient accuracy except perhaps over western 
South America south of the equator , the At lant ic south 
of the equator , some central parts of Africa, and east 
of 45°E. Description of A-scale features of the I T C Z will 
be possible in the eastern Atlantic, as in t ended by the 
design of G A T E . Descript ion of B-scale facets of the 
I T C Z and of B-scale cloud clusters should be possible 
in considerable detail. 

Except for the 1-1/2-hourly sounding data f rom B and 
A / B ships, the data acquired by ships, aircraft , radar , 
and satellite generally exceed expectations, so that de-
scriptive studies of C- and D-scale moist convection will 
certainly be successful. T h e "descr ipt ion" of these scale 
phenomena comprises the characteristics of the p lanetary 
boundary layer under d is turbed and undis tu rbed condi-
tions, the radia t ion flux profiles under varying degrees 
of cloudiness, and the sea surface tempera ture and the 
density and current fields of the oceanic mixed layer. 

W e conclude that the G A T E data are largely sufficient 
for the descriptive studies requi red by the G A T E 
objectives. 
b. Interaction of scale phenomena 

T h e study of the interact ions of the A- and B-scales is 
a key objective of G A T E . 

T h e r e appears to be no problem with A —> B-scale in-
teractions because their study only requires good data 
on the B-scale features and on the superimposed A-scale 
fields (which we have), while the contr ibut ions of the 
total G A T E (A-scale) area are less vital. Studying the 
B —> A-scale interact ion will requi re moni to r ing the 
A-scale not only at the region of m a x i m u m B-scale i n p u t 
but also over a significant por t ion (in space and time) 
of the A-scale, i.e., at least for one or two synoptic-scale 
wavelengths. T h e data gaps over the western At lant ic in 
the first par t of the field phase may therefore affect the 
B —> A-scale interact ion more than vice versa. However, 

for the lat ter par t of G A T E a complete study of the 
A B scale interactions, i.e., control and feedback, 
should be possible. 

T h i s conclusion was reached by considering the budget 
equat ions for A-scale eddy kinetic energy, eddy available 
potent ia l energy, and moisture averaged over the dep th 
of the troposphere. I t remains to be seen how com-
prehensively this can be done. T h e rea r rangement of 
ships in Phases I I and I I I served to improve the situa-
tion. Research into interact ions between A-scale and 
the basic state should produce useful results bu t there 
will be data deficiencies in the areas ment ioned above. 

Study of interact ions involving the I T C Z should be 
possible to the degree in tended in the G A T E plans, 
and we should learn more about the mechanisms in-
volved in the format ion of the ITCZ. For these lat ter 
studies careful use of surface pressure data may be 
needed. Whi le reliable absolute values may not be ob-
tainable, relative values (gradients) should be available, 
especially with the aid of pressure and radio al t imeter 
data on board low-level G A T E aircraft . 

Finally, there is l i t t le doub t that a wealth of data 
will suppor t studies of interact ions between clusters 
(B-scale) and mesoscale convective features (C-scale), and 
between these C-scale features and cumulus-scale (D-
scale) processes. 
c. Parameterization 

T h e aim to fu r the r the successful development of 
schemes for parameter izat ion of moist convection in the 
tropics will almost certainly be fulfi l led with the G A T E 
data. In the light of the success of the Rad ia t ion Sub-
program, the same is considered to hold for parameter i-
zation of radia t ion. T h e r e is also guarded opt imism that 
the parameter izat ion of the tropical boundary-layer un-
der dis turbed and und is tu rbed condit ions polewards of 
about 5° la t i tude will be achieved or at least consider-
ably advanced. 
d. Tropical data set for numerical models 

Although the total data set of G A T E will exceed any-
thing available f rom the tropics in the past, the lack 
of upper-air soundings over certain parts of the G A T E 
land areas and the shortcomings in wind soundings over 
the western Atlant ic will affect the value of the G A T E 
data set to global models. Satellite cloud mot ion data 
west of 15°E could prove invaluable in filling some of 
these data gaps especially if they cover three levels, as 
can now be expected. G A T E data should be especially 
useful to those global models applying four-dimensional 
assimilation schemes which make adequate use of data 
f rom previous times for data-sparse areas. 

T h e above remarks on global models also apply to 
l imited area and nested models, bu t the lat ter will have 
an extra benefit , in that the unpreceden ted data set 
f rom the eastern At lant ic ship array should provide a 
sound basis for parameter izat ion studies, especially with 
nested fine mesh grids. 
7. Data management 

As originally p l anned (de La Moriniere, 1974), the 
data will flow f rom the Na t iona l Processing Centers 
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FIG. 15. Data flow of GATE Data Centers. NPC = National Processing Centers, SDC = 
(International) Subprogram Data Centers, WDC = World Data Centers. 

(NPCs) in ten countries to the five in te rna t iona l Subpro-
gram Data Centers (SDCs) and the two Wor ld Data 
Centers (Fig. 15). 

T h e N P C s are now involved in the processing and 
validation of their na t iona l data and are striving for 
delivery of all nat ional ly val idated data sets to the SDCs 
in agreed G A T E format on magnet ic tape by 31 March 
1976. Most of the SDCs are p repared to accept the first 
N P C data and are developing the necessary software 
for quali ty control and in te rna t iona l val idat ion. T h e 
G A T E Archives already contain some impor t an t pre-
l iminary data sets available to the scientific users and 
are cont inual ly increasing. 
a. Data now available 

Among the G A T E data sets now available in the 
G A T E Archives at Wor ld Data Centers (WDCs) A or B 
are the following: 

a) pre l iminary data set (satellite, aircraft , ship data, 
etc.) f rom G O C C Dakar (microfilm); 

b) special analysis products (A, B-scale analyses, cloud 
clusters analyses, etc.) f rom G O C C Dakar (35 m m 
microfilm); 

c) quick-look synoptic data set f rom SSDC Bracknell 
(magnetic tape); 

d) te leprinter paper- tape synoptic data set (surface, 
upper-air) f rom SSDC Bracknell (magnetic tape); 

e) SMS-1 visible and I R satellite images (35 m m micro-
film); 

f) meteor (U.S.S.R.) satellite images (500 photos); 
g) SMS-1 satellite "movie-loops" f rom G O C C Dakar 

(125 on microfilm); 
h) radar photographs f rom Oceanographer (microfilm); 
i) some ships and aircraft in tercomparison data. 

b. Availability of further data 
T h e qual i ty of data sets based on a great n u m b e r of 

i ndependen t p la t forms and measur ing systems depends 
entirely on good intercomparison tests. Ship intercom-

parisons took place n ine times in different parts of the 
At lant ic before, du r ing and af ter the field phase and 
involved u p to 15 ships at a time. Aircraf t intercom-
parisons among two to three planes flying in format ion 
were made 14 times, in addi t ion to 17 "fly-bys" at an 
ins t rumented and cal ibrated tower. I t is these data tha t 
are needed first by the SDCs. There fore , the first data 
products due to arrive f rom the N P C s were the inter-
comparison data. Whi le some nat ions have delivered 
their data on t ime there is concern tha t others indi-
cate schedule slippages of several months which may 
ul t imately affect the date at which the final G A T E data 
sets will become available. Action is being taken to find 
a solution to this problem. 

Regard ing the field phase data, it is p l anned that 
N P C s will make nat ional ly val idated data available to 
SDCs and W D C s according to the fol lowing schedule: 

1) Phase I I and Phase I I I data for "high priori ty days" 
before 31 October 1975. 

2) R e m a i n i n g na t ional data before 31 March 1976. 
It is ant ic ipated (and hoped) that the in ternat ional ly 

val idated data sets f rom the SDCs will begin to become 
available in late 1976 with all p l anned products com-
pleted by 31 March 1977. 

T w o independen t mechanisms will advertise G A T E 
data as they become available. T h e first will be the pub-
lished quar ter ly status reports on data management of 
the G A R P Activities Office in W M O , Geneva. T h e sec-
o n d will be the G A T E data catalogs p repared by the 
W D C s in Wash ing ton and Moscow. 
8. Scientific analysis phase and future 

international plans 

A very large n u m b e r of papers giving pre l iminary 
scientific results of G A T E has already been publ ished 7 

or presented at na t iona l or in terna t ional scientific meet-
7 See for example GATE Report No. 14 (ISMG, 1975), 2 

volumes. 
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ings. W e resist the t emp ta t i on here to give typical sam-
ples of these resul ts as the selection wou ld have to be 
a rb i t ra ry a n d the da ta base is still largely unva l ida ted . 
An i n t e rna t i ona l G A T E b ib l iography list will short ly be 
p roduced a n d will be u p d a t e d periodical ly. I t can be 
expec ted tha t m a n y specialized papers , based on the 
invest igator 's own exper iments , will be pub l i shed in 
the nea r fu tu re , while the more comprehens ive studies 
will have to await the in te rna t iona l ly va l ida ted da t a sets. 

T h e I n t e r n a t i o n a l Scientific a n d M a n a g e m e n t G r o u p 
(ISMG), consist ing of scientific, opera t iona l , a n d da ta ex-
per ts f r o m m a n y count r ies was d i sbanded in Apr i l 1975 
a f te r 3 years of intensive work at Bracknel l , U.K., 
Geneva, Switzerland, a n d Dakar , Senegal. T h r o u g h o u t 
this t ime its co l labora t ion wi th the na t iona l p ro jec t lead-
ers (or G A T E "Focal Points") in the pa r t i c ipa t ing coun-
tries has been close and ha rmon ious . M a n y lessons 8 were 
l ea rned which will be of va lue to f u t u r e pro jec ts of this 
k ind . 

T h e responsibi l i ty for the da ta m a n a g e m e n t a n d 
research phase has now been t rans fe r red to the G A R P 
Activities Office (GAO) of W M O at Geneva . T h e G A O 
will m o n i t o r the da ta flow a m o n g the 17 da ta centers in-
volved a n d will publ i sh the progress of da ta processing 
in the f o r e m e n t i o n e d quar te r ly status repor ts . I t will 
act as i n t e rna t iona l coord ina t ion po in t for all da ta 
p rob lems a n d assist the I n t e r n a t i o n a l S u b p r o g r a m Da ta 
Cente rs (SDCs) as needed . 

O n the research side the G A O will con t i nue the exist-
ing close coopera t ion wi th the na t iona l focal points , the 
i n t e rna t iona l scientific communi ty , a n d the da ta centers, 
a n d will h e l p to solve their problems. I t will m o n i t o r the 
progress of scientific analysis wi th a view towards the 
achievement of the p r imary object ives of G A T E . G A O 
will publ i sh b ib l iography lists, p lan scientific seminars, 
workshops, a n d symposia; a n d r epo r t the latest develop-
ments in the GARP Newsletter. 

T h e scientific analysis phase will be closely fol lowed 
by J O C th rough its Pane l on the T r o p i c a l Subprogram. 
Fur the rmore , the T r o p i c a l E x p e r i m e n t Board (TEB) , 
r ep resen t ing the gove rnmen t s of the pa r t i c ipa t ing na-
tions, will con t i nue its f unc t i on for the t ime be ing to 
ensure tha t the necessary resources are avai lable to b r ing 
the da ta m a n a g e m e n t a n d research phase of G A T E to a 
successful conclusion. Eventua l ly a comprehens ive r epo r t 
on the results of G A T E will be compi led . 

9. Conclusion 
T o many, the field phase of G A T E was a surpr is ing 

exper ience. A l though careful ly p r e p a r e d a n d p l a n n e d , 
there h a d been no possibility for a p r io r full-scale test, 
a n d there was no cer ta inty tha t a field p ro jec t of this 
m a g n i t u d e a n d complexi ty could succeed. 

T h e ex t r ao rd ina ry effort by the pa r t i c ipan t s a n d the 
preva i l ing a tmosphere of good will gave the j o i n t re-
search work the chance to succeed. I n our best j u d g m e n t 
it d id a n d we es t imate tha t at least 8 0 % of the scientific 

s Some are listed in Chapter 6 of GATE Report No. 15 
(Tarbeev et al., 1975) and Chapter 13 of GATE Report No. 
16 (Kuettner and Long, 1975). 

object ives of G A T E will be achieved, if the da ta process-
ing a n d scientific analysis phases proceed wi th the same 
vigor a n d thoroughness as the field phase. I t can there-
fore be expected tha t the t ropical p h e n o m e n a of all 
scales will be described in great detai l , especially the 
tropical cloud clusters; tha t the in te rac t ion a m o n g the 
scale p h e n o m e n a will be sufficiently unde r s tood to arr ive 
at more realistic schemes for pa ramete r i z ing moist con-
vection on subsynopt ic scales, as well as boundary- layer 
a n d rad ia t ion processes in the tropics; a n d finally tha t 
the u n p r e c e d e n t e d a m o u n t of da ta f r o m the equa tor ia l 
be l t—in spite of its l imi ta t ions—wil l lead to a m a r k e d 
advance in t ropical model ing . T h e p re l imina ry scientific 
o u t p u t of G A T E is a l ready impressive. 

T h i s alone, however, does no t just ify our g u a r d e d opti-
mism with respect to f u t u r e G A R P projects, their a ims 
a n d technology no t be ing directly comparab le wi th 
G A T E . W h a t makes us h o p e f u l is the exper ience that , 
in a careful ly designed expe r imen t , scientific teams f r o m 
m a n y countries, b r i ng ing a long a m u l t i t u d e of techni-
cal systems, speaking m a n y di f ferent languages, hav ing 
d i f ferent scientific or pol i t ical out looks a n d varying na-
t ional priori t ies, can—if they set their m i n d s to i t— 
successfully execute a highly complex observing p rogram. 
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The GATE Aircraft Program: A Personal View 

Joanne Simpson 
Department of Environmental Sciences, University of Virginia, Charlottesville, Virginia 22903 

1. General comments 
T h e outs tanding fea ture of the G A T E Exper iment , in 

my opinion, was its success. T h e success exceeded my 
own a n d most scientists' ant icipat ions. 

T h e field phase of G A T E , I believe, more than 
achieved its goals, and went beyond expectat ions in the 
per formance of data systems, the cooperat ion and dedi-
cation of the diverse people, groups, and na t ions in-
volved, and in the opera t ion itself. More mult i -aircraft 
missions were obtained, with apparen t ly good data, than 
could reasonably have been ant ic ipated. Fur thermore , 
missions were well d is t r ibuted among the pre-determined 
programs and objectives. 
2. Hypothesized reasons for success 

T h e reasons for the success of the G A T E field phase 
were, I believe, as follows: 

A. People—Enormous devotion and hard work of 
nearly everyone involved. High level of competence. 
Relat ive absence of visitors, operators, a rm wavers, and 
boondogglers. Young and old complemented and stimu-
lated each other. Famous scientists and graduate s tudents 
together sweated 18-20 hour mosquito-infested days, 
broiled and froze on aircraft , wielded screwdrivers, tephi-
grams, calculators, typewriters, xeroxes, and pe r fo rmed 
good old manua l labor, which no one fancied himself or 
herself too good to do, since it had to be done. 

B. Advance p l a n n i n g and rehearsals. These pa id off in 
providing clear-cut goals, priorities, p lans for flight pat-
terns and communica t ions and, most of all, pre-acquaint-
ance and teamwork among key part icipants . 

C. Considerable on-site analysis and evaluat ion of data 
on all scales. Among the ou t s tand ing examples were: 
analysis re la t ing convection code to dynamic variables; 
studies of Afr ican squall lines; documenta t ion of diur-
nal convection cycles in the B-array; work on aircraft 
data and dropwindsonde data in the reconnaissance of 
several evolving and non-evolving Dakar disturbances. 

D. Jus t pla in good luck. Never in 30 years have I 
seen so many un t r i ed systems work on their first ma jo r 
field program. Notewor thy were the N O A A A W R S sys-
tem and the N C A R dropwindsonde, which I believe 
may revolutionize some impor t an t aspects of meteorology 
if adequate ly exploited. In Phase 1, difficulties were ex-
per ienced with the shipboard Beukers omegasonde wind-

f inding equ ipment . By the end of Phase 3, however, a 
few intercomparisons suggested that at least some of 
these systems may have produced some rel iable or at 
least correctable data. 

3. Ship-aircraft relationships 
By the t ime of Phase 3, I believe that ship-to-aircraft 

communica t ions and cooperat ion had had the m a j o r 
bugs removed and were working very well. T h e ship 
repor ts were vital in bo th the pre-flight and in-flight air-
craft mission p lanning . Fur thermore , I believe the ships 
worked with bet ter efficiency and morale when in-
formed of what the aircraft were doing. T h e hor rendous 
air traffic problems posed by the ship bal loons were 
hand led well, with compromises on bo th sides, wi th 
min imal requests to keep ship balloons down because 
of aircraf t tracks. T h e repor ts of the vessel Dallas to 
the aircraf t team at the beg inn ing of and dur ing mis-
sions concerning the boundary layer structure were 
part icularly valuable to the Airborne Mission Scientists 
in setting flight alt i tudes. 

4. Cooperation among scientists 
I was amazed and delighted at the spirit of coopera-

t ion and exchange between groups and individuals of 
all organizat ions and nations. T h e less fo r tuna te aspects 
of competi t ive spirit and abrasive interact ions were mini-
mal. Al though sheer exhaust ion and illness led to occa-
sional t emper flare-ups ( including my own), the cause of 
these was generally recognized with tolerat ion. Good 
feelings were soon restored, so that overall s t imulat ing 
and fr iendly exchanges prevailed between scientists at 
nearly all times. 

5. SMS-GOES satellite imagery—its value 
and limitations 
T h e GOES satellite imagery was beaut i fu l . T h e I R 

and visible pictures were essential to and superbly used 
in the weather forecasts, overall mission selection, and 
general p lanning . T h e satellite imagery was at its best 
in following I T C Z developments, in t racking Dakar 
waves and vortices, and also in following Afr ican squall 
lines. 

Even the one-half mile resolution, however, failed 
to ident i fy most active oceanic mesoscale cloud lines in 

Unauthenticated | Downloaded 11/11/25 04:54 PM UTC



28 Vol. 57, No. 1, January 1976 
their growing phases. Many convective systems were not 
recognized unt i l the dying stages, when cirrus anvils pre-
dominated . Enhanced products (e.g., by densi tometer) 
would have greatly helped in the field and will greatly 
aid in the analysis—if they are not so costly as to be 
unavai lable to those of us working on the data. 

O n e of the m a j o r lessons learned in G A T E was the 
l imita t ion of even the best cur rent satellites to ident i fy 
the early stages of active convection, part icularly when 
short-lived and not organized in to persistent systems 
larger than mesoscale. W h e n many systems became 
recognizable as so-called "cloud clusters" on the GOES 
imagery, they in reality consisted only of o r p h a n anvils 
and dead r emnan t s of earlier convection. 

A fact which I suspected before G A T E and have now 
proper ly documented is that the term "cloud cluster" is 
u n f o r t u n a t e and should be abandoned . T h e reason is 
that it not only says no th ing mean ingfu l about the con-
vection, bu t in fact of ten gives misleading in format ion 
regarding the dynamics, physics, organization, and large-
scale impact of the convective processes. Only once on 
my 13 missions in Phase 3 did I see anyth ing resembling 
a proper "cloud cluster" and then I doubt that this real 
"cloud cluster" of clouds would have been detected 
on the satellite pr ior to its dying stages, if then. 

Virtually all convection that I and the other Ai rborne 
Mission Scientists investigated a n d / o r saw were cloud 
lines. T h e isolated penetra t ive cumulus or cumulonim-
bus was almost bu t not qui te as rare as the bona-fide 
"cloud cluster." T h e poin t tha t the term "cloud cluster" 
is not meaningfu l , at least in the G A T E area, has been 
made by several other G A T E scientists. 

Another vitally impor tan t l imita t ion in satellite de-
ductions, which can be tu rned a round with fu r the r 
research in to impor tan t revelations regarding the tropi-
cal atmosphere, was the f r equen t lack of re la t ionship 
between spirals or rings of penetra t ive towers and cor-
responding closed circulations in the wind field. O n 
numerous occasions, satellite stills a n d / o r loops showed 
cloud features suggesting a closed circulation, which 
either did not exist in the wind field, or existed at a re-
mote distance f rom the cloud "center" in a place where 
it never could have been located by any type of cloud 
imagery, f rom satellite, through radar , visual photog-
raphy or eyeball. T h i s observation does not imply a lack 
of re la t ionship between wind convergence and penetra-
tive convection, which should be a pr imary subject of 
study with the G A T E data. 

6. Radar in relation to mission planning and analysis 
T h e per formance of the ships' radars was unexpectedly 

fine. T h e repor ts f rom those ships which were regularly 
made available at G O C C (in Phase 3 primari ly f rom the 
Quadra and the Oceanographer) were vital aids in mis-
sion p lanning, f rom 0400 hours when the scientists 
arrived at G O C C to the final establishment in the air of 
pa t te rn coordinates, usually at about 1200 hours. T h e 
a i rborne radar on the N O A A C-130 was invaluable in 
the final decision process on days when missions in-
volving convection were flown. 

W h e n acting as Ai rborne Mission Scientist, I per-
sonally used radar (mainly Quadra and N O A A C-130) 
and eyeballs entirely to set my pat terns. O n each of the 
occasions that we had a good lively convective day, my 
Mission Scientist radioed f rom G O C C that his satellite 
imagery told h im that we were boxing a round no th ing 
(!), while I was seeing a beau t i fu l l ine of bu i ld ing cb's 
f rom my aircraft . In each case, when the Quadra r adar 
facsimile became available to him, he repor ted back that 
we were indeed flying in exactly the r ight place! 

7. Scientific highlights and puzzles 

T h e G A T E data will surely provide a gold mine for 
the study of an atypical tropical region, which has re-
ceived very lit t le previous investigation. Ingenious in-
vestigations with these data may shed light on processes 
in other par ts of the tropics, in par t by revealing and 
expla in ing differences, as in a na ture-per formed experi-
ment . However, great caution must be used in extrapo-
la t ing G A T E results to any other par t of the tropics. 

My p re -GATE content ion that the G A T E area is al-
most a " f reak" region of the tropics is stronger than 
ever as a result of my par t ic ipat ion. T h e G A T E region 
differs f rom the central and western At lant ic and Pacific 
tropics in the fol lowing main ways: 

A. In tense la t i tudinal gradients in bo th ocean and at-
mosphere, with a strong oceanic tempera ture decrease 
poleward and a very large increase in a tmospheric static 
stability, part icularly f rom about 850-400 mb. 

B. T h e ab rup t transi t ion f rom cont inenta l Africa to 
ocean, resul t ing in systems in transit ion, many dying 
out and others rapidly changing their structure and 
dynamics. 

C. T h e impact of African disturbances (on the syn-
optic scale: Dakar waves and vortices. O n the mesoscale: 
squall lines) and African dust, which will prove to be a 
much greater factor than most everyone expected. 

D. T h e a b r u p t vertical transit ion between lower mon-
soon and overlying drier cont inenta l air. 

E. Much greater static stability than "mean tropical" 
in mid-troposphere. 

F. Predominance of layer-type clouds, irregular cumu-
lus bases, " incoheren t" cumuli with poor bottoms, which 
die f rom the bo t tom upward . 

G. Unexpectedly strong ocean currents and associated 
sea t empera tu re gradients. 

8. Probable impact of the GATE area meteorological 
oddities upon analysis objectives 
Firstly, I suspect that the CISK concept will be found 

inappl icable in the G A T E area, part icular ly with re-
gard to "Dakar waves" af ter they leave the cont inent . 
O u r dropwindsonde results suggest that the inflow and 
"act ion" in these dis turbances were in the mid-tropo-
sphere and that the lower layers (often mistakenly called 
the "boundary layer") were apparent ly inert . T h e CISK 
concept may prove more viable in the I T C Z region of 
the B-array. Findings f rom this array, however, will no t 
tell us much about disturbances and their development , 
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but only about the ext reme eastern tail of the I T C Z — 
possibly appl icable to the corresponding zone in the 
Eastern Pacific. I am not at all confident that this circu-
lation fea ture plays any key role in global dynamics, al-
though I shall be happy to be proved wrong on this 
point . 

I would also be highly suspicious of generalizing to 
the global tropics any parameter izat ion schemes which 
may be developed and tested in the G A T E area. I 
suspect that there may be as many as 4 -5 types of tropi-
cal regions which must be differently t reated: e.g., At-
lantic (eastern and western); Pacific (eastern and west-
ern); and continents . Convection operates differently a n d 
so do dis turbances between these regions, and hence it 
is hard to imagine that any one simple parameter izat ion 
scheme will catch the essential energy transactions and 
large-scale impacts of all of them, a l though it may 
eventually be possible to isolate those features that cause 
the differences and feed these into models via a hierarchy 
of parameter izat ion schemes. 

Finally, 1 believe that cumulus modelers may be in 
for rough going in their a t tempts to simulate the G A T E 
cumuli . T h e cumuli in the G A T E area were more transi-
ent than those in Florida or the Car ibbean, had poor, 
uneven and variable bottoms, and f requent ly cumulus 
bases existed at four or more levels. " H o t towers" 
or iginat ing at the a l tocumulus level were not uncom-
mon! It would appear that "ent i ty" models may be use-
less as may be any isolated cloud model, of the one, two 
or three dimensional variety. At the present t ime I be-
lieve that the most promising model avenues for the 
G A T E cumuli be in either 1) the field of mot ion multi-
cloud model of the type developed by Hil l (1974), or 2) 
adapta t ions of Pielke-type (1974) mesoscale models intro-
ducing phase changes and key cloud processes, perhaps 
highly parameterized. 

9. Support and management 
A. Forecasts: T h e forecasts for convection in the B-

array made in Phase 3 were the best job of tropical 
forecasting (omit t ing severe disturbances) tha t I have 
ever had the pleasure to observe. I still cannot decide 
whether remarkable new skills and tools were re-
sponsible, whether the G A T E area may be not qui te 
as difficult to forecast as the Car ibbean a n d / o r Florida, 
or what role luck may have played, if any. In any case, 
the forecasts were both terrific and well communicated . 

B. G O C C Opera t ions and Traffic Control : A good 
job was done. Many scientists felt f rom time-to-time that 
the rulebook was too rigidly appl ied. My view is tha t 
with so many aircraft not used to working together and 
in the midst of ship balloons, as much flexibility was 
usually allowed as common sense dictated. 

C. Aircraf t Crews and Main tenance : Excellent. 
D. Management : Excellent. A difficult job well han-

dled. Somehow I did not get the impression as I have 
in smaller examples of "big science" that politics was 
domina t ing nor that there were too many cooks in the 
kitchen. If all "big science" went like the field phase of 
G A T E , most of us would find our reservations about it 

greatly allayed. T h e final test will lie in the follow-up 
and availability of G A T E data, discussed in Section 10. 

E. Services: Suppor t ing services were sometimes less 
than adequate . Demands for t ranspor ta t ion, clerical sup-
port , and technical assistance of ten overtaxed the avail-
able resources. I believe that p l ann ing for f u t u r e field 
programs should place greater weight on these essential 
suppor t funct ions. 
10. Conclusion, outlook and major concern 

O n the whole, the plusses in G A T E exceeded the 
minuses by an order of magni tude . Virtually everything 
was done either well, or the best it could be under the 
circumstances. Dozens of groups dedicated themselves 
unselfishlessly to the achievement of the G A T E goals. 
These goals were, in fact, more than achieved in the 
field phase. 

W h e t h e r or not the G A T E program really achieves its 
goals and contr ibutes its potent ia l to meteorology now 
depends u p o n the data analysis, which will require large 
fund ing , cooperat ion and dedication, over at least the 
next five years. 

Unfor tuna te ly , my experience has been that where 
most field exper iments fail is in their follow-up, namely 
analysis and publ icat ion. T h e faul t in the past has lain 
with bo th management , who finds other pressures on 
funds, and scientists, who find more glamour in r u n n i n g 
out to the field again, than in gluing their bot toms to 
a desk chair to carry through the pa in fu l and laborious 
scrutiny, corrections, analysis, reanalysis of data. 

In G A T E I have still ano ther concern. How are 
younger, less known, less wel l - funded meteorologists 
going to obtain access to the data? Satellite and radar 
imagery is costly to copy, as are cloud pictures. 

How is dis t r ibut ion going to be provided? H o w is a 
balance going to be ma in ta ined between giving some 
data rights to those whose ingenuity, dedication, and 
suffering ob ta ined par t icular par ts of the data and ac-
cessibility to the general meteorological publ ic who paid 
for them in many ways? How is the problem of prema-
ture publ icat ion of half-baked papers generalizing f rom 
f ragments of the data to be avoided? 

In my opinion, the last quest ion is less impor t an t than 
the first—the main task is for management to f u n d the 
data dis t r ibut ion and analysis and for par t ic ipants and 
non-par t ic ipants alike to get to work on them. I do no t 
believe that anyone or any group should "own" any data 
and that any G A T E data must be suppl ied to anyone 
on request, requi r ing at most the cost of dupl icat ion. 
Clearly an honor system must be tried to deal with the 
possibility of some persons r u n n i n g in to p r in t with 
someone else's data. Alternatively, a review board may 
have to be established for all publ icat ions based on 
G A T E data. 

A special effort should be made to disseminate the 
G A T E data th roughout the university communi ty and 
not to confine most of the analysis to government labora-
tories or to a few well-funded university groups. My 
experience has been that p roper field program analysis 
requires 5-10 times the financial expendi tures as the 
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actual opera t ion and 25-50 times the t ime expended. 
T h e expend i tu re in money cannot be reduced much, 
but can be minimized, and the benefits for the fu tu re 
maximized as more students become involved per senior 
employee. T h e actual t ime dura t ion of the analysis can 
be greatly reduced by wide dissemination of da ta so that 
very many people will be motivated to work on them. 

Finally, I believe the G A T E data, if followed u p and 
analyzed properly, should advance tropical meteorology 
by a q u a n t u m jump , despite the "oddi ty" of the region 

studied. If tropical meteorology is advanced by a 
q u a n t u m jump, global meteorology should move for-
ward by a significant amount . 
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