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| ABSTRACT

‘ i

Utilieing &1l the available bat@ik‘ermo@aph data,
mean bathythermogrems for the months of May, June end July
for each 5° square in the zonal belt of 10 end 15°%%
betwsen Africa and India have been constructed. The basio
features are ¢ {1} The sea surface temperaturea (837s)
are high during Hay «~ June whiles a lowaring of. 88? 1s - ;
obasrved in the month of July which ranges from 1 % to as -
much as 4.5°0, (2) 1In the area weet of 60°E, the eurfece
layer {g more or less uniform during the entire period.
Bast af 60°B, the surface layer shows a phenomenal
increase in its thickness in the month of July, und (3)
The heat content of the eurfsce layer shows a similar
varistion, ‘

After reviewing varicav «.ce. Lo Soshews o
the Arablan Sesa, the vsriations of the above fzatures are
discussed in relation to Somali upwelling, wind mixing etc,

1. Introduction

An examination of the sea surface temparature charts (Ja Violett
end Mggon, 1967; Miller and Jerferier, 1967; Wyrtii, 1971 eic.) sugge-
ste & lowering of ses surface tempemsture {SST) in the Aradbian Sea
with the advence of thke northern sumser, in contrast to the other
regions similarly situated im the world oceans where the 5573 tend to
inoresse, Tha 5ST 1s noarly 30°C during May sad Juna ovar the Arabian
Sea bdbut by July it d¥opa coneiderably.
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Recent etudiee (Seha, 1970, 1974 snd Shukia, 1975) suggest that

the colder SSTa off Somweli coast and in the western Arabian -See. may. .
cause & reduction in the rainfall over Indi& anr’ the neigﬂbourhoogt., :
This 1s to be expected since the 897 forma one of the bottom boundary
condifions to the planetary boundary layar and vh water vapour fluxes,,
pmonget other thingse, R*renﬂ upon tha mePGFQ‘Op*“"’ ‘pwmd onebnoerinhic
parametors at the interfece. The present inveetigation is an attempt
to etudy the possible oceanocgraphio factors with-in the uppsr layers
of the Arabian Sea responsible for the lowering of tre O97Ta.

2, Data and Analysis

A11 the aveiledle bathythermograph data for the months of Mry,
June and July in the zonal belt of 10-15°N between Africa and Indie
have besn pooled into 5° aquares and the mesn vorticsl'bathythermo-
grams have been constructed for each grid and are shown in the figure.
¥herever the datm are meagre, temporsture data from the hydrocasts have
been utilined, From theee profiles, the thickneas of the mean surfsce
layer, and the mean thickness of the thermocline have been read
{Table 1). '

TABLE 1
oria . 50°-55°% 55%-60°8 60°-65°B

Property May June July May June Suly May June July
Surtace 28.7 28.9 26.3 - 29.5 29.4 24.8 30.3 30.9 27.6
Temp., € ‘ a o
Depth of 159C 222 242 182 220 215 - 218 2107 244
Thickness of g , o | ‘
eurr?c§ layer 20 22 25 36 40 48 %0 30 - 100 -

= L
Thicknees of ,
thermocline - 202 220 157 184 175 - - 188 180 144

(m)
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"7 TABLE 1) (continued)‘

R R
Pr°p°rt3%““ﬂ-' May - Jume  July - Hay1 June July, o
2:”‘?' teay. 30,0 29,7 27.9. 30.8 . 29,2 . 28,1

. , _ ) ‘ I
Depth of 15°C . 550 - 216 . 236 _204 198 186 i

- Isothern (m) o RS
Thickness of R I _ ) _
surface layer. 34 44 86 33 49 ' 50
(m) o
Thicknoos ot , S
thermcolins 186 172 ° 150 CATL T 149 136

r

{m)

‘The heat content 6f the water column. in the aurtace layer and
the upper 100 m column has besn computed and these values ‘are tabulatod

- TABLE

>

HEAT COHTRENT IN THE UPPEH 100 m. (K. Cal;

> -

Month 50°-55°8  55°-60°E - 60%-65°8  65°-70°8 - 70%-75%
¥3.1.100 @ 3,L.100 m 8.L. 100 o S.L. 160 » S.L, 100 m
-eol. col. y ceel col. col.
May 62 o5 T 16y 2 So o Te et oeidanIo.onmT
June 63 251 116 269 92 269 129 275 145 270 7

July 65 230 113 235 . 276 276 - 239 275 139 283

+ “Surface layer. thickness.

PR PR
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3. Resulte

In grid 1, the 9878 during May and June are sbout 28.8°C while
in July it 18 about 26.3°C and -the slopes of these bathythermograma
remsin nearly thé aame during the three months, Thus, in lhe depth
range of 0-250 m, the July temperatures at any depth are lower, by -
about 2°0 than those at the correaponding depths during Msy and June.
The mesn bathythermograms for May and June in Grid 2 are similar-
to those of the earlier grid, The S3T during these two monthe is
wbout 29.4°C. However, in July, the SST drops to about 24,89C.

The July bathytbermogram, bowever, shows & decreass in the vertical
temperature gradients. . 'l S

In grid 3, ihe May - June S5Te range vetween 30° and 319.-
and the July SS7T is around 27.6%C. The July bathythermogram undergoes
8 phencmenel change with the development of en isothermal layer: (80m)
and steep temperature gradienis are observed dbelow thie layer while
the temperatures tend to decrease gradually Irom the aurfééo‘during'
May - June, Below 60 m the July temperaturee at sny depth are higher
by 3-4°c than the corresponding values during May and June,

A similar pattern et the sem Burface is obaserved in krid 4,
Howsver, below the 'Eﬁiféée layer, ‘large differencea in. temperatursa
are not seen. In grid 5, the bathythgrmograma indsicate a gradual
lowering of 35T during the entire period., The bathythermogram tqr"
the wonth of ¥ay upto a depth of mbout 200 m, inilcates relatively
higher temperatures compared to those during Jume and July.,

The thickness ¢f the surface layer (defined as-the layer at
the bottom ot which the temperature {e less by 1°C at the sea sur-
face) varies between 20-3C m in May over the entire region. while -

it remeins nearly the same in gri¢ 1 during ihe period, it increeses - . -

difforentially in other zones with the advence of ‘he seamon. It
shows a s8light increage in grid 2. In the central regions, the
thickness of surfacé layer increnses to maximum values and . further
east 1t tends to‘decreaoe.

The heat content of ‘the water column (TabLe 2 ) shows a net)
loss of heat in the weatern grids whilé 1t remains same in the
central regicns in the upper 100 m., However, in ‘the eastern grid,
the heat conten{ tends to decreass. In the upper 100 m, the variation
in the heat content during May and June are negligible.
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) Thuse, durlng the period H5y~July, the SSTe shew & conaiderable
decreade’ uith tha advance 34 the @eason and  the ‘lowering i8 not
uniforn over the region and 13 accompanied by change 1n the: th&ckness

of the enrraco layor.v L R R

IR

4, Diacusaiouf'u\ ‘&A,@;; ‘

BEAIE SR

Surfaca cooling may rosult dne to the varioue proceaaee : :
(1) evaporative cooling. (2) deepaning of mixed layer, (3) epreaddug o
of cold waters from = some other regione and (4) convergences and
divorgencca ‘that may devalop due to ﬂind 1nduced circulation. S e

All the’ above processes geem 10 operaie in ‘some’ way or the other -
in the Arabian Sea. During the ecuthwest: minscon aoueon aouthwest -
vinda. occacionally excaeding 30 Kte, blow over ‘the regiona off .

Somali and Lrabia. Further eaetwards, ‘the strength of .the wind )
docreasca, The Somali current prevailing’ “during this seagon’ turns. Ceen
enutwarﬂs betwoen 7% and 9°R and associated with thia Antense - - -
upwolling (Suallow and Bruce, 1966 Bruce; 1970 and Warren et al,. -t
1966 ) brings cnid subsurfece water to surface’ which: ‘gpreads over’
extensive areas ‘off the Somali coast, : Further, the - annval evapora- Sl
tion is coneddarable {150 cm ) over *he ‘antire araa (Venkateeuaran.
1956). The*bisﬂc features of the noar surface circul ation during the'.
southwest ‘monsoon seapon is the tormation af - eevarul oyclonac end -
anticyclonic vorticee in the entire zonal belt (Bruce, 196€&,. Tuing,;"
1970 und Sastry and D'Squzu, 1970 and 11971 a): Aessociated with: thaao”*
gyres wiich may chapge in-intensity and location within ‘the’ saaeon.

the vertical motions (both upwollinr agd s1nking) develop.. In addition,
complex 1nterm1ngling of goveral water mage¢s is known to take place,

In the eaetern Arahian Sea, eaet of about 60 ‘B, the maximum temperaturo
gradiente develop around 5°K and the vertical sxchange of propertiss
are aomovbat enhanoed on either aide of 5N (baatr: and D'Souza, 19?0,
1971 b) Thaaa are in brief the proceeaea thet govern the. dynamics of
the upper layers of the Arahiun aea.' -

" Thus, any explanation of the thermel structure necegsaarily
dapende upon tbe ‘above proceaeea.* With the limited data &t hend, .it
ie’ ditficnlt to assoss the individual contributions of the above
proceasea

i A plot or bha ?5 C 1sothermal aurface (Saetry and D'Souza.’ -
1971 b),: axtonding in a nearly eouthwest-northeaet directlon off. tne E
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Somell coaot 1n an extensive ares, 1ndicate5 that the cold upwellod .
wvater spreads over : large areas, lowering tha SSTa considerably. 3174;;;;f
tense upwelling off the Arabian coast and further epraading of thia 3: }:
upvelled water may alsc affect the reglon. One wou 14 expect 1n euch :

& oase the lowest S8Ts close to the upwelling region., However: the
paxizun loworing of SST 18 fcund in grid 2 indicating that the apread—
ing of upwelled water may not ‘be the only ptocoes. T In grid 1, the
thicknoaa of the aurface laver during the threo months 18 Blmost the
same, oven thoughthe winds are quite etrong in the rasion.' Wind nixing
does not seem to extend to desper waters. When' upvelling Bets’ 10, the -
water coluan remains siadble and vertical mixing ie inhibited, Thna.

the shallow nature of the surface layer as well na the lovoring of thar
387s is clearly dus to the intense upwelling und the atabl- charaeter .
of the water column. In grid 2, the lowest 337 vere obaorvad and the
maximum lovering of $S7 ocours botween June and July., The murface
layer thickness inoresses . conaiderably. This zone is partly 1ocated :'f
in the grest clockwise gyre that. devalopc during the southwest -oaanco 
seseon., .The tomperaturs at the surface (Sastry and D'Sousn, ‘1970) x‘
shows. a tongue of cold wvater ‘having lese than 24°c betveen 55~60°B in
the region. . Pnrther. their studien show a oyclonic circnlation 1n'
this region -(Sastry and D'Sousza, 1971 e). It 1s poastble tha t aurfacc'_
divergence may result, bringing in the cold.subsurface wator to tho ”;
surface. - Thu, upto about 120 m, the July temperatures. are prodoni- ‘l;
nantly lovar. than the corresponding valuee rar the nontho of N-y and )
June, Purther, this process seeme to set in by about, Juno, firat in 'n
the subaurface layera, o

Purther eaatuurd (Grida } and 4) the July tonperaturea ‘show én -
ilotharnal layor. The July tenparafurea below the surrace layer ara
5-4°C highar than. the May-auna valuen at correeponding doptha in grid
3 while in grid 4, the dirterencer betuoen Hay-June and July tenge:a~*°
ture is about 1,0-1. ‘°G reanart1ma?v Tt i falt thet 45 theeo regiona,
the effect of direct wind mixing and the indirect effect of uind—induced
ciroulation are probable causes. The effect of wind As two fcld :
(1) to develop & -nearly homogeneousn:. surface . laysr and (2) to develop a.
wind tnduced circulstion,. . The data in grid 3. Bugges?. that the direct
wind mixing ie limited to about 80 m. In that depth range, tnu Mag~
June temperatures decreass from 31.0°C at the.surface to about 25, 0%
at about” ‘80 m, A complete nixiig of ‘thie-water column could: iresult
in an isotherzal layer of about 27.5%:aa. observed in: the Tigure,. ;i
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Lseociatod with ‘the uind 1nduced c.xrul tiun atrong oonvergnnces may .
develop at this rekion thsreby pushing down the aufnr column to 20¢
deep. . Thua the large~d1fferences in temperature ‘at correspondiny
depths during Fay~uune and JulyJappear ‘partly due to wind mixing und
- pértly:due . to crnvergpnca.{ In grid 4, the structure of the medn
bathythermoprams indicateelaimilar featuﬂ-~‘ houuver, the vertical
circulntion does not ae»m tu nxtenﬁ to grea,er quths.

Adjoininp the weat coaet of India, the #inds are relatively
weak,. and the thickneaa 34 surface 1ay er ‘showe 2 tandency tc increase L
from Hay—duly. The Nny temperatureu are everyuhere greater than the’
June~July’ temperatures, Several inveatigantors printed cutl that ad-
joining the sbﬁfhweét“cdast;df.Zhﬂia”ﬁpyellihg takes place during the
asouthwest monsnon. Begson (Banée, 1959 and 1968+ larbyahire, 1367, i
Sharna, 1968; _Sastry and ‘D'Souza 1971 b), Even though thurb are ‘pome |
differancee of opinion ag regarda the actual processee taking place o
bers, it” aesma to" be faxrlv well eGuaulished that upwelling does take
place. In addition, the cloud cover durinp the aonths of June and unly~
cuts off the incident uolar T&dlnllon‘ FPurther, ccrnsiderable land .
drainage nay also aid’ in the 10W8rinp of the 3uTs here.

I

_The variation in heat content presented in Table 1I appears

to be in coneonence uith the thermul a*rxcture.
;h:' I R
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