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HéSTQQQI:’Based on time series measurements of temperature and surface
metecrological parameters tahker at a stationary location (190N:E708) 1n
the norbtheastern Avablar Sea during a weak spell of 1986 worisceon from 29
th August to Sth September 1986, the changes in the heat content of the
different layers upto S00m depth are examined. Under the envirommental
conditions in which the surface winds are in general less than 10 w/sec
and cloud amounts are around 9 octas, the bheal content variatiorns in the
upper 100w layer are found one order higher than those in the mixwed
lLayer (O-50wm). The net surface heat exchange 1s mainly controlled by
evaporation rates which are further related to wind fFluctuwatianz., On an
average, the net surface heating is alwost acceunted for the general
increase in the heat content (0.12 Keal/cm2/day) of mixed layer below
which the heat content changes are effected by the ozcillations ofF
thernocline. A net decrease in the heat content of the upper BO00m and a
net increase  of the upper 100 m water columms indicate the dowminance of
upwelling and  sinking processes below and above thermocline
respectively.
INTRODUCTION .
Though the onset and existence of the Indian susaer manzoon

are wainly due to the land sea different:ial heating eifect, L
gnergetics af the wmonsoon system ave also dependant on the alr—aoa
interactive processes modifying the a&air mass durivig its  travel acvoss
the Indian Ocearn In the past many attewmpts have been made to urncersiorag
the complex intewdction over the Arabian Beasa where anomeluss suwomer
canling in the water body occurs (Sastry and Ramesh RBRabu, 1965). T hes
sy cooling influences the fluxes of energy exchange atfter the onsset
of movisoon as poinbted out by Daha(lS70), Subsegquently ;
and Ramesh Babu & Sastry (1984) have studgied the sdomer Py dwpesot
on difrerent time and space scales using the data sets of Moh iid--77
MONEX~79 programm@s. PMeostly these studies cover the condit:onsz
priov to and after the onset of monsooen 1n relation to $O0me  =y00000
disturbances. The obsevved coeling has been attributed to WETLOWS
Procesues like heat. exchange at the a2i1r—-sea interface, adveclion, Wi
iaxing and upwelling differently dominating i1n certain  vegilons 0oF  the
Arabian Sea. The energy input te the atwospherve From the ccean during
disturbed weather conditvions 1s almost doubled 1n contrast to that Tound
during normal phase of the mwonsoon (Rao et al 1985). However, the therial
recponse of the upper ocean during either the relaxation periaed or the
fag end of the monsoan season i3 hot well uanderstood as the esriier
data sets are wmore or less confined to the onset and active phases of
the monsoon. In this gaper we have examined the wvariability of the neat
content in the upper S00 m of the northeastera Arablan Sea in 7elation
to  air-sea surface edchange and ocean i1nterior processes durion & weak
spell of 1986 monsoon.
DATA FAND METHODS

. ORY SOGARAKANYA had cccuplead a statiunary position at 130N and
&7VE  in the novtheastern Acabian Sga (Fig.l1lifor a periocd of atout one
weaik ( 29 August to 5 September 1986) to collect time series data on




tewmperature profiles using an Expendable Bathytherwograph (XBT) (make:d
SippicaniAccuracy 3§ +0.200). The surface metearological and XBT data
ware collected at 3 hourly interval.The daily averages of temperature
are only wsed in the present study in ordev to mmooth out the effect of
internal waves frowm the original data series.

-

R The following equations are used to compute the heat fluxes at
the airv-sea interface:
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Az the direct meaurements on ivsolation were not made on
baard the ship, the sama are obtained frowm the Smithsonian
metearological tables and corrected for albedo and cloud effects
accarding to Stevensan{lS82), to get the available insolation (Ga) at
the sea asurface. Effective back radiation(@b) 1s computed Ffollowing
Reed (1976). The  latent (Reland sensible heat (Gs) fluxes are estimated
from the bulk aevodynamic formulae and the transfer coefficients Ce & Ch
are taken from Kondo(l19785). The rest of the symbaels in the above
equations have their usual wmeanings. The heat content (H) is estimated as

follows: - { _ -@D
o}

far different layers?! O0-50:10-10030-300 and O0-500m assumingftfongtant
(0.977 cal/cwm3/deg C) as suggested by Bathen (1971},

RECSUL.TS AND DISCULSSION

During the period of present study a weak asoenscon spell was
prevalent as reflected fFrom the large scale scanty nature of the
rainfall distvribution over India for the week ending ovn T September
1986(Fig.1). The wind speed varied between 4.7 and 9.6 a/sec whereas the
cloudiness  was avound § octas during observational time.Figs. 2a-c.show
the daily march of the various components of the healt budget and surface
weteorological parameters. In general, there is an increasing trend i1n
vapour pressure and tewmperature gradients (Fig.Zal)l. Winds are steady
upto 2 September and thereafter a sudden increase is noticed nearly
doubling in their intensity (Fig.2b). The increase in the wind field is
due to the presence of cyclonic civeulation in the vicinity of the study
area according to the waekly weather report of IMD. One could wnatice
from Fig.2c that the net vadiation(R) is more or less steady duding the
entive perioad of study while the combined latent and sensible heat
flux (Qe+ls) increases suddenly from 2 Geptember in a similar way like
wind speed. The values of R and GRe+tlBs are around 340 and 160
cal/cm2/day respectively t1ill 2 September showing a net heat gain at
the sea surface . However a net heat loss from the ocean 13 seen on 4
September. On an average RN is positive (121 cal/emZ/  day) for tne
eritire obsarvational period indicating a net heat gain to the ocean frowm
the atwmosphere.




In order to understand the influence of the net surface heat
gain in upper 0~300 m water column, the heat content variability for
different layers is examined. Fig.3 shows a slight increase in the heat
content in upper 50 m and further increase in the heat content is
pronounced in 0-100 w layer. A general decreasing trend is seen in the
heat content of O-3500m layer whereas the heat content of 0-300 @ layer
is nearly steady. The average rate of heat content increase in the upper
S50m layer is found to be 120 cal/cwd/day which coincides well with the
mean value of net heat gain at the surface. This suggests that the wmixed
layer warming during a weak spell of {the sunnmer monsocon is  fully
accounted due to net surface heat exchange which is mainly controlled by
evaporation. In the upper 1{00m, there is an average increase at a rate
of 885 cal/cm2/day in the heat content — maximum found in the entire
water coluwn. The mixed layer is slightly deep during later part of the
cbservational period as compared to that during earlier part indicating
the effect of wind revival (Fig.4}. In addition to this momentarily wind
forcing the negative wind stress curl which is a charactersatic of this
region helps in the development of wmixed layer due to dowviward Slkaan
punping. The average rate of heat content variation 1s  avound 150
cal/cwm2/day in the O0-300m water colusn suggesting the diminisbing
influence of sinking process with depth. The dominance of upwelling
process below 300 wm depth is clearly seen fFrowm the net rate of decrease
in the heat content of O~500m water column which 18 on an average found
to be~$3 cal/cmi/day . These two opposing processas above and balow
thermocline result in the development of stroviger vertical thermal
gradients around 100 m with time .During the observalionxl period, Lhe
thermocling gradient increases from O.11 ©o  0.13 OC/m. Rao {1936) has
apserved a similar decrease in the headat content in the topmost 1006 and
200 wm  layers of ' the eastern Aradblan Sea during 1277 wonsocon  season.
However the presedt -study indicates upwelling betweenn 300 and 500 m
T establishing that this is typical seasaonal phenowenon.
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FIG'-I RAINFALL DEPARTURE OVER INDIA FOR THE WEEK ENDING 3 SEPTEMBER 1986
( WEEKLY WEATHER REPORT IMD)
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FIG.-2 DAILY VARIATION OF
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FIG. 3 VARIATION OF DAILY AVERAGE HEAT CONTENT IN DIFFERENT LAYERS
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FIG. 4 DAILY EVOLUTION OF AVERAGE THERMAL STRUCTURE AT l9.N &67.'8



