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ABSTRACT. International Satellite Cloud Climatology Projef3CCP) monthly data of cloud parameters for the
monsoon season (June-September) for the periodd®&4e used to examine the relationship betweep denvection
and sea surface temperature (SST) over the natthrirocean (825° N, 50 E-100 E). During the monsoon season, at
SSTs above ~25°ZC, the high clouds amount (HCA) increases systieaibt with SST. At the SST threshold (S®)T
of 27.6 C when the probability of occurrence of deep cativea becomes 50%, the increase of HCA with SST is
rapid. However, at very warm SSTs (SSTs above@9 the HCA decreases significantly with increas&ST. The
HCA-SST relationship over north Indian ocean hasificant spatial variation. Over Bay of Bengal,tag SSTs are
always high, the overlying circulation has the tgeamportance than SSTs it self in controlling thevelopment and
variation of deep convection. Over north Arabiaa, ggersistent upper air subsidence motion supekselopment of
deep convection. In south Arabian sea, the deepention is influenced by both SSTs and overlyingdation. The
SSTr for the north Indian ocean found to be, in effecfual to that for the southeast Arabian sea. rigut®84-90, the
SSTh shows significant interannual (2.2) variation. Among the monsoon seasons of tei®og, the highest SSiT of
28.8 C was observed during 1987.

Key words — Interannual variability, SST threshold, Deep cartiom, North Indian ocean.

1. Introduction There are many studies, which examined the
relationship between SST and tropical deep conwecti
Cloudiness is one of the important parameters, whic (Bjerkness 1966, Webster 1972, Lindzen and Nigam
not only expresses local weather conditions bub als 1987, Neelin & Held 1987, Zhang 1993, Rajeevan 2001
indicates local circulation features. During the nsmon One of the important findings of such studies iat tthe
season, large-scale deep convective cloud systems f frequency of occurrence of tropical convection @ages
over the warm oceans surrounding the Indian region,dramatically at a SST threshold value of abouiC27
which subsequently propagate on to the heated faadh 28°C. The threshold SST value represents the approgima
and produce abundant rainfall. Thus, the cloudireass large-scale surface temperature required to provide
precipitation over the land are linked to the cioeds necessary moist static energy to the near surfage lin
over the ocean. The formation of deep convectieer o  order for saturated air parcels to ascent into high
the ocean on the other hand depends on the sesceurf troposphere and for deep convection to occur. @adg
temperature (SST). et al. (1984) found that over the north Indian oceanrdur

(595)



596 MAUSANB4, 3 (July 2003)
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Figs. 1(a&b). Spatial distribution of mean monthly (a) HCA a(lg) SST averaged
over the monsoon season (June-September) for tiedpE984-90. In
(a) contour interval is 10% and grid boxes overalthinonthly HCA
values are=20% in all the occasionsz(50% occasions) of the data
period are shaded dark (light). In (b) contour rveis °C and grid
boxes over which monthly SST values ar27.6 C in all the occasions
(= 50% occasions) of the data period are shaded(tigink)

the monsoon season, this SST threshold value & Z1. 2. Dataand methodology
Lau et al. (1997) and Bonyet al (1997) have observed
that the large-scale atmosphegaculation has strong
influence on the relationship between SST and ¢tadpi The measurements of cloud parameters utilized in
deep convection. They observed that in the SSTerafig  this study are taken from ISCCP C-2 data set, which
27°-28° C, the rate of increase of tropical deep convectio provides the monthly averages of cloud cover patarse
with SST under the conditions of strong ascendingion at a spatial grid of 2%5x 2.5°, latitude x longitude
is 2-3 times more than that under conditions of kvea (Rossow and Shiffer 1991). These data are based on
large-scale circulation. observations by the global network of geostationary
weather satellites and atleast one polar orbiti@AN
The main objective of this study is to analyse the satellite. Over Indian region, the ISCCP C-2 claiata
relationship between deep convection and SST omg¢hn are based on observations by GMS, METEOSAT and
Indian ocean during the monsoon season usingNOAA satellites. The data set however does notuifel
International Satellite Cloud Climatology Projet$CCP) the data from the INSAT, which is a limitation ohet
monthly cloud data and find out the interannualalzility completeness of the data set. In this study, médour
in the SST threshold values. This aspect was rrn@ed cloud parametersiiz., cloud amount, cloud optical depth,
in any of the earlier studies. In examining largals cloud top pressure and cloud albedo are used. SGEP
cloud systems, satellite observations of cloudsehdne  clouds are broadly divided into three types. Hidbuds
advantage of larger spatial view and reduced errors(Cirrus, Cirrostratus/Cirrocumulus and Convectil@uds)
resulting from subjective cloud identifications and have cloud tops above the 440 hPa level. Middleiddo
sampling variability. However, surface observatiare (Nimbostratus and Altocumulus/Altostratus) haveudo
available for a longer time period and provide tbot up’ tops located between pressure levels of 440 hPa and
view that is complementary to the satellite ‘topwidd 680 hPa. Low clouds (Stratus and Cumulus/
view. Stratocumulus) have cloud tops below 680 hPa level.
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Pai and Rajeevan (1998) has shown that over Indian HCA Vs SST - JJAS (1984-90)
ocean region during the monsoon season, the ISGEP C

100 T &

high cloud amount (HCA) can be used as a proxyléap -
convection. They found that the HCA and outgoingglo < o-g 1 | .
wave radiation (OLR), which is a well known proxyr f 2 &0 '
deep convection have a reciprocal relationshipthatithe £ ¢ =
HCA of 20% approximately represents OLR of ~240 % _ |/ vz
Wm? Therefore, high clouds over grid boxes with 5 i 2
monthly HCA > 20% are assumed to be mainly of the £ s
deep convective type. E 0 ) B
c i {20 =
The other data set used in this study is the Nation = , ] =
Centre for Environmental Prediction (NCEP) SST d&ta ~ # 3 10
(Reynolds 1988). The SST data set is derived biyditg S8Try, = 27.6°C 1,
separately analyseth situ (ship & buoy) and satellite 0 URUNRURRRINT 3, N 0
measurements of SST (Reynolds 1988). The analysted d = an 3z
provides monthly mean SST on &x22° spatial grid with Sea Surface Temperature (C)
a reported accuracy of T. For the purpose of this study, Fig.2.  Variation of mean monthly high cloud amount (HCIa)
the SST values are interpolated to overlap intd 2.2.5 0.4 C Sea Surface Temperature (SST) bins as funcfion o
grids of ISCCP data. The cloud and SST data usélisn SST for the north Indian Ocean for the monsoon cseas
study are taken from the GEDEX CD-ROM obtained from (June- September) for the period 1984-90. Verbieas are
. standard deviations of the means. The solid cuovmects
the Langley Research Center, NASA, USA. The spatial the means. The dashed curve connects the prolgailit
domain selected for this extends from equator to 125 occurrence of grid points with HCA af 20% expressed in
latitude and 50 E to 100 E longitude with grid spacing percentage of each 0.€ SST bins. SSi is the threshold

value of SST for the occurrence of deep convectiah is

of 2.5° x 2.5°. After removing the grid points over the defined in the text

land areas of the domain, each month providesatst29
grid points making a potential total of 3612 poirfits
analysis. Both the data sets are used for the @moons ) )
season (June to September) for the period 1984-90. Bengal. The area of maximum mean HCA approximately
corresponds to the centre of the climatologicalaugpvel
To allow for non-linearity in the relationships, a divergent outflow (Krishnamurtiet al, 1989). Over
binning method is used to examine the relationshipArabian Sea, west of 8%, the mean HCA values are less

between cloud parameters and SST. In this methednm than 20% except in the regions close to equatogrevh

and standard deviations of each of the cloud paeme HCA values are 20-30%. Over the region close to the

(0.4° C) of SST. The standard deviation of a variable ~10%: The low values of HCA over the north Arabi@aS
respect of a given SST range represents the \ariati ~ a'€ due to the persistent large-scale subsidendémo
the values of the variable within that SST randecurve ~ associated with the climatological upper air artiope
passing through the mean values of a cloud vari@hig over the region. The. anticyclonic flow :;_1Iso brindsy
high cloud amount) plotted against the centre \@log  Warm continental air over the Arabian Sea. The

respective SST ranges represents the averageonslaip confluence of the continental air with the relatyveool
between the cloud variable and SST. moist air of oceanic origin results in the thernmadersion

in the lower level over Arabian Sea (Sen and D&&6)19
Sen and Das (1986) has reported the presence délalv
inversion over the Arabian Sea even during the
3.1. Climatology of HCA & SST established phase of the southwest monsoon.

3. Resultsand discussion

Figs. 1 (a&b) shows the climatology of HCA and In Fig. 1(b), the maximum mean SSTs (529 are
SST distribution over the Indian monsoon regiontfee ~ Seen over eastern most part and small area ardefné 6
monsoon season (June-September) obtained by awgragi of equatorial North Indian Ocean. In the Bay of Bain
the grid point monthly data for the period 1984-90. the mean SSTs are betweerf ZBand 29 C. Westwards
In Fig. 1(a), it is seen that in the oceanic ragiover from the SST maximum over the Northwest Indian @cea
the entire Bay of Bengal and over belt of abcubf the the mean SSTs reduce to less thart Z5 over the
west coast of the Indian main land, the mean HCllesa ~ upwelling region off the African and Arabian coastn
are 240% with maxim %¥60%) over northeast Bay of comparing both the panels [Figs. 1 (a&b)], iséen that
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Figs. 3 (a-d). Variation of mean monthly Total cloud amount (TJ8r 0.4C Sea Surface Temperature
(SST) bins as function of SST for the north Ind@dcean for the monsoon season (June-
September) for the period 1984-90. Vertical baes standard deviations of the means.
The solid curve connects the means. (b), (c) &afe)same as (a) but for the variation of
Total cloud top pressure (hPa), Total cloud optidepth and total cloud albedo

respectively against SST

in the Arabian Sea, 20% HCA contour line approxiehat
passes between SST contours of £7and 28 C. This
suggests that in the region of mean SSTs of leas th are blown to the region by the overlying eastesy j
about 27.8 C, the HCA reduce below 20%. However, the stream. It is also so as this part of the Arabiaa &
maximum mean HCA values are not observed over thedominated by up welling with inversion close to the
maximum mean SSTSs.

In Fig. 1(a), grid boxes over which HCA values are
20% in all occasions=60% occasions) of the data period

are shaded dark (light). It is seen that in the Bdy

Bengal, all the grid boxes are dark shaded. As HTA

> 20% represents deep convection, this indicatesttiea
major contribution in the HCA over the Bay of Beh@ga
from the deep convective clouds. In the Arabian S&a

the west coast (south of 20l) also, there is a small area
where the HCA of 20% is observed in all the occasions.

Away from this deep convective clouds dominatedaeg
the contribution of deep convective clouds in th€Ad
decreases and that of cirrus type clouds increa3ésis,

the HCA observed over most of the western parthef t
Arabian Sea is mainly due to the cirrus type clowdsch

surface in the boundary layer.
3.2. HCAvs SST

Fig. 2 shows the relationship between HCA and SST
over north Indian ocean {0-25° N, 5¢ E-100 E). It
depicts the means and standard deviations of HGQGA fo
0.4° C SST bhins against SST obtained using grid point
data during the monsoon months (June-Septembethédor
entire period (1984-90). The dashed curve represiet
probability of grid boxes having20% HCA expressed as
percentage for each SST bin.

The solid curve connecting the mean HCA (Fig. 2)
indicates that the HCA and therefore the organised
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convection increases as the SST increases frornérou SST relationship is examined separately over ed¢heo
25.2 C and reaches its peak value of 43.0% at ©28.2 domains. These domains aig orth Bay of Bengal
In fact, 90% of the total 3612 grid boxes lie beawe (15° N —25 N, 80 E-100 E), (i) South Bay of Bengal
25.2 C and 29.2 C. After 29.2 C, HCA decreases with (0° —15 N, 8¢ E-100 E), (ii) North Arabian Sea
increasing SST. At the SST value of 29.2, the (20° N-25 N, 5¢ E— 70 E), (iv) Southwest Arabian Sea
probability of grid boxes with=20% HCA is also (0°-2C¢° N, 50 E-65 E) and () Southeast Arabian Sea
maximum (96%). Another aspect is that despite thalls  (0°-20° N, 65 E-8C E). Fig. 4 depicts five panels
sample size at higher SSTs, statistical testieét at 99%  corresponding to HCA-SST relationship over the five
confidence interval) showed that the adjacent HGA b domains of the north Indian ocean. The importaatuies
means at SSTs of 29.Z and above are distinct (except of each of the panels are discussed below.

points above 3122C). Also 72% of the total grid boxes

are in the SST range of 2& - 3¢ C and in this SST

range 75-95% of the grid boxes have HEZ0%. In the north Bay, during the data period, there are
224 grid boxes. In the corresponding panel inRige 4, it

Along the rising portion of the curve (Fig. 2), 88T is seen that, the centre values of all the SST diiesnore
threshold (SSF,) for the occurrence of the deep than 27.8 C (SSTy value for the north Indian ocean) and
convection is defined as the lowest SST value atlwtne are between 28C and 30.4C. The HCA means varied
probability of grid boxes witt220% HCA reach 50% or  from 56% to 67%. From Figs. 1(a&b) it is also cléat,
more. The SSF, is similar to the one that suggested by over all the grid boxes of this domain during the
Gadgil et al (1984). As seen in the Fig. 2, the value of entire data period, HCA values a&€20% and SSTs are
SSTy, is 27.6 C. Using a similar analysis, the S§T = 27.6 C. In Fig. 1(b), grid boxes over which SST values
values for the four months of January, April, Jalyd are= 27.6° C in all the occasion£50% occasions) of the
October representing four seasons for the samederi data period are shaded dark (light). In Fig. disiglso
(1984-90) (Figures not shown) are found to be 2&€0  seen that in general HCA increases with increasgS.
29.4 C, 27.6 C and 28.2 C respectivelyi(e. seasonal All these above features indicate that in this domtne
variation of 1.8 C in the SST threshold value). However, HCA is generally high and it is dominantly contried by
it may be mentioned that in the decreasing portibthe ~ deep convection. During the monsoon season, theraas
HCA-SST relationship (Fig. 2), above 30.8, there are tip of the monsoon tro_ugh over the Ind_lan mainland
no grid boxes with HCA>20% even though the SST is extends over this dorr_lf_;un. Therefore, durln_g norma!
well above the threshold value. These results lglear Strong monsoon conditions, the atmospheric comtio
demonstrate that high local SST is a necessarynbut  OVer this region are generally conducive for theeges
sufficient condition for deep convection. Though a Of low pressure systems and hence the developnfent o
warmer SST increases the buoyancy of the air in thed€€P convection. As the SSTs are also always high
planetary boundary layer, but if this buoyancy is (2 27.6 C), the variation in the HCA over this region
suppressed by factors like subsidence or a stafatgfied ~ could be mainly due to the variation in the atmesjzh
boundary layer, the deep convection and thus higids ~ Circulation pattern over this region.
will not be promoted. It is seen that other cloudperties

such as total cloud amount, total optical depttaltdoud In south Bay, there are 1120 grid boxes and like
top pressure and total cloud albedo etc. have sitaiar north Bay, centre values of all the SST bins=2€.6> C
relationship with SST as shown in Fig. 3. (between 27.6C & 30.4 C) and almost all the grid box

HCA values arex 20%. However, mean HCA values of
The decreasing portion of the relationship at warme various bins are about 10% less than that ovehriBaty
SSTs can be associated with diminished deep cdowect and they vary between 46% & 56%. The oceanic tedpic
These may be the regions where local or remoténfgrc  convergence zone (TCZ) over tropical Indian oceRai, (
are acting to suppress deep convection. Waliser andl996) normally develops over this region and extend
Graham (1993) addressed this important aspect inhwh westwards up to the southwest Arabian Sea. Duteg
they emphasised the importance of cooling mechanism normal and active oceanic TCZ, the conditions are
associated with deep convection in determining theconducive for the development of deep convectioar ov
observed upper limits on tropical SST. this region. There is however a competitive inverse
interaction between activity of oceanic TCZ and swom
In order to study the variation in the SST-deep trough (which generally extends from the Indian mai
convection interaction during the monsoon seasogr ov land to the northwest Pacific through north BayAs
various parts of north Indian ocean, the north dndi  such, the HCA-SST relationship over south Bay ot
Ocean is divided into five important domains andAdC  similar to that over north Bay.
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Fig. 4. Same as Fig.2, but for five different spatial éms of North Indian Ocean. These domains gri¢rth Bay of Bengal
(15° N =25 N, 80 E-100 E) (i) South Bay of Bengal {(815° N, 80" E-100 E), (ii) North Arabian Sea (20N-
25° N, 50 E- 70 E), (v) Southwest Arabian Sea°(820° N, 5¢° E-65 E) and ¢) Southeast Arabian Sea’{@0° N,
65° E-80 E)

The discussions in the last two paragraphs, thexefo
indicate that the rising portion of the consolidatéCA-

In the north Arabian Sea, during the data period,

there are 168 grid boxes with centre values of BB
SST curve above SST of 27.6 and its peak (Fig. 2) isa varying between 26°0C & 31.2 C. Irrespective of the
reflection of HCA-SST interaction over Bay of Behga

SST

values, the HCA values (particularly at highT§S
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are small (about 10%). In all the SST bins, theg@etage  north Indian ocean can be summarised in the foligwi
of grid points with>20% HCA are very small. At and two paragraphs.
above 30 C, it is zero. The reason for the suppression of

deep convection over this region could be the lsaEe In the Bay of Bengal, as the SSTs over all the grid
subsidence zone extending over this region ancepemht ~ boxes are always high (above the threshold valie),
at the heat low region over the neighbouring laegian. circulation has the greater control over the dgwelent

The dry air of continental origin that penetrateerothis ~ and the variation of deep convection over the megla
region is also responsible for the same. In theA\Fr8ST the north Arabian Sea, due to the persistent sabsal
curve in Fig. 2, the effect of including data ofrtho ~ motion and penetration of dry continental air, theep
Arabian Sea is, therefore, to reduce the mean Héldeg  convective clouds generally do not develop. Due to

in all the SST bins (with SST centre values=026° C), relatively clear sky conditions, the warmest SSTdhe
particularly at bins of higher SSTs. season are generally observed over some pocketse of

north Arabian Sea. In the south Arabian Sea above
In southwest Arabian Sea, there are 1064 grid boxesiormal 29.2 C, the HCA decreases with SST. Most of
with centre values of SST bins varying between 222  the grid boxes pertaining to the decreasing portibthe
and 30.0 C. About 54% of these grid boxes have SSTs relationships over south Arabian Sea are mainlynftbe
< 27.6 C. It is seen that (Fig. 4) above 260 as the northern portion closer to north Arabian Sea. Tlhs,
SSTs increases, the mean HCA also increase. Thelecreasing portion of the consolidated HCA-SST ewW
maximum mean HCA of 31% was observed at 2€2 Fig. 2 can be related to the depressed convectientbe
Above this SST value, the mean HCA reduces with northern parts of Arabian Sea.
increase in SST. It is also seen that in the rigiogion of
the HCA-SST curve, the percentage of grid boxe wit In this study most of the grid boxes with SST
HCA =20% also increases rapidly indicating that SST is < 27.Z C pertain to the southwest Arabian Sea dominated
C|ear|y an important factor for the deve]opmentdﬂép by upweIIing with low level inversion close to tharface
convection over this region. The SgTfor the deep in the boundary layer. In this SST region [(Fif2&4)]
convection over southwest Arabian Sea obtainedthe HCA values are very small and are mainly cboted
according to the earlier definition is found to 24 C, Dby cirrus type clouds. Above around 27@, in the south
which is 0.8 C more than the SST for the deep Arabian Sea (both southwest and southeast), both &C
convection over north Indian ocean (Z7(@) considered ~ Probability for the occurrence of deep convectiocréase
in total. with increase in SST. This indicates the strong
dependence of the deep convection over this domain
In southeast Arabian Sea, there are 784 grid boxedparticularly in the southeast Arabian Sea) on S&T.
with centre values of SST bins varying between 268  However, the deep convection - SST coupling can be
and 30.0 C. In this case, it is seen that the mean HCA Modified by the overlying atmospheric circulatiofhus
values of all the SST bins aE20% and increase with OVer south Arabian Sea, both SSTs and circulation
SST until the peak mean HCA (37%) is observed at SS features are important in the development and tiania

of 29.2 C. Above this, the HCA showed decrease with of the O!eep conv_ection. The S_§Tfor the entire
SST. On further examining it is found that, mosthe North Indian ocean is found to be, in effect, ti&rI-g for

grid boxes pertaining to the decreasing portionthu the southeast Arabian Sea (discussed in the nekbse

HCA-SST curve over both western and eastern pdrts 02/S0)-
south Arabian Sea are from the northern portiomeeadjt
to north Arabian Sea. The S&Tor deep convection over
southeast Arabian Sea is found to be 27C6 which is . . ] .
same as that for the north Indian ocean considertatal. Fig. 5 depicts the HCA-SST relationship over the
Along the rising portion of HCA-SST curve over this North Indian ocean for the monsoon season (JJAShéo
region, the percentage of grid points with HGR0% individual years during the period 19_84-90. T_a_lble 1
increases and becomes close to 100% near the Peisk.  Presents the SST threshold values at which theapibly
indicates that over this domain also like over baast  for the grid points with HCA220% becomes 75%, 50%
Arabian Sea, SSTs are an important factor in theand 25% for further analysis. Table 1 also sholes t
development of deep convection. However, peakhef t interannual variation of SST corresponding to pE&IA
HCA-SST curve over southeast Arabian Sea is broade@nd SST with highest grid point frequency. It isacly

and higher than that over southwest Arabian Sea. seen that both these SSTs are higher than the
corresponding SST threshold values. In the lastrool of

From the above discussions, the important featuresthe Table 1, the C.C. between SST & HCA obtained by
of the spatial variability of HCA-SST relationshigver using all the grid point values of the respextinonsoon

3.3. Interannual variation of SST
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Fig. 5. Same as Fig.2, but for individual years from 1884990
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TABLE 1

Interannual variation of SST threshold for deep convection over North Indian Ocean
during the monsoon season (June-September) for the period (1984-90)

SST at Centre value of SST (°C) at which C.C.
which HCA HCA SST range having probability of grid points  between
Year peak peak max. number of with HCA > 20% becomes HCA and
€9) (%) grid pointsfC) ~>75% >50% =>25%  SST
1984 28.4 45.0 28.4 28.0 27.6 27.6 0.61
1985 28.4 43.1 28.4 28.0 27.6 27.2 0.48
1986 28.8 47.6 28.8 28.0 27.6 27.6 0.58
1987 29.2 435 29.2 28.8 28.8 28.4 0.52
1988 28.8 50.9 29.2 28.0 28.0 26.8 0.47
1989 29.2 43.7 28.4 28.0 28.0 27.2 0.53
1990 29.6 44.2 28.8 28.0 28.0 27.2 0.52

season is shown. During all the years, the C.€aued to over south Bay of Bengal. However, over other suaa
be statistically significant with maximum during 8® north Indian ocean, SSTs were normal or below nbrma
(0.61) and minimum during 1988 (0.47). Another during early part of the season. This warm SSTratp
important aspect is that the SgTvalues for the north  over south Bay of Bengal and associated increaseg d
Indian ocean in each and every year are found tegbel convection were found to be one of the reasongHer
to the SST, values for the southeast Arabian Sea (hot weakening of monsoon circulation in 1987 (Krishnatinu
shown in the Table 1). As seen in the last se¢ctiersame et al 1989). Krishnamurtiet al (1989) also found
is the case with SS determined using data of all the northward progression of a counter monsoon cirmnat
years together. The year to year variation of §Shows anomaly in the lower levels and southeastwardisbiff
that during all the years except 1987, when SSi the upper level anticyclone from its normal positioAs a
range of 27.5 C to 28.0 C, the probability for deep result there was general weakening of Arabian Sea
convection to occur is 50% or moree., SST, varies circulation and upper level tropical easterly jeThese
from 27.6 C to 28.0 C. During 1987, an ENSO year features explains the relatively higher value f@TH
with weaker than normal Indian summer monsoon, the(28.8 C) over southeast Arabian Sea and hence over
SSTy, is 28.8 C, which is 1.2 C more than the normal north Indian ocean.
SST, (Fig. 2). This indicates that during the period of
1984-90, the SSi, has an interannual variation of 1. In the Table 1, it is also seen that during mosthef
years, the SST at which the probability of deepvection

In general during the monsoon season, due to thébecomes 25% is ~27.2C - 27.6 C. However, for 1987
presence of a huge upper air divergent flow over th & 1988 (a La Nina year of excess Indian summer
Indian monsoon region centered on north Bay of BReng monsoon rainfall), the corresponding SST values are
the atmospheric conditions over this region areegaty 28.&£ C & 26.8 C respectively i(e. an interannual
favourable for the development of deep convectibime variation of 1.8 C). At the same time, except for 1987,
large-scale monsoon circulation has also largeanteual for all the other years, at 2&, 75% or more of the grid
variation and is influenced by both local and reznot boxes showed deep convection. For 1987, this isrubd
forcing. The strong local ascending/ descendingionot  at a higher SST value of 28.8. In 1988, the SSTs over
caused by local forcing can cause descending/aszend the areas surrounding the Indian subcontinent dued t
motion over areas far away through the remote figrci  |ndian ocean were near normal to somewhat aboveaior
mechanism  (the monsoon-ENSO  coupling).  Such for almost the whole monsoon season (Krishnanerail
variation in the vertical motion can influence the 1990). However, the HCA values over Indian monsoon
development of deep convection significantly, which region were in general more in 1988 in compareth&n
could be the reason for both the seasonal and then 1987. The major differences were over north Béy
interannual variation observed in the ST Bengal and southeast Arabian Sea. The HCA values o

these two regions during 1988 were more by 10-26&0 a

In 1987, over equatorial areas of north Indian @¢cea 5-10% respectively in comparison with that durir@1.
the SSTs were persistently above normal during rabst Krishnamurtiet al (1990) found that, in 1988, the low
the monsoon season. The warm anomalies were ednter level flows over the Arabian Sea were near normdlthe
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upper level easterly jet was stronger than norndd$o in with him. The author also thanks the anonymousreefe
1988, the upper level divergent flow centeredsahdgrmal for his valuable suggestions and EOSDIS Distributed
position over the north Bay of Bengal was strontian Active Archive Center, Langley Research Center, RAS

normal. So these observations once again suggest thUSA for supplying the GEDEX CD-ROM, which contains

possible influence of large-scale circulation oa HCA- both the ISCCP cloud and NCEP SST data sets used in
SST relationship.
4. Conclusions

From the analysis of the HCA-SST relationship over

north Indian ocean during the monsoon season, the

following conclusions can be drawn.

(i) When the SST i825.2 C, the HCA shows gradual
increase with SST. The peak value of HCA (43%) is
observed at SST of 29.2C. However, at SSTs above
29.2 C, the HCA shows decrease with SST.

(i) Along the ascending branch of the HCA-SST
relationship, at SSi, value of 27.6 C, when the
probability for the occurrence of deep convectian i
>50%, the increase in HCA with SST is relativelyidap

(i) There is significant spatial variation of HCA-SST
relationship over north Indian ocean. As the SSis the
Bay of Bengal are always higkq7.6° C), the overlying
circulation features are more important than SSAs i
controlling the development and variation of deep

this study.
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