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lkj & bl ’kks/k Ik= esa m".k ty dq¡M dh fo’ks"krkvksa dk v/;;u djus ds fy, pkj ekg ¼ekpZ&twu 
2003½ dh vof/k ds nf{k.kh iwohZ vjc lkxj esa pkj fLFkj vk¡dM+k Iyoksa ls fy, x, le;c) Jà[kykvksa ds 
isz{k.kksa dk mi;ksx fd;k x;k gS A ekulwu&iwoZ dh vof/k esa fLFkj Iyo izs{k.kksa ls det+ksj fHkUu iouksa vkSj ’kkar 
leqnzh voLFkkvksa lfgr lgh ekulwu dh fLFkfr;ksa dk irk pyrk gS A ekulwu iwoZ dh m".krk ds pj.k ds 
nkSjku leqnz lrg rkieku vf/kd ik, x, gSa A bl {ks= esa lrg ekSle foKku izs{k.k ls vizSy 2003 ds vafre 
lIrkg ls ysdj nks lIrkgksa dh vof/k esa vis{kk—r fuEu vonkc dk irk pyk gS A bl vof/k esa iou dh 
fn’kk esa nf{k.kkoRrZ ?kw.kZu lfgr lacf/kr iou xfr vkSj rjax dh Å¡pkbZ rFkk vfu;fer o"kkZ dk irk pyk gS A 
bl izs{k.k dh jkspd ckr caxky dh [kkM+h esa ebZ 2003 dks vk, pØokr ds dkj.k ,l- ,l- Vh- dk ’khryu 
gksuk gS A bldh vU; fo’ks"krk m".krk dh voLFkk ds nkSjku leqnz lrg rkieku ds izsf{kr fd, x, 14 fnuksa 
ds Øe esa nksyu gSa A ekpZ ekg esa yo.krk ds le;c) izs{k.kksa ls m".k ty dqaM esa yo.kh; ty dh deh dk 
irk pyk gS A 2 vizSy dks /kjkryh; yo.krk esa vpkud 0-4 ih-- ,l- ;w- dh deh ns[kh xbZ tks laHkor% m".k 
ty dqaM {ks= esa de yo.kh; fiPN ds vfHkogu ds dkj.k@vFkok LFkkuh; ekulwu iwoZ dh ckSNkjksa ds dkj.k 
gks ldrh gS A nf{k.kh if’peh ekulwu ds vkjEHk gksus vkSj lac) ekulwu dh /kkjkvksa ls m".k ty dqaM lekIr 
gks x, rRi’pkr~+ ml {ks= esa mPp iouksa] leqnz dh [kjkc fLFkfr;ksa vkSj yxkrkj o"kkZ ds lkFk ekulwu dh 
fLFkfr;k¡ izcy gks xbZ A 

 
ABSTRACT.  Time series observations from four moored data buoys in the south eastern Arabian Sea for a period 

of four months (March - June 2003) are utilized to study the characteristics of warm pool. The moored buoy observations 
show fair weather conditions in the pre-monsoon period with weak variable winds and calm sea conditions. High SST has 
been observed during the pre-monsoon warming phase. Surface met observation shows comparatively low-pressure in the 
region for a period of two weeks starting from the last week of April 2003. Increased wind speed and wave height with a 
clockwise rotation in wind direction and occasional rains are reported during that period. An interesting observation is the 
cooling of SST in response to the May 2003 cyclone in Bay of Bengal.  Another feature during the warming phase is an 
oscillation of the order of 14 days observed in SST. Time series observations of salinity in the month of March show the 
presence of low saline water in the warm pool. A sudden drop of 0.4 psu in surface salinity was observed on 2nd April, 
which may be due to the advection of low saline plumes in the warm pool region and/or the local pre-monsoon showers. 
The onset of southwest monsoon and the associated monsoon currents dissipated the warm pool and thereafter the 
monsoon conditions with high winds, rough sea and frequent rains prevailed in the region. 
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1.  Introduction 
 

Arabian Sea warm pool is a unique phenomenon of 
anomalous warm surface water in the South Eastern 
Arabian Sea (SEAS), which collapses with the onset of 
southwest monsoon (Seetaramayya and Master, 1984). 
Studies by Joseph (1990) and Rao & Sivakumar (1999) 
highlighted the link between the warm pool and the 
southwest monsoon. Arabian Sea warm pool is the long-
lasting warmest water in the world ocean (Shenoi et al. 
1999), which accumulates heat in the shallow mixed layer. 
Weak winds and clear skies during the pre-monsoon 
period over this region favours the formation of a shallow 
mixed layer which in turn accumulates heat. Sengupta et 
al. (2002) and Weller et al. (2002) pointed out the 

significance of surface heat flux in the warming of mixed 
layer. The net heat gain into the sea in a thin surface layer 
leads to an anomalous rise in Sea Surface Temperature 
(SST). However the forcing mechanism behind the 
formation and its association with the southwest monsoon 
is not fully understood. Hence an observational campaign, 
“Arabian Sea Monsoon Experiment (ARMEX)” was 
organized under Indian Climate Research Programme 
(ICRP) and its phase II was dedicated to study the 
characteristics of the warm pool in the SEAS. 
 
2.  Data and method 
 

Under the ARMEX Phase II programme,              
four  moored  data   buoys   were   deployed   in the SEAS  
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Buoy-Id Lat (°N) Long (°E) Depth (m) 

DS6 8.30 72.76 1900 

DS6A 8.350 72.720 2120 

DS7 8.315 72.664 2000 

DS7A 8.310 72.650 2000 
 
Fig. 1.  Data buoy locations in the SEAS deployed for warm pool study 

 
 
 

 
 
exclusively to study the evolution and collapse of the 
warm pool.  These buoys were equipped with 
meteorological and oceanographic sensors to measure air 
pressure, air temperature, wind, SST, current and wave 
parameters. The data buoys record and transmit the data at 
synoptic hours (every three hour) through INMARSAT-C 
satellite to the shore station established at National 
Institute of Ocean Technology (NIOT) Chennai. Time 
series observations of surface met. and oceanographic 
parameters for a period of four months during March - 
June 2003 are utilized for this study.  

 
 
 
A close network of four data buoys are deployed off 

Minicoy Island at an average depth of 2000 m. The data 
buoys DS7 & DS7A were deployed very close to each 
other (1 nm apart). DS6 is deployed 4 nm east and DS6A 
at a distance of 4.5 nm north of DS7 (Fig. 1). The 
observations made by these buoys during ARMEX–II are 
compared with each other and shows good correlation. 
The surface wind observations were made at a height of     

3 m above the sea surface and are extrapolated to 10 m 
height using the power law (Panofsky and Dutton, 1984). 
Water temperature and salinity observations are made at a 
depth of 3m below the sea surface.  
 

 
There are data gaps in SST and salinity during the 

observational period due to stoppage of buoy and bio 
fouling of the sensor. Salinity observations are available 
only for a period of one month from 4th March to 7th April 
2003. SST data is not available from 16th May 2003 due to 
the stoppage of DS7A and a new buoy (DS6A) was 
deployed on 27th May 2003.   
 
 
3.  Results and discussion 

 
The moored buoy observations in the SEAS show 

fair weather conditions in the pre-monsoon period with 
weak variable winds and calm sea conditions. Surface met 
observations show the existence of a comparatively low-
pressure in the region for a period of two weeks starting 
from the last week of April 2003. Rapid increase in wind 
speed, wave height and a clockwise rotation in wind 
direction are observed in that period. Associated rain 
events have caused sudden fluctuations in air temperature 
and SST in the region. Time series observations suggest 
that the onset of monsoon over the warm pool region was 
on 6th June 2003, two days before the onset in Kerala 
coast. After the monsoon onset, high winds, rough sea and 
frequent rains prevailed in the region. 

 
 
3.1. Surface Met. observations 
 
The time series observations of wind exhibit the 

transition of wind pattern with the march of seasons. The 
initial period of observation shows light winds (~5 m/s), 
which slowly changes the direction from north-
northeasterly to north-northwesterly (Fig. 2). The rapid 
increase in wind speed and a clockwise rotation in wind 
direction during the first week of May are due to the low 
pressure system prevailed in the region. An increase in 
wind speed (> 6 m/s) in a steady northwesterly direction is 
observed for a period of two weeks starting from 10th 
May, which may be the response to the cyclone passage in 
Bay of Bengal (BoB). There is a sharp increase in wind 
speed (~10 m/s) after the onset of monsoon and the wind 
direction changed to west-southwesterly.  

 
 
The air temperature was around 29° C in the 

beginning of March, which steadily increased to more 
than 32° C by the second week of April (Fig. 3). Lower 
values  in  air  temperature during the pre-monsoon season  
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Fig. 2. Time series observations of wind speed and direction in the warm pool 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Time series observations of air temperature in the warm pool 
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Fig. 4. Time series observations of air pressure in the warm pool 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Time series observations of wave height and direction in the warm pool 
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Fig. 6. SST observations in the warm pool region and its biweekly oscillations. The dashed line represents 30.25° C SST 
 

 
 

are associated with local showers. The air temperature 
started decreasing from the beginning of May and 
continued till the end of observation. Biweekly oscillation 
of air temperature is observed in the initial period, but 
overshadowed due to the occasional rains. The sudden 
fluctuations in air temperature after the monsoon onset is 
due to the intense rainfall received in this region. 

 
 
The air pressure observations showed an average 

value of 1010 hPa during the initial period (Fig. 4). 
Comparatively lower air pressure prevailed in the region 
for a period of two weeks from 25th April to 12th May 
2003. Minimum air pressure of 1004.4 hPa is observed at 
DS6 location on 27th April 2003. There is a sudden drop in 
air pressure on 31st May and continued during the 
remaining period of observation. Biweekly oscillation 
observed in air temperature and SST is not evident in air 
pressure observations. However large intra-seasonal 
variability can be seen in the surface pressure. 

 
3.2. Wave observation in the warm pool 

 
The wave observation in the pre-monsoon period 

shows the calm sea conditions with an average wave 

height of 1m (Fig. 5). The waves are variable in direction, 
predominantly southerly during this transition period. The 
sudden increase in wave height in the first week of May 
(2.62 m) is the impact of high wind speed associated with 
the low pressure in the region. An average wave height of 
1.5 m is observed during the second week of May, due to 
the  increased  wind  speed.  Steady southerly swell waves 
dominated wave conditions during this period whereas the 
wind direction is west-northwesterly. After the onset of 
monsoon the wave height has increased with an average 
value of 3 m in a steady southwesterly direction. 

 
 

3.3. SST in the warm pool 
 
 Time series observations of SST exhibit the 

warming of surface water during the pre-monsoon period 
and the collapse of the warm pool by the onset of 
monsoon (Fig. 6). The maximum SST observed was 
31.71° C at DS7A on 18th April 2003 and remains  
warmer with an average of 30.93° C till second week of 
May. Such a high surface temperature is unique in the 
world ocean. A recent study by Sanilkumar et al. (2004) 
defined an Arabian Sea mini warm pool as the region 
where   SST   is  more  than  30.25° C.   According  to  the  
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Fig. 7. Time series observations of salinity in the warm pool 
 
 
 
definition, during 2003 warm pool in the SEAS exist for a 
period of ~2½ months from 22nd March till the onset of 
monsoon (Fig. 6). A sharp decrease in SST followed by 
the monsoon onset is observed at the buoy site.  

 
 
An interesting feature during the warming phase is 

an oscillation of the order of ~14 days in SST (Fig. 6). 
Five biweekly cycles are recorded from 6th March to 15th 
May in the observations. The first two cycles show a 
steady increase in SST whereas the third cycle shows a 
rapid increase of 1.4° C (Table 1). The fourth and fifth 
cycles retain the oscillations without much variation in 
SST, which shows that warm pool attains the mature stage 
much before the monsoon onset. The sudden fluctuations 
in SST during the 4th and 5th cycle are the impact of local 
pre-monsoon showers in the warm pool region.   
 

In the first cycle SST was varying between 29.1° C 
& 30.3° C. In the second cycle it was between 29.6° C and 
30.8° C. However in the third cycle SST attained about 
31.5° C and found to be varying between 29.8° C 
and31.5° C. Maximum SST of 31.71° C on 18th April was 
observed in the fourth cycle. However the fifth cycle 
shows a decrease in SST by 1.08° C, which varies from 
31.45° C to 30.37° C (Table 1).  The maximum rise in 
SST (1.4° C) is observed in the third cycle and the 
minimum (1.08° C) in fourth (Table 1). Similar oscillation 
is observed in air temperature also. The uniform 
oscillation   in   SST   and  air   temperature   supports  the  

TABLE 1  
 

Maximum, minimum and increase in SST in the five cycles      
observed during the warming phase of warm pool 

 

Cycle Minimum SST 
(oC) 

Maximum SST 
(oC) 

Increase in SST 
(oC) 

I 29.09 30.31 1.22 

II 29.57 30.82 1.25 

III 29.86 31.26 1.4 

IV 30.63 31.71 1.08 

V 30.37 31.45 -1.08 
 
 

 
 
influence of net surface heat flux in warming the mixed 
layer of the SEAS (Sengupta et al. 2002). 

 
 
The decrease in SST in the end of fifth cycle may be 

due to the effect of BoB cyclone, this supports the role of 
remote forcing (McCreary et al. 1993) in controlling SST 
over SEAS. More detailed model study is however 
required to understand the processes in detail. There is a 
considerable decrease in SST and could not regain the pre-
cyclone condition. Due to the gap in SST exact effect and 
the response time is not clear. The SST observations 
exhibit high amplitude diurnal oscillations during the 
warming phase of the order of 0.5° C. So the observation 
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reveals the considerable diurnal variation in SST during 
the pre-monsoon (Weller et al. 2002). These oscillations 
disappeared once the monsoon conditions set in. It shows 
the intensity of mixing, the dissipation of the thin warm 
surface layer and the lack of insolation due to cloud cover.  

 
 
3.4. Sea surface salinity variation in the warm pool  
 
The role of salinity in accumulating heat in surface 

waters of the warm pool region is not well established. 
However the studies by Shenoi et al. (1999) and Rao & 
Sivakumar (1999 & 2003) have provided an insight into 
this phenomena. The presence of low saline water in the 
upper layers of warm pool region that was brought by the 
coastal currents from the BoB (Shenoi et al. 1999) forms a 
thin surface layer and favours relative warming. The buoy 
data in the beginning of March 2003 shows the existence 
of low saline water (~34.2 psu) in the warm pool region 
(Fig. 7). The presence of barrier layer (Shenoi et al. 2004) 
in the warm pool region prohibits dissipation of heat into 
deeper layers. The observations show a steady increase in 
salinity as summer progresses till the end of March with a 
maximum of 34.88 psu on 31st March. It shows that the 
low saline water in warm pool region is systematically 
replaced by the Arabian Sea high saline water. A sudden 
drop in salinity (~0.4) on 2nd April is observed at both 
buoy locations.  Similar drop in salinity due to advection 
of low salinity plume is reported by Shenoi et al. (2004) 
during ARMEX cruise in warm pool region.  
 
 
4.  Conclusion 
 

The result of the time series observations are 
summarized as follows : 

 
(i) The moored buoy observations in the SEAS show 
fair weather conditions in the pre-monsoon period with 
weak variable winds and calm sea conditions.  
 
 
(ii) Surface met. observations show the existence of a 
comparatively low-pressure in the region for a period of 
two weeks starting from last week of April 2003. 
Increased wind speed and wave height with a clockwise 
rotation in wind direction and occasional rains are 
recorded during that period. 
 
 
(iii) Response of SEAS to the BoB cyclone in May 2003 
is captured in time series observations. Increased wind 
speed, wave height and drop in SST without much 
pressure drop are observed in the second week of May 
simultaneous to the cyclone occurrence in BoB.  

(iv) A pronounced pre-monsoon warming of SST over a 
period of two months is observed in the warm pool, with a 
maximum value of 31.71° C on 18th April 2003. SST 
observations show that warm pool attains the mature stage 
much before the monsoon onset. 
 
 
(v) The SST observations exhibit high amplitude diurnal 
oscillations (0.5° C) during the warming phase.  
 
 
(vi) Biweekly oscillation in SST is observed in the warm 
pool region during the pre-monsoon warming phase. The 
similar oscillations are reported in air temperature, which 
supports the role of net surface heat flux in warming up 
the warm pool region. 
 
 
(vii) The salinity observations in the beginning of March 
2003 show the existence of low saline water (~34.2 psu) 
in the warm pool region. The salinity has increased slowly 
as summer progressed till the end of observation (7th April 
2003) and reached a maximum of 34.88 psu on 31st 
March. 
 
 
(viii) There is a sudden drop in salinity (~0.4 psu) in the 
first week of April, which could be due to advection of 
low salinity plume in the warm pool region.   
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