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lkj & fgUn egklkxj ds leqnz lrg rkieku ¼,l- ,l- Vh-½ esa f}/kzqo ¼Mkbiksy½ dk irk yxus ds 
mijkar HkweaMyh; tyok;q ds lanHkZ esa fgUn egklkxj dk egRo c<+k gSA leqnz lrg rkieku leqnz dh tyok;q 
dks fu;af=r djus okyk ,d egRoiw.kZ egklkxjh; izkpy gSA leqnz lrg rkieku dh bl egÙkk dks ns[krs gq, 
bl 'kks/k&i= esa 1961 ls 1998 dh vof/k ds nkSjku ¼i½ Hkwe/;js[kh; fgUn egklkxj ¼5° m- & 5° n- vkSj     
50° iw- & 100° iw-½ rFkk ¼ii½ mRrjh fgUn egklkxj ¼5° m- & 20° m- vkSj 50° iw- & 100° iw-½ esa leqnz lrg 
rkieku dh var% okf"kZd rFkk var% ekSleh ifjorZu’khyrk dh tk¡p  dh xbZ gSA Hkkjr dh pkj ekud ekSle 
oSKkfud _rqvksa uker% 'khr _rq] ¼tuojh & Qjojh½] ekulwu iwoZ _rq ¼ekpZ & ebZ½] nf{k.k&if’pe ekulwu 
_rq ¼twu & flrEcj½ vkSj ekulwuksrj _rq ¼vDrwcj & fnlEcj½ esa fgan egklkxj ds bUgha {ks=ksa ds leqnz 
lrg rkieku esa folaxfr ds ekuksa dk vkdyu fd;k x;k gS A var% okf"kZd rFkk n’kdh; le;&eku ij 
fofHkUu ekud lkaf[;dh; fof/k;ksa vkSj Ik)fr;ksa dk mi;ksx djds leqnz lrg rkieku esa ekSleh folaxfr esa 
ifjorZu’khyrk dh tk¡p dh xbZ gS vkSj izkIr gq, ifj.kkeksa dh ijLij rqyuk dh xbZ gSA fgan egklkxj ds 
mDr nksuksa {ks=ksa esa leqnz lrg rkieku esa folaxfr esa pkjksa _rqvksa esa] 1961&98 ds nkSjku vkSj fo’ks"k #Ik ls 
1970 ds n’kd ds e/; ds ckn ls of̀) dh vf/kd Li"V izof̀Rr ns[kh xbZ gS A 

 
 
ABSTRACT. With the discovery of a dipole in Indian Ocean Sea Surface Temperature (SST), the Indian Ocean 

has been gaining an increasing importance in the context of global climate. SST is one of the important oceanic 
parameters controlling the ocean climate. In view of this importance, an attempt has been made in this study to examine 
the inter-annual and inter-seasonal variability of SST over (i) Equatorial Indian Ocean (5° N - 5° S and 50° E - 100° E) 
and (ii) North Indian Ocean (5° N - 20° N and 50° E - 100° E), during the period 1961-98. The values of seasonal SST 
anomaly over these sectors of Indian Ocean are computed for the four standard meteorological seasons over India, viz., 
Winter (January - February), Pre-monsoon (March - May), SW Monsoon (June - September) and Post-Monsoon   
(October - December). The variability of seasonal SST anomaly is examined, using various standard statistical methods 
and procedures, on inter-annual as well as decadal time-scale and the results are inter-compared. The SST anomaly over 
both the above sectors of Indian Ocean, for all the four seasons, shows an increasing trend during 1961-98, more 
particularly and prominently, after mid-1970s. 
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1. Introduction 
 

Indian Ocean constitutes a part of the major ocean 
basins of the globe, besides the Pacific and the Atlantic 
Oceans. The phenomenon of occurrence of El-Nino 
(anomalous warming of the eastern and central equatorial 
Pacific Ocean), has invited considerable attention, world 
over, since mid-1970s. The importance of  changes in  Sea 
Surface Temperature (SST) over the equatorial Pacific 
Ocean in global climate variability is extensively 
documented in the form of relationship between the El-
Nino Southern Oscillation (ENSO) and global climate 
anomalies [Walker (1923, 1924); Rasmusson and 

Carpenter (1982, 1983); Ropelwski and Halpert (1987, 
1989, 1996); Shukla (1987); Mooley and Paolino (1989); 
Sikka (1980), among others].  Although usually not as 
extreme or extensive as in the Pacific Ocean, warmer 
oceanic temperatures and anomalous convection patterns 
do also occur in central Indian Ocean [Chandrashekhar 
and Kitoh (1998); Saji et al. (1999); Webster et al. (1999); 
Yu and Rienecker (1999)].  The inter annual variability in 
Indian Ocean is different too; little coherent behaviour has 
been identified in it until now, in contrast to the Pacific 
and the Atlantic Oceans where several modes of 
variability have been evident [Anderson (1999)].  One 
possible explanation for the apparent lack of variability of 
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Indian Ocean region is the different relative location of the 
major precipitation and through the release of latent heat, 
the associated atmospheric heating regimes. Meehl (1987) 
has discussed the annual cycle and inter annual variability 
in tropical Indian Ocean and Pacific Ocean. He has 
suggested that inter annual anomalies in the tropical 
Indian Ocean initiate over the Indian monsoon region 
during the northern summer and propagate southeastwards 
from northern summer to winter.  Webster et al. (1999) 
have shown that in the second half of 1997 (the year of the 
most severe El-Nino event of the 20th century), anomalies 
in SST developed in Indian Ocean (cold in the east and 
warm in the west), a state known as Indian Ocean dipole. 
They relate the ocean temperature distribution to 
increasing rainfall over east Africa and reduced rainfall 
over Indonesia and to the associated shift in atmospheric 
heating patterns.  Saji et al. (1999) have identified a dipole 
mode in the equatorial Indian Ocean, which explains 12% 
of the SST variability in the Indian Ocean. In their recent 
study, Singh and Sarker (2003) have observed that, during 
the period 1985-98, the SST in the coastal region of north 
Indian Ocean shows an increasing trend in all the seasons 
and the SSTs in the Island regions, during winter season, 
show decreasing trend. Singh (1999) has reported a 
significant increasing trend in the SST values over the 
Arabian Sea during May. Also, Singh (1998) has reported 
positive SST anomaly values over south Arabian Sea        
(0-10° N) and negative SST anomaly values over north 
Arabian Sea (10-25° N). Gnanaseelan, et al., (2003) have 
made an attempt to simulate the SST fields over north 
Indian Ocean (20° S - 25° N, 35° E - 115° E) and have 
concluded that a simple numerical model is capable of 
such simulation. The model used by them could also 
successfully simulate the observed dipole in SST over 
Indian Ocean during the years 1997 and 1994. Thus, the 
Indian Ocean is assuming increasing importance and 
relevance in global climate variability in recent years, 
particularly so, after the 1997 El-Nino event.   
 
 

In view of this importance of Indian Ocean, an 
attempt has been made in this study to examine the inter-
annual, inter-seasonal and decadal variability of SST over 
(i) Equatorial Indian Ocean (5° N - 5° S and 50° E -        
100° E) and (ii) North Indian Ocean (5° N - 20° N and     
50° E and 50° E - 100° E), during the period 1961-98. 
 
 
2. Data and methodology 
 

The data of monthly SST over Indian Ocean (5° S -
20° N and 50° E - 100° E) for the period have been 
obtained from Comprehensive Ocean Atmosphere Data 
Sets (COADS). These data are obtained for mean monthly 
summary  SST  values  over  the  part  of the Indian Ocean  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
Figs. 1(a-d).  Inter annual variability of seasonal SST anomaly over 

equatorial Indian Ocean for (a) Winter season (b) Pre-
monsoon season, (c) SW monsoon season and (d) Post 
monsoon season (1961-98)  
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bounded by 5° S - 20° N and 50° E - 100° E, on 2° × 2° 

Latitude-Longitude grid. From these data, for each grid, 
the mean seasonal SST anomaly values are computed for 
the following four meteorological seasons over India, viz., 
Winter (Jan-Feb), Pre-monsoon (Mar-May), SW Monsoon 
(Jun-Sep) and Post-monsoon (Oct-Dec), for each year 
during the period of study, 1961-98. The anomaly values 
are computed as being departures from the respective 
mean values for the period 1961-98. These SST anomaly 
values are further averaged over the following two regions 
of the Indian Ocean viz., (i) Equatorial Indian Ocean        
(5° S - 5° N and 50° E - 100° E) and (ii) North Indian 
Ocean (5° N - 20° N and 50° E - 100° E). The variability 
of seasonal SST anomaly is examined, using various 
standard statistical methods and procedures, on inter-
annual as well as decadal time-scale. The series of 
seasonal SST anomaly values, thus obtained, are also 
subjected to Statistical Trend Analysis, to assess for 
existence of trend, if any. The trend analysis has been 
carried out based on the method of least squares. The 
results of these analyses are presented in the following 
section. 
 
 
3. Discussion     

 
 
3.1.  Variability of SST over Equatorial Indian 

Ocean 
 
 
3.1.1. Inter annual variability 

  
 

Figs. 1 (a-d) depicts the Inter annual variability of 
SST anomaly over Equatorial Indian Ocean, for the four 
meteorological seasons over India, viz., Winter (Jan-Feb), 
Pre-monsoon (Mar-May), SW Monsoon (Jun-Sep) and 
Post-monsoon (Oct-Dec), respectively, for the period 
1961 to 1998.  As is evident from this figure, the seasonal 
SST during all the four seasons is characterized by a high 
degree of interannual variability. Also, it is seen from this 
figure that the seasonal SST shows an increasing trend in 
its value during the period 1961-98, which is statistically 
significant at 5% level of significance.     
 
 

3.1.2. Decadal variability 
  
 

Figs. 2 (a-d) depicts the decadal variability of SST 
anomaly over Equatorial Indian Ocean, for the four 
seasons, viz., Winter (Jan-Feb), Pre-monsoon (Mar-May), 
SW Monsoon (Jun-Sep) and Post-monsoon (Oct-Dec), 
respectively,  for  the  period  1961  to 1998. It is observed  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 2(a-d).  Decadal variability of seasonal SST anomaly over 

equatorial Indian Ocean for (a) Winter season, (b) Pre-
monsoon season, (c) SW monsoon season and (d) Post 
monsoon season (1961-98)  
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Figs. 3(a-d).  Variability of SST anomaly over equatorial Indian Ocean 
for pre-global warming period (1961-75) and Post-Global 
warming period (1976-98) (a) Winter (b) Pre-monsoon 
(c) SW monsoon and (d) Post monsoon season  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 4(a-d).  Inter annual variability of seasonal SST anomaly over 
North Indian Ocean for (a) Winter season, (b) Pre-
monsoon season, (c) SW monsoon season and (d) Post 
monsoon season (1961-98)  
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Figs. 5(a-d).  Decadal variability of seasonal SST anomaly over North 

Indian Ocean for (a) Winter season, (b) Pre-monsoon 
season, (c) SW monsoon season and (d) Post monsoon 
season (1961-98)  

that, the seasonal SST anomaly for all the four seasons is 
negative during the decade 1961-70 and for all the other 
decades, viz., 1971-80, 1981-90 and 1991-98, the seasonal 
SST anomaly is positive. During Winter season, however, 
the SST anomaly during the decade 1971-80 is zero, 
indicating normal SST values. The decadal SST anomaly 
values depict a progressive rise for the progressing 
decades, with the part of the last decade (1991-98), 
exhibiting the highest value of decadal SST anomaly 
among all other decades under study.  

 
 
 
 
3.1.3. Variability of SST anomaly for pre and post 

global warming period 
 
 
According to Inter Governmental Panel on Climate 

Change (IPCC) Third Assessment Report (TAR), there is 
an evidence of occurrence of global warming since mid-
1970s. With this backdrop, the variability of seasonal SST 
over Equatorial Indian Ocean has been analysed for two 
separate periods: Pre-Global Warming Period (1961-75) 
and Post-Global Warming Period (1976-98). Figs. 3 (a-d) 
depicts this variability. It is observed that, the seasonal 
SST anomaly for all the four seasons, during the period 
1961-75, is negative, while, that during the period         
1976-98, is positive. It is also clearly evident from this 
figure that, there is a paradigm shift in seasonal SST 
anomaly value, for all the four seasons, after 1975, i.e., 
during the Post-Global Warming Period. The highest 
value of change of seasonal SST anomaly value from Pre-
Global Warming period to Post-Global Warming period is 
observed for the Pre-monsoon season.  
 

 
3.2.  Variability of SST over North Indian Ocean 
 
 
3.2.1. Inter annual variability 

  
 

Figs. 4 (a-d) depicts the Inter annual variability of 
SST anomaly over North Indian Ocean, for the four 
seasons, viz., Winter (Jan-Feb), Pre-monsoon (Mar-May), 
SW Monsoon (Jun-Sep) and Post-monsoon (Oct-Dec), 
respectively, for the period 1961 to 1998.  As is evident 
from this figure, the seasonal SST during all the four 
seasons is characterized by a high degree of inter annual 
variability. Also, it is seen from this figure that the 
seasonal SST shows an increasing trend in its value during 
the period 1961-98, which is statistically significant at 5% 
level of significance.     
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Figs. 6(a-d).  Variability of SST anomaly over North Indian Ocean for 

pre-global warming period (1961-75) and post-global 
warming period (1976-98) (a) Winter (b) Pre-monsoon 
(c) SW monsoon and (d) Post monsoon season  

3.2.2. Decadal variability 
  
 

Figs. 5 (a-d) depicts the decadal variability of SST 
anomaly over North Indian Ocean, for the four seasons, 
viz., Winter (Jan-Feb), Pre-monsoon (Mar-May), SW 
Monsoon (Jun-Sep) and Post-monsoon (Oct-Dec), 
respectively, for the period 1961 to 1998. It is observed 
that, the seasonal SST anomaly for the three seasons, viz., 
Winter, Pre-monsoon and SW monsoon seasons, is 
negative during the decades 1961-70 and for 1971-80, 
1981-90 and is positive during 1991-98. For Post-
monsoon season, the seasonal SST anomaly is negative 
during the decade 1961-70 and positive during 1971-80, 
1981-90 and 1991-98. The decadal SST anomaly values 
depict a progressive rise for the progressing decades, with 
the part of the last decade (1991-98), exhibiting the 
highest value of decadal SST anomaly among all other 
decades under study.  
 
 
 

3.2.3. Variability of SST anomaly for pre and post 
global warming period 

  
 

Figs. 6 (a-d) depicts the variability of seasonal SST 
anomaly over North Indian Ocean for two separate 
periods: Pre-Global Warming Period (1961-75) and Post-
Global Warming Period (1976-98).  It is observed that, the 
seasonal SST anomaly for all the four seasons, during the 
period 1961-75, is negative, while, that during the period 
1976-98, is positive. It is also clearly evident from this 
figure that, there is a paradigm shift in seasonal SST 
anomaly value, for all the four seasons, after 1975, i.e., 
during the Post-Global Warming Period. The highest 
value of change of seasonal SST anomaly value from Pre-
Global Warming period to Post-Global Warming period is 
observed for the Post Monsoon season.  
 
 
 
4. Conclusions 
 
 
(i) During the period 1961-98, the seasonal SST 
anomaly values over Equatorial and North Indian Ocean, 
for all the four meteorological seasons over India, show 
statistically significant increasing trend. 
 
 
(ii) There is a paradigm shift in seasonal SST anomaly 
value, over Equatorial as well as over North Indian Ocean, 
for all the four meteorological seasons over India, after 
1975, i.e., during the Post-Global Warming Period. The 
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SST anomaly, for the period 1961-75, is negative 
indicating colder than normal SST and  for the period 
1976-98, is positive, indicating warmer than normal SST, 
for both the sectors of Indian Ocean.    
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