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lkj lkj lkj lkj & mRrjh&iwohZ ¼m-iw-½ ekulwu Hkkjrh; tyok;q ra= ds egRoiw.kZ ?kVdksa esa ls ,d gSA mRrjh &iwohZ 

ekulwu ds ok;oh; foLrkj izk;% nf{k.khiwohZ izk;}hih; Hkkjr esa QSys gq, gsA mRrjh&iwohZ ekulwu _rq  vFkkZr~ 
vDrwcj ls fnlacj rd dh vof/k ds nkSjku Hkkjr ds fuEufyf[kr ik¡p ekSle oSKkfud mi[kaMksa vFkkZr~ rVh; 
vka/kzizns'k] jk;ylhek] dukZVd ds nf{k.kh van:uh Hkkx] dsjy vkSj rfeyukMq esa o"kkZ vR;kf/kd ek=k esa gqbZA 
bl 'kks/k&Ik= esa o"kZ 1875&1997 dh nh?kkZof/k vk¡dM+ksa dh J`[kykvksa dk mi;ksx djrs gq, nf{k.khiwohZ 
izk;}hih; vkSj lewps Hkkjr esa mRrjh&iwohZ ekulwu o"kkZ dh fHkUurkvksa dk v/;;u fd;k x;k gSA blesa 
,y&uhuksa vkSj yk&uhuk o"kksZa lfgr mRrjh&iwohZ ekulwu dh o"kkZ dk Hkh v/;;u fd;k x;k gSA bl nkSjku ;g 
ns[kk x;k gS fd ,y&uhuksa ¼yk&uhuk½ ds o"kksZa esa nf{k.khiwohZ izk;}hih; Hkkjr esa mRrjh&iwohZ ekulwu dh o"kkZ 
lkekU; ls vf/kd ¼U;wu½ gSA blds lkFk gh ,y&uhuksa ds o"kksZa ds nkSjku vf/kd vFkok lkekU; jgrs gq, bl 
{ks= esa mRrjh&iwohZ ekulwu o"kkZ dh laHkkouk cgqr vf/kd vFkkZr~ 0-93 jghA 

 
ABSTRACT. The North-East (NE) monsoon is one of the important components of Indian climate system. The 

aerial extent of NE monsoon generally extends over south-eastern peninsular India. The following five meteorological 
sub-divisions of India viz. coastal Andhra Pradesh, Rayalaseema, south interior Karnataka, Kerala and Tamil Nadu 
receive significant amount of rainfall during the NE monsoon. In the present study, using  a long period data series 1875-
1997, the variability of NE monsoon rainfall over south-eastern peninsula and whole India, is studied. The association of 
NE monsoon rainfall with El-Nino and La-Nina years is also analysed. It is observed that, the NE monsoon rainfall, over 
the south-eastern peninsular India is higher (lower) than normal, during El-Nino (La-Nina) years. Also, the probability of 
NE monsoon rainfall over this region being excess or normal during El-Nino years is very high, 0.93. 

 
Key words − Northeast Monsoon, El-Nino years, La-Nina years. 

 
 
 
 
1. Introduction 
  

The North-East (NE) monsoon season (October to 
December) is the principal rainy season for the southern 
region of the Indian peninsula, particularly, the eastern 
half of it.  In the state of Tamil Nadu, it is the main rainy 
season which accounts for about 60% of the annual 
rainfall in the coastal districts and about 40% to 50% of 
the annual rainfall in the interior districts of the state 
[Srinivasan and Ramamurthy (1973b)]. The aerial extent 
of the NE monsoon generally extends over the five 
meteorological sub-divisions of India viz., coastal Andhra 
Pradesh, Rayalaseema, south interior Karnataka, Kerala 
and Tamil Nadu (Fig. 1). Though the NE monsoon is 
marked by a limited aerial extent and gives relatively 
lesser quantum of rainfall as compared to that during the 
South-West (SW) monsoon, it is important for the 
agriculture and hydrology of the Indian southern 
peninsula. 

There have been a number of studies discussing the 
statistical   properties of NE monsoon [Srinivasan and 
Ramamurthy, (1973 a&b); Rao (1953); Dhar et al. (1982 
a&b); Sontakke (1993); Singh and Sontakke (1999)]. De 
et al. (1992), have studied the intra-seasonal variation of 
rainfall during NE monsoon in relation to circulation 
features for the period 1975-85.  They observed that, even 
during the years of normal or above normal rainfall, spells 
of above normal rainfall occurred for only two to three 
weeks in a season over the southern peninsula.  This study 
has also shown that there is no significant periodicity in 
the rainfall in the NE monsoon season and the auto-
correlations decrease very rapidly with increasing time.  
Ropelwski and Halpert (1987) have reported an enhanced 
ENSO-related winter monsoon precipitation in extreme 
southern India.  Sridharan and Muthuswamy (1990) have 
observed that on 90% of occasions, El-Nino years resulted 
in normal or above normal rainfall over Tamil Nadu 
during  NE  monsoon   period. Singh and Sontakke (1999)  
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Fig. 1.  Meteorological sub-divisions of India receiving 
significant rainfall during NE monsoon season 

 
 
 
have proposed the region demarcated by the Indian 
Peninsula south of 15° N, as the region of ‘South 
Peninsula’ in the context of studies on variability of NE 
monsoon season rainfall.  This region constitutes about 
12% of the total area of India.  De and Mukhopadhyay 
(1999) have found that an ENSO year is associated with 
enhanced NE monsoon precipitation while an anti-ENSO 
year is associated with reduced precipitation.  Jayanthi and 
Govindachari (1999) have reported that, out of 22 El-Nino 
years during 1901-1997 in 17 years (on 77% of occasions) 
Tamil Nadu received above normal rainfall. With this 
backdrop, a study of variability of NE monsoon over India 
and its related aspects are presented in this study. 

 
 

2. Data and methodology 
  

The principal aim of this study is to build up a long 
time (1875-1997) data series of the area weighted rainfall 
for the NE monsoon season, October-November-
December (OND) for the five meteorological subdivisions 
of India, forming the core region of NE monsoon and 
India as a whole. It is also aimed to examine the possible 
linkage between the activity of NE monsoon and El Nino, 
if any. For this purpose, the composite NE monsoon 
rainfall for the El Nino and La-Nina years under study, is 
assessed.  Also, the coefficients of correlation between the 
NE monsoon rainfall and the Sea Surface Temperature 
(SST) over the Pacific Ocean are computed and analysed. 
For the computation of area-weighted rainfall for the 
whole India and for the five meteorological sub-divisions, 

the sub-divisional rainfall data for 1875 to 1997, archived 
by the India Meteorological Department are used. From 
these data, the following two long-time series of rainfall 
for October to December (October-November-December : 
OND) season and the months of October, November and 
December are computed  (1) for all-India (2) for five 
meteorological sub-divisions forming the core region of 
NE monsoon area viz., coastal Andhra Pradesh, 
Rayalaseema, south interior Karnataka, Kerala and Tamil 
Nadu. This series is hereafter, referred to as the ‘sub-
divisional NE Monsoon Rainfall’.  From these data, the 
Standardized Rainfall Anomaly (SRA) of the seasonal 
(October to December) rainfall is computed for each year 
of the period 1875 to 1997.  This SRA is defined as, 

σ
SRA

XX −= ,  

 
where   X : the seasonal OND rainfall of any year,  
           

X : Mean OND rainfall for 1875 to 1997, and  

  
σ : Standard deviation of the rainfall series. 

 
3. Discussion 
 

3.1.  Variability of NE monsoon rainfall 
 

Figs. 2 and 3 depict the values of SRA for all-India 
and sub-divisional rainfall respectively.  

 
The years for which the SRA is > +1 are designated 

as the years of excess rainfall and those years for which 
the SRA is < −1 are designated as the years of deficient 
rainfall.  The rest of the years are designated as the years 
of normal rainfall.  With this criterion, there are in all 24 
excess years (1880, 1883, 1884, 1887, 1893, 1898, 1902, 
1903, 1922, 1930, 1932, 1939, 1940, 1944, 1946, 1956, 
1969, 1972, 1977, 1987, 1993, 1994, 1996 and 1997) and 
19 years of deficient rainfall (1875, 1876, 1881, 1897, 
1899, 1900, 1904, 1908, 1909, 1926, 1927, 1938, 1947, 
1949, 1951, 1974, 1984, 1988, 1989), during the period 
under study. The highest value (55.19 cm) of the seasonal 
rainfall is observed in 1993 while the lowest value (10.12 
cm) is observed in 1876. Thus the range of the rainfall is 
45.07 cm.  A similar criterion for the all-India rainfall 
series yields 15 years of excess rainfall (1894, 1903, 1916, 
1917, 1928, 1931, 1946, 1955, 1956, 1958, 1977, 1985, 
1987, 1990 and 1997) and 16 years of deficient rainfall 
(1875, 1876, 1881, 1891, 1896, 1899, 1900, 1905, 1907, 
1908, 1909, 1918, 1920, 1926, 1935 and 1965), during the 
period under study. The highest value of All-India NE 
Monsoon Rainfall (AINMR) (21.26 cm) occurred in 1956 
and the lowest value (5.15 cm) occurred in 1908.  Thus, 
the range of the rainfall is 16.11 cm.   
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Fig. 2. Interannual variability of all-India NE monsoon (October to December) rainfall (1875-1997) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Interannual variability of  NE monsoon (October to December) rainfall (area-weighted for five sub-divisions)  (1875-1997) 
 
 
 
From Table 1, it is evident that, the all-India mean 

rainfall during NE monsoon season (October to 
December) is 12.0 cm and its standard deviation is 3.4 cm.  
Thus, the coefficient of variation works out to be 28%.  
For sub-divisional NE monsoon rainfall, the mean rainfall 
is 34.9 cm with standard deviation 9.3 cm.  Interestingly, 
the coefficient of variation for both, all-India and sub-
divisional NE monsoon rainfall is almost the same.  
During the period 1875-1997, there are 29 El-Nino years 
[as identified by Quinn, et al. (1987) and Rasmusson and 
Carpenter (1983) and later updated] and 23 La-Nina years 
[as identified by Van Loon and Shea (1985)]. The list of 
these El-Nino and La-Nina years [Mooley (1997)] is 
presented in Table 2. 

The composite sub-divisional NE monsoon rainfall 
for El-Nino years is 11% higher than the Long Period 
Average (LPA) whereas the composite rainfall for La-
Nina years is 6% lower than the LPA.  The difference 
between the composite sub-divisional NE monsoon 
rainfall for El-Nino and La-Nina years, has been tested for 
significance by applying the non-parametric Mann-
Whitney Rank statistics test.  It is observed that, this 
difference is significant at 5% level.  For AINMR, the 
composite for El-Nino years is lower than the LPA by 5% 
and that for La-Nina years is lower than the LPA by 1%. 
The difference between the composite all-India NE 
monsoon rainfall, for El-Nino and La-Nina years, 
however,  when  tested  for  significance by application of  
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TABLE 1 
 

Statistical details of sub-divisional and All-India rainfall during NE monsoon season (1875-1997) 
 

Parameter Sub-divisional rainfall All-India rainfall  

Mean  34.9 cm 12.0 cm 

Standard deviation  9.3 cm 3.4 cm 

Coefficient of  variation 27% 28% 

Mean composite for deficient years 20.6 cm 7.0 cm 

% of LPA −41% −42% 

Mean composite for excess years 48.2 cm 18.4 cm 

% of LPA + 38% + 53% 

Mean composite for El-Nino years 38.7 cm 11.5 cm 

% of LPA + 11% −5% 

Mean composite for La-Nina years 33.0 cm 11.9 cm 

% of LPA −6% −1% 
 
 
 

TABLE 2 
 

List of El-Nino and La-Nina years (1875-1997) 
 

El-Nino Years La-Nina Years 

1877 1886 

1880 1889 

1884 1892 

1887 1898 

1891 1903 

1896 1906 

1899 1908 

1902 1916 

1905 1920 
1911 1924 

1914 1931 
1918 1938 
1923 1942 

1925 1949 
1929 1954 
1930 1964 

1932 1966 
1939 1970 
1941 1973 

1951 1975 
1953 1978 
1957 1983 

1965 1988 
1969  
1972  

1976  
1982  
1987  
1997  

 

TABLE 3 
 

Coefficients of Correlation (CC) between the monthly (Oct, Nov & 
Dec) and seasonal (OND) Rainfall over India as a whole and  

over the five meteorological sub-divisions 
 

 All-India rainfall Sub divisional rainfall 

(a)  CC between monthly and seasonal rainfall 

Oct – OND 0.8 0.6 

Nov – OND 0.5 0.8 

Dec – OND 0.3 0.5 

(b) CC between All-India and sub-divisional rainfall 

Oct 0.5  

Nov 0.8  

Dec 0.6  

OND 0.6  

 
Mann-Whitney test is observed not to be statistically 
significant. 

 
Table 3(a) depicts the Coefficients of Correlation 

(CC) between the monthly and seasonal sub-divisional 
rainfall. The CCs are positive. It is observed that, for the 
sub-divisional rainfall, all the months (October, November 
and December) contribute significantly to the seasonal 
rainfall, the CC between November and OND rainfall 
being the highest.  For AINMR, the highest correlation is 
observed for the month of October.  These CCs are 
significant at 5% level of significance.  Table 3(b) depicts 
similar table for the AINMR and sub-divisional rainfall.  
This correlation is the highest for the month of November. 
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Fig. 4.  Coefficients of correlation (CC) between NE monsoon (OND) rainfall and SST over Nino 
regions (1961-98) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 5(a&b).  Spatial distribution of composite NE monsoon (October to December) rainfall (percentage departure from normal) over 

India (1961-97). The area of negative departure is hatched 
 
 
 
3.2. Association between the sub-divisional NE 

monsoon (October to December) rainfall and 
the sea surface temperature over Pacific 

 
The association of rainfall over India with various 

El-Nino Southern Oscillation (ENSO) parameters is the 
highest during the post-monsoon season [Walker (1924), 

Chattopadhyay and Bhatla (1996)].  Hence, in order to 
examine the relationship of the rainfall during post-
monsoon season (October to December) with ENSO, the 
coefficients of lag correlation between the SRA of sub-
divisional rainfall (OND) and the Sea Surface 
Temperature (SST) anomaly over the three key regions of 
Pacific  viz.,  Nino 1+2,  Nino 3 and Nino 4 are computed,  
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Figs. 6(a&b).  Spatial distribution of  NE monsoon (October to December) rainfall (percentage 
departure from normal) over India for two cases each of (a) El-Nino years and         
(b) La-Nina years. The area of negative departure is hatched 

 
 
for the period 1961 to 1997.  The data of SST anomaly 
over the three Nino regions of the Pacific ocean have been 
obtained from the Climate Analysis Centre, Washington, 
USA. Fig. 4 depicts these Coefficients of Correlation 
(CCs).   

 
From Fig. 4, it is observed that, for all the three Nino 

regions, the nature of evolution of the CCs is similar. The 
CCs during the pre-monsoon months (March to May) of 
the previous year are negative (but, not statistically 
significant), these become positive thereafter and continue 
to increase.  Statistically significant positive CCs are 
observed during May to October of the concurrent year.  
The CCs decrease rapidly, thereafter, and become 
insignificant.  Thus, warmer (cooler) than normal SSTs 

over the central and eastern Pacific during May to October 
are conducive for higher (lower) winter monsoon rainfall 
over the peninsular India. 
  

Figs. 5(a&b) depicts the composite NE monsoon 
rainfall (percentage departure from normal) over India for 
El-Nino years and La-Nina years during 1961 to 1997 
respectively. (Table 2), They show contrasting features.  
The composite for El-Nino years shows positive rainfall 
departure (indicating higher than normal rainfall) over all 
the five meteorological sub-divisions, forming the core 
region of NE monsoon area.  The north eastern region of 
India shows lower than normal NE monsoon rainfall, as 
indicated by negative rainfall departure values [Fig. 5(a)]. 
On the other hand, the composite for La-Nina years shows  
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TABLE  4 
 

Sub-divisional rainfall (Oct to Dec) during El Nino and La-Nina years (1875-1997) 
 

 Excess  
Rainfall years 

Normal  
Rainfall years 

Deficient  
Rainfall years 

 
Total 

El-Nino years 11 16 2 29 

La-Nina years 2 17 4 23 

Neither El-Nino nor La-Nina years 11 47 13 71 

Total 24 80 19 123 

 
 
 
negative rainfall departure (lower than normal rainfall) 
over peninsular India and positive rainfall anomalies 
(higher than normal rainfall) over north eastern India  
[Fig. 5(b)]. A similar kind of rainfall features are observed 
in case of the individual El-Nino and La-Nina years, 
forming the respective composites. As an example, two 
cases of each El-Nino years (1987 and 1997) and La-Nina 
years (1983 and 1988), are  presented in Fig. 6. In 1987 as 
well as in 1997 (both being El-Nino years), the rainfall 
over south-eastern peninsular region of India was higher 
than normal. On the other hand, in 1983 and in 1988, the 
rainfall over south-eastern peninsular region of India was 
lower than normal (except over Tamilnadu, in 1983) and 
rainfall over the north-eastern India was higher than 
normal.  
  

A study by De and Mukhopadhyay (1999) has 
revealed that the tracks of low-pressure systems in the Bay 
of Bengal, during the ENSO years, are more westerly than 
those during anti-ENSO years. Thus, during El-Nino 
years, the number of low-pressure systems affecting the 
Tamil Nadu/Andhra Pradesh coasts is higher than that 
during La-Nina years, during which, the low-pressure 
systems have a higher tendency to recurve. Also, during 
the La-Nina years, the surface wind anomalies in Indian 
Ocean are westerly indicating weaker than normal NE 
monsoon circulation. (Ropelwski and Halpert, 1989). 
These factors may contribute to higher (lower) than 
normal rainfall over the south-eastern peninsular region of 
India during El-Nino (La-Nina) years. 
  

Table 4 shows the contingency table of the sub- 
divisional NE monsoon rainfall activity during El-Nino 
and La-Nina years for the period 1875-1997.  

          
It is observed from Table 4 that, the probability of 

the sub-divisional rainfall being excess or normal during 
El-Nino years is very high (0.93). The probability of NE 
monsoon  rainfall being excess in La-Nina years is very 
low, only about 0.09.  

4. Conclusions 
 

(i) The composite area-weighted rainfall for the five 
meteorological sub-divisions forming the core region of 
the NE monsoon area, shows statistically significant 
difference for El-Nino years and La-Nina years. The 
composite NE monsoon rainfall for El-Nino years during 
1875-1997 is 11% higher than the respective Long Period 
Average (LPA) whereas the composite NE monsoon 
rainfall for the La-Nina years is 6% lower than the LPA.   
        
(ii) On the other hand, the composite all-India north-east 
monsoon rainfall does not show statistically significant 
difference in the rainfall between El Nino and La-Nina 
years.  This seems to indicate that the rainfall outside the 
south-eastern peninsula (core region of north-east 
monsoon area) is influenced, to a greater extent, by other 
parameters. 
        
(iii) The lagged correlations between the area-weighted 
NE monsoon rainfall for the five meteorological sub-
divisions receiving the NE monsoon rainfall and the 
monthly SST anomalies over the three Nino regions of the 
Pacific Ocean oscillate with time. The correlations during 
the winter and pre-monsoon months (January to April) of 
previous year are negative, which change to positive 
during May to October of the concurrent year and then 
subsequently changing to negative values. The correlation 
during May to October of the concurrent year is positive, 
significant at 95% level of significance.   
         
 
(iv) An analysis of the spatial distribution of the 
composite rainfall for El-Nino (La-Nina) years shows 
higher (lower) than normal rainfall over peninsular India. 
This effect is more prominently observed for the five 
meteorological sub-divisions forming the core region of 
the NE monsoon area. In 1997 (a year of the most intense 
El-Nino event of the 20th century), this effect was the most 
spectacular. 
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(v) The probability of the sub-divisional NE monsoon 
rainfall being excess or normal (deficient) during El-Nino 
(La-Nina) years is very high (low). 
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