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ABSTRACT. The North-East (NE) monsoon is one of the importarhponents of Indian climate system. The
aerial extent of NE monsoon generally extends seeth-eastern peninsular India. The following fiueteorological
sub-divisions of Indiaviz. coastal Andhra Pradesh, Rayalaseema, southoint€darnataka, Kerala and Tamil Nadu
receive significant amount of rainfall during th& Khonsoon. In the present study, using a longgdetata series 1875-
1997, the variability of NE monsoon rainfall ovelush-eastern peninsula and whole India, is studibé.association of
NE monsoon rainfall with EI-Nino and La-Nina ye#salso analysed. It is observed that, the NE mamsainfall, over
the south-eastern peninsular India is higher (Ipwen normal, during EI-Nino (La-Nina) years. Alsbe probability of
NE monsoon rainfall over this region being excessasmal during EI-Nino years is very high, 0.93.
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1. Introduction There have been a number of studies discussing the
statistical  properties of NE monsoon [Srinivasamd
The North-East (NE) monsoon season (October toRamamurthy, (1973 a&b); Rao (1953); Dheiral. (1982
December) is the principal rainy season for thettsan a&h); Sontakke (1993); Singh and Sontakke (199D§.
region of the Indian peninsula, particularly, thestern et al. (1992), have studied the intra-seasonal variatibn
half of it. In the state of Tamil Nadu, it is theain rainy rainfall during NE monsoon in relation to circutati
season which accounts for about 60% of the annualfeatures for the period 1975-85. They observet thaen
rainfall in the coastal districts and about 4096090 of during the years of normal or above normal rainfaells
the annual rainfall in the interior districts ofettstate  of above normal rainfall occurred for only two torde
[Srinivasan and Ramamurthy (1973b)]. The aeriaémixt weeks in a season over the southern peninsulas Stiny
of the NE monsoon generally extends over the five has also shown that there is no significant peciodin
meteorological sub-divisions of Indiéz., coastal Andhra  the rainfall in the NE monsoon season and the auto-
Pradesh, Rayalaseema, south interior Karnatakaal&er correlations decrease very rapidly with increasiimge.
and Tamil Nadu (Fig. 1). Though the NE monsoon is Ropelwski and Halpert (1987) have reported an ecgtin
marked by a limited aerial extent and gives re@yiv. ENSO-related winter monsoon precipitation in ex@em
lesser quantum of rainfall as compared to thatnduthe southern India. Sridharan and Muthuswamy (1990 ha
South-West (SW) monsoon, it is important for the observed that on 90% of occasions, EI-Nino yeasslied
agriculture and hydrology of the Indian southern in normal or above normal rainfall over Tamil Nadu
peninsula. during NE monsoon period. Singh and Sontakk&9)

(419)
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! ' - the sub-divisional rainfall data for 1875 to 19@vchived

by the India Meteorological Department are useantr
these data, the following two long-time series ahfall

for October to December (October-November-December
OND) season and the months of October, November and
December are computed (1) for all-India (2) fovefi
meteorological sub-divisions forming the core regiof

NE monsoon areaviz, coastal Andhra Pradesh,
Rayalaseema, south interior Karnataka, Kerala aamilT
Nadu. This series is hereafter, referred to as‘she-
divisional NE Monsoon Rainfall. From these dattag
Standardized Rainfall Anomaly (SRA) of the seasonal
(October to December) rainfall is computed for egear

of the period 1875 to 1997. This SRA is defined as
. SRA= X-X ,

()

SOUTH INT,
KARNATAKA

where X : the seasonal OND rainfall of any year,

75 (80'E

Fig. 1. Meteorological sub-divisions of India receiving X : Mean OND rainfall for 1875 to 1997, and
significant rainfall during NE monsoon season

0 : Standard deviation of the rainfall series.
have proposed the region demarcated by the Indiar?: ~ Discussion
Peninsula south of ®5N, as the region of ‘South
Peninsula’ in the context of studies on variabilityy NE
monsoon season rainfall. This region constitutesua
12% of the total area of India. De and Mukhopaghya
(1999) have found that an ENSO year is associaitdd w
enhanced NE monsoon precipitation while an anti-GBNS . . .
year is associated with reduced precipitation.adty and The years for which the SRA is > +1 are designated

Govindachari (1999) have reported that, out of BRlio as the years of excess rainfall and those yearwlfrixrh ,
years during 1901-1997 in 17 years (on 77% of dooa} the SRA is <-1 are designated as the years of deficient

Tamil Nadu received above normal rainfall. With sthi rainfall. The rest of the years are designatethayears

backdrop, a study of variability of NE monsoon olratia of normal rainf(i"gg(;/\/iltg;gislggtjriigé;helrgggmlaégl1

. A, excess years , , , , , ,
and its related aspects are presented in this .study 1003, 1922, 1930, 1932, 1039, 1940, 1944, 19466195
1969, 1972, 1977, 1987, 1993, 1994, 1996 and 186d)
2. Dataand methodology 19 years of deficient rainfall (1875, 1876, 188B91,

1899, 1900, 1904, 1908, 1909, 1926, 1927, 19387,194

The principal aim of this study is to build up agp 1949, 1951, 1974, 1984, 1988, 1989), during theoger
time (1875-1997) data series of the area weighaetfall under study. The highest value (55.19 cm) of tlsseal
for the NE monsoon season, October-November- rainfall is observed in 1993 while the lowest va(tlélZ
December (OND) for the five meteorological subdiMis €M) is observed in 1876. Thus the range of thefakiis
of |ndia, forming the core region of NE monsoon and 45.07 cm. A similar criterion for the all-Indiainéall
India as a whole. It is also aimed to examine thssiple ~ Series yields 15 years of excess rainfall (1894319916,
linkage between the activity of NE monsoon and Edy 1917, 1928, 1931, 1946, 1955, 1956, 1958, 19775,198
if any. For this purpose, the composite NE monsoon1987, 1990 and 1997) and 16 years of deficientfatin
rainfall for the El Nino and La-Nina years undeudst, is (1875, 1876, 1881, 1891, 1896, 1899, 1900, 1906719
assessed. Also, the coefficients of correlatiawben the 1908, 1909, 1918, 1920, 1926, 1935 and 1965), guhie
NE monsoon rainfall and the Sea Surface TemperaturePeriod under study. The highest value of All-IndN&
(SST) over the Pacific Ocean are computed and sedly ~Monsoon Rainfall (AINMR) (21.26 cm) occurred in 185
For the computation of area-weighted rainfall fovet and the lowest value (5.15 cm) occurred in 190&wsT
whole India and for the five meteorological subisions,  the range of the rainfall is 16.11 cm.

3.1. Variability of NE monsoon rainfall

Figs. 2 and 3 depict the values of SRA for all-indi
and sub-divisional rainfall respectively.
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Fig. 2. Interannual variability of all-India NE monsoondi@ber to December) rainfall (1875-1997)
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Fig. 3. Interannual variability of NE monsoon (Octobeitecember) rainfall (area-weighted for five subisins) (1875-1997)

From Table 1, it is evident that, the all-India mea
rainfall during NE monsoon season (October to
December) is 12.0 cm and its standard deviati@dsm.
Thus, the coefficient of variation works out to B8%.
For sub-divisional NE monsoon rainfall, the meainfedl
is 34.9 cm with standard deviation 9.3 cm. Intiéngdy,
the coefficient of variation for both, all-India érsub-
divisional NE monsoon rainfall is almost the same.
During the period 1875-1997, there are 29 El-Niearg
[as identified by Quinnet al. (1987) and Rasmusson and
Carpenter (1983) and later updated] and 23 La-Mewas
[as identified by Van Loon and Shea (1985)]. Tt dif
these EI-Nino and La-Nina years [Mooley (1997)] is
presented in Table 2.

The composite sub-divisional NE monsoon rainfall
for EI-Nino years is 11% higher than the Long Perio
Average (LPA) whereas the composite rainfall for- La
Nina years is 6% lower than the LPA. The diffelenc
between the composite sub-divisional NE monsoon
rainfall for EI-Nino and La-Nina years, has beested for
significance by applying the non-parametric Mann-
Whitney Rank statistics test. It is observed thhts
difference is significant at 5% level. For AINMRhe
composite for EI-Nino years is lower than the LPAS8%6
and that for La-Nina years is lower than the LPA18y.
The difference between the composite all-India NE
monsoon rainfall, for EI-Nino and La-Nina vyears,
however, when tested for significance by appion 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 rainifal
Mean 34.9cm 12.0cm
Standard deviation 9.3cm 34cm
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 EI-Nino years 38.7 cm 11.5cm
% of LPA +11% -5%
Mean composite for La-Nina years 33.0cm 11.9cm
% of LPA —-6% -1%

TABLE 2 TABLE 3

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

EI-Nino Years

La-Nina Years

1877
1880
1884
1887
1891
1896
1899
1902
1905
1911
1914
1918
1923
1925
1929
1930
1932
1939
1941
1951
1953
1957
1965
1969
1972
1976
1982

1987
1997

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

over thefive meteorological sub-divisions

1886 All-India rainfall Sub divisional rainfall
1889 -India raintal u Ivisional rainfa
__(a) CC between monthly and seasonal rainfall
1892
1898 Oct — OND 0.8
1903 Nov — OND 0.5
1906 Dec — OND 0.3
1908 (b) CC between All-India and sub-divisional rainfall
1916 oot 05
1920 ¢ '
1924 Nov 0.8
1931 Dec 0.6
1938 OND 0.6
1942
1949
1954 , . _—
1064 Mann-Whitney test is observed not to be statidiical
significant.
1966
1970 . - .
Table 3(a) depicts the Coefficients of Correlation
1973 S
1675 (CC) between the monthly and seasonal sub-divisiona
1978 rainfall. The CCs are positive. It is observed tliat the
1983 sub-divisional rainfall, all the months (Octobeigwémber
1988 and December) contribute significantly to the seako

rainfall, the CC between November and OND rainfall
being the highest. For AINMR, the highest coriielats

observed for the month of October.

These CCs are

significant at 5% level of significance. Table Btepicts
similar table for the AINMR and sub-divisional réaf.
This correlation is the highest for the month ofvidmber.
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Fig. 4. Coefficients of correlation (CC) between NE mars¢OND) rainfall and SST over Nino

regions (1961-98)
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Figs. 5(a&b). Spatial distribution of composite NE monsoon (ber to December) rainfall (percentage departuwe fnormal) over
India (1961-97). The area of negative departutaished

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) parameterstis t
highest during the post-monsoon season [Walker4}92

Chattopadhyay and Bhatla (1996)]. Hence, in oider
examine the relationship of the rainfall during fgos
monsoon season (October to December) with ENSO, the
coefficients of lag correlation between the SRAsob-
divisional rainfall (OND) and the Sea Surface
Temperature (SST) anomaly over the three key ragidn
Pacific viz, Nino 1+2, Nino 3 and Nino 4 are computed,
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1997

(a) El-Nino

(b) La-Nina years

Figs. 6(a&b). Spatial distribution of NE monsoon (October tecBmber) rainfall (percentage
departure from normal) over India for two casesheat (a) EI-Nino years and
(b) La-Nina years. The area of negative departihatched

for the period 1961 to 1997. The data of SST ampma over the central and eastern Pacific during Ma@¢tober
over the three Nino regions of the Pacific ocearedzeen  are conducive for higher (lower) winter monsoomfali
obtained from the Climate Analysis Centre, Washingt  over the peninsular India.
USA. Fig. 4 depicts these Coefficients of Correlati
(CCs). Figs. 5(a&b) depicts the composite NE monsoon
rainfall (percentage departure from normal) ovelidrfor
From Fig. 4, it is observed that, for all the thiieo ElI-Nino years and La-Nina years during 1961 to 1997
regions, the nature of evolution of the CCs is EimiThe respectively. (Table 2), They show contrasting uess.
CCs during the pre-monsoon months (March to May) of The composite for EI-Nino years shows positive fadin
the previous year are negative (but, not statifyica departure (indicating higher than normal rainfaNjer all
significant), these become positive thereafter @nttinue the five meteorological sub-divisions, forming there
to increase. Statistically significant positive £@re region of NE monsoon area. The north eastern megfo
observed during May to October of the concurrergrye India shows lower than normal NE monsoon rainfad,
The CCs decrease rapidly, thereafter, and becomeandicated by negative rainfall departure valueg[FEi(a)].
insignificant. Thus, warmer (cooler) than norm&TS On the other hand, the composite for La-Nina yshomwvs
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TABLE 4

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

Excess Normal Deficient
Rainfall years Rainfall years Rainfall years Total

El-Nino years 11 16 2 29

La-Nina years 2 17 4 23

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

Total 24 80 19 123
negative rainfall departure (lower than normal faih 4. Conclusions
over peninsular India and positive rainfall anomsli
(higher than normal rainfall) over north eastermdidn (i) The composite area-weighted rainfall for the five

[Fig. 5(b)]. A similar kind of rainfall features @iobserved
in case of the individual EI-Nino and La-Nina years
forming the respective composites. As an example, t
cases of each EI-Nino years (1987 and 1997) andiha-
years (1983 and 1988), are presented in Fig. 6987 as
well as in 1997 (both being EI-Nino years), thenfali
over south-eastern peninsular region of India wighédr
than normal. On the other hand, in 1983 and in 1883
rainfall over south-eastern peninsular region afidnwas
lower than normal (except over Tamilnadu, in 1988)
rainfall over the north-eastern India was higheanth
normal.

A study by De and Mukhopadhyay (1999) has
revealed that the tracks of low-pressure systentisaiBay
of Bengal, during the ENSO years, are more westlexy
those during anti-ENSO years. Thus, during EI-Nino
years, the number of low-pressure systems affedtieg

meteorological sub-divisions forming the core regiof

the NE monsoon area, shows statistically significan
difference for EI-Nino years and La-Nina years. The
composite NE monsoon rainfall for EI-Nino yearsidgr
1875-1997 is 11% higher than the respective LonipBe
Average (LPA) whereas the composite NE monsoon
rainfall for the La-Nina years is 6% lower than tteA.

(ii) On the other hand, the composite all-India newdkt
monsoon rainfall does not show statistically siigaifit
difference in the rainfall between El Nino and La&l
years. This seems to indicate that the rainfaifide the
south-eastern peninsula (core region of north-east
monsoon area) is influenced, to a greater extgngther
parameters.

(iii) The lagged correlations between the area-weighted
NE monsoon rainfall for the five meteorological sub

Tamil Nadu/Andhra Pradesh coasts is higher thah thadivisions receiving the NE monsoon rainfall and the

during La-Nina years, during which, the low-pressur
systems have a higher tendency to recurve. Alsonglu
the La-Nina years, the surface wind anomalies diaim

monthly SST anomalies over the three Nino regidrith®
Pacific Ocean oscillate with time. The correlatichsing
the winter and pre-monsoon months (January to Apfil

Ocean are westerly indicating weaker than normal NEprevious year are negative, which change to pesitiv

monsoon circulation. (Ropelwski and Halpert, 1989).
These factors may contribute to higher (lower) than
normal rainfall over the south-eastern peninsidgian of
India during EI-Nino (La-Nina) years.

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

It is observed from Table 4 that, the probabilify o
the sub-divisional rainfall being excess or normating
El-Nino years is very high (0.93). The probabilify NE
monsoon rainfall being excess in La-Nina yearseis/
low, only about 0.09.

during May to October of the concurrent year anginth
subsequently changing to negative values. The ledioe
during May to October of the concurrent year isipas
significant at 95% level of significance.

(ivy An analysis of the spatial distribution of the
composite rainfall for EI-Nino (La-Nina) years show
higher (lower) than normal rainfall over peninsuladia.
This effect is more prominently observed for theefi
meteorological sub-divisions forming the core regif
the NE monsoon area. In 1997 (a year of the moshse
El-Nino event of the ZBcentury), this effect was the most
spectacular.
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(v) The probability of the sub-divisional NE monsoon Rao, P. R. K, 1953, “Rainfall of Madras state wsfiecial reference to

rainfall being excess or normal (deficient) duriBigNino
(La-Nina) years is very high (low).
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