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An analysis of the mean monthly data of 124 years reveals that the relationship between the South-

ern Oscillation Index in September and the winter monsoon rainfall (WMR) over Coastal Andhra

Pradesh (CAP) is variable and non-stationary. In the recent four decades, however, SOI (Sept)

is negatively and significantly correlated with CAP WMR. A similar analysis is performed using

50 years of mean monthly SSTs over Nino-3.4 region in August and September and CAP WMR to

detect a possible relationship and there is a striking positive relation between them. In both of the

above cases, the September signal is more significant in the recent four decades than for the other

months and seasons for probable prediction of CAP WMR. Finally, to examine the influence of

SO on the winter monsoon rainfall, a non-parametric test “Mann-Whitney Rank Statistics” test

has been applied to the rainfall associated with extreme positive and negative SOI events.

1. Introduction

Rainfall during October through December is

referred to as winter monsoon rainfall when

southwesterlies of summer monsoon are replaced

by northeasterlies. It influences prime agricul-

tural activity over five meteorological subdivi-

sions over south India comprising coastal Andhra

Pradesh, Rayalaseema, south interior Karnataka,

Kerala and Tamilnadu (Srinivasan and Rama-

murty 1973; De and Mukhopadhyaya 1999). In

the Coromandal coast, Tamilnadu and coastal

Andhra Pradesh receive up to 60% of the total

annual rainfall during the winter monsoon. The

crop yield in the rabi, which depends on the

WMR is more than that of the kharif, particu-

larly in coastal Andhra Pradesh. Thus this rain-

fall is very important for the above subdivision

and it is more crucial when the summer monsoon

fails.

There are several studies, which have exam-

ined the relation between SOI and Indian sum-

mer monsoon rainfall (Sikka 1980; Rasmusson

and Carpenter 1983; Shukla and Paolino 1983;

Parthasarathy and Panth 1985; Ropelewski and

Halpert 1989 and Mooley 1997). But the rela-

tion between them has been weak in the last two

decades (Krishna Kumar et al 1999). Studies of the

influence of SOI on WMR are, however, meagre.

Recent work concludes that the SOI is negatively

correlated with WMR in south India (Ropelewski

and Halpert 1987; Singh and Chattopadhyaya

1998; Nageswara Rao 1999) and Nino-3.4 SST is

positively correlated (Jayanthi and Govindachari

1999). These studies, however, used seasonal val-

ues of SOI and Nino-3.4 SST and limited data.

But no special attempt is made for coastal Andhra

Pradesh.

In this note, we use monthly values of SOI and

Nino-3.4 SST instead to show that it is the values

for September that are best correlated with WMR

over coastal AP.

2. Data and analysis

The sources of data sets used in this study are

IITM, Pune for WMR (October–December) over
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coastal Andhra Pradesh; Bureau of Meteorology,

Australia for SOI and NOAA website for SST over

Nino-3.4 region. The period of the data sets of rain-

fall and SOI is 124 years (1876–1999), while that

of SST data is from 1950 to 1999.

The correlation coefficients between the SOI of

individual months (January–September) and dif-

ferent seasons and CAP WMR are evaluated. Fur-

ther, the stationarity of the above relations is

tested using 20-year sliding correlation coefficients.

The correlation values of 0.38, 0.46 and 0.54 for

20-year samples are significant at 10%, 5% and

1% respectively. The Mann and Whitney rank test

is applied for the rainfall amounts when the sig-

nal is extreme (De and Mukhopadhyaya 1999).

Extreme positive and negative events are evalu-

ated based on plus or minus one standard devia-

tion.

Next, the SSTs over Nino-3.4 region in individ-

ual months (January–September) and seasons for

50 years are related with the WMR like SOI; it is

found that August/September SST in the Nino-3.4

region is related positively and significantly with

the WMR. Thus both SOI and SST in September

are precursors for the ensuing CAP WMR.

Finally, data relating to the frequency of cyclonic

systems over the Bay of Bengal during October–

December crossing the Andhra coast corresponding

to the extreme events of September SOI and SSTs

are extracted from the cyclonic tracks (India Mete-

orological Department 1979) and weather reports

published by the India Meteorological Department,

Pune.

3. Results and discussion

The winter monsoon rainfall over coastal Andhra

Pradesh is related to the SOI in different months,

January through September for the study period

and the correlation coefficients are negligible. A 20-

year sliding window is used to compute the corre-

lations which show that SOI in individual months

demonstrates better correlations when compared

to seasonal values (table 1). SOI for April from

1970 and May from 1963 and July and August from

1966 onwards maintains significant inverse relation.

While the inverse relation between the SOI (Sep-

tember) and rainfall is dominant in the recent four

decades (1958 onwards) (figure 1 and table 1). The

total correlation between these two parameters for

the 4 decades is −0.48, which is significant at 1%

level.

Table 2 reveals that there are eight years with

extreme negative SOI (values less than or equal to

mean minus one standard deviation) and another

eight years with extreme positive values (values

greater than or equal to mean plus one standard

deviation). The Mann-Whitney rank test (De and

Mukhopadhyaya 1999) is performed for the rainfall

associated with the extreme positive and extreme

negative SOI episodes during the above 16 years.

The test statistic value is 2.1, which is signifi-

cant at 5% level. The inverse relation is clearly

seen in 12 years out of 16 years. Coastal Andhra

Pradesh received an average amount of 300.9 mm

rainfall (22% deficit) during positive SOI episodes

and an average amount of 494.7 mm rainfall (28%

excess) during negative SOI episodes. This indi-

cates a shift towards wetter (drought) conditions in

relation to the extreme negative (positive) SOI in

September.

The correlations between the Nino-3.4 SSTs for

different months January–September and for dif-

ferent seasons showed, in general, a positive ten-

dency with WMR over coastal Andhra Pradesh

during 1950–1999. Correlations with 20-year slid-

ing window show that the positive relationship is

highly remarkable in the recent four decades (1959

onwards) particularly for September and the cor-

relations in the recent four decades range from

0.37 to 0.66 (figure 2, table 3). The overall cor-

relation coefficient for the recent four decades is

0.39, which is significant at 5% level. From 1966

onwards the relationship between the August SSTs

and rainfall is significant and the correlations vary

from 0.49 to 0.71. The SSTs in April, May, June

and July have been maintaining significant posi-

tive relationships from 1971, 1968, 1968 and 1966

respectively. When compared to the relationships

corresponding to different seasons, the relation-

ships with the individual months September and

August are more effective. Singh and Chattopad-

hyay (1998) also related the Nino 3 and 4 SST

in different seasons with WMR over Tamilnadu

and south Peninsular India. Their correlations are

less and range from 0.25 to 0.53. Further, Jayan-

thi and Govindachari (1999) obtained a correla-

tion of 0.66 between the total Nino-3.4 SST during

January through August and WMR over Tamil-

nadu for the period of 20 years (1978–1997) and

reported 10-year lag correlations ranging from 0.3

to 0.8. The September SST positive tendency with

the rain in this study is appreciable and will be

useful to assess the WMR over coastal Andhra

Pradesh.

There are six extreme positive Nino-3.4 SST

(September) events (1965, 1972, 1979, 1982, 1987,

1997) and seven extreme negative Nino-3.4 SST

events (1964, 1970, 1973, 1975, 1988, 1998 and

1999). The average WMR over coastal Andhra

Pradesh in the extreme positive events is 112%

of the long term mean WMR, while that in the

extreme negative events is 81% of mean WMR.

The high rainfall over the Coromandel coast of

India is due to equatorial trough and the distur-
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Table 1. 20-year sliding correlations between winter monsoon rainfall over coastal Andhra Pradesh and SOI in different

months and seasons.

Year Dec Jan Feb Mar Apr May Jun Jul Aug Sep DJF MAM JJA JJAS

1950 .10 −.28 −.14 −.15 −.06 .11 .10 .17 .17 −.05 −.14 −.02 .16 .11

1951 .09 −.21 −.04 −.15 .00 .11 .11 .26 .17 −.11 −.07 .01 .21 .12

1952 .20 −.13 −.04 −.24 −.11 .04 .13 .20 .09 −.23 .00 −.12 .16 .05

1953 .20 −.10 .01 −.22 −.17 −.05 .02 .04 .01 −.31 .04 −.18 .02 −.08

1954 .19 −.09 .01 −.23 −.17 −.11 .00 .03 −.03 −.34 .04 −.22 .00 −.10

1955 .14 −.12 −.03 −.26 −.18 −.12 −.01 .01 −.03 −.35 −.01 −.24 −.01 −.11

1956 .13 −.13 −.03 −.23 −.14 −.12 .01 .04 .01 −.29 −.02 −.21 .02 −.08

1957 .23 −.09 .01 −.17 −.21 −.24 −.07 −.14 −.18 −.37 .05 −.26 −.15 −.22

1958 .26 −.07 .00 −.20 −.23 −.35 −.12 −.15 −.27 −.45 .07 −.31 −.19 −.28

1959 .35 .05 .14 −.15 −.19 −.33 −.14 −.20 −.31 −.43 .21 −.28 −.24 −.30

1960 .32 .00 .09 −.14 −.19 −.32 −.16 −.23 −.36 −.45 .16 −.27 −.28 −.33

1961 .33 .00 .08 −.13 −.17 −.31 −.18 −.22 −.35 −.43 .16 −.25 −.27 −.33

1962 .34 −.01 .10 −.09 −.15 −.33 −.21 −.24 −.36 −.44 .17 −.22 −.29 −.34

1963 .27 −.14 .08 −.07 −.17 −.43 −.21 −.23 −.34 −.44 .09 −.26 −.28 −.33

1964 .27 −.08 .11 −.03 −.15 −.44 −.19 −.23 −.33 −.44 .11 −.23 −.27 −.32

1965 .22 −.11 .08 .03 −.09 −.42 −.11 −.21 −.29 −.40 .07 −.18 −.22 −.28

1966 .20 −.14 .11 .06 −.14 −.46 −.26 −.41 −.39 −.56 .06 −.20 −.39 −.45

1967 .20 −.10 .11 .10 −.12 −.44 −.25 −.41 −.41 −.56 .08 −.16 −.39 −.46

1968 .02 −.07 .07 .00 −.32 −.62 −.37 −.50 −.47 −.59 .02 −.36 −.48 −.53

1969 .04 −.05 .11 −.03 −.31 −.65 −.31 −.54 −.52 −.65 .04 −.37 −.51 −.56

1970 −.08 −.02 .10 −.11 −.39 −.70 −.40 −.59 −.45 −.61 .01 −.46 −.54 −.57

1971 −.08 −.09 .01 −.13 −.42 −.64 −.35 −.60 −.46 −.60 −.05 −.46 −.52 −.56

1972 .01 −.06 .08 −.07 −.39 −.64 −.35 −.60 −.43 −.60 .02 −.45 −.51 −.55

1973 −.08 −.16 .01 −.17 −.42 −.60 −.34 −.57 −.39 −.55 −.08 −.46 −.48 −.52

1974 −.10 −.17 −.01 −.17 −.41 −.59 −.32 −.56 −.38 −.55 −.10 −.45 −.47 −.51

1975 .02 −.10 .08 −.14 −.47 −.62 −.34 −.60 −.44 −.59 .00 −.50 −.52 −.56

1976 .02 −.10 .08 −.16 −.51 −.62 −.38 −.70 −.53 −.69 .00 −.55 −.62 −.67

1977 −.24 −.16 −.01 −.27 −.51 −.65 −.31 −.59 −.43 −.59 −.14 −.61 −.50 −.55

1978 −.20 −.15 .00 −.27 −.51 −.63 −.32 −.61 −.43 −.58 −.11 −.60 −.50 −.55

1979 −.28 −.22 −.15 −.32 −.55 −.58 −.21 −.47 −.33 −.50 −.23 −.61 −.37 −.42

1980 −.32 −.26 −.19 −.36 −.56 −.59 −.23 −.48 −.34 −.50 −.27 −.62 −.39 −.43

Dec: December (previous year)

DJF: December (previous year)–January–February

MAM: March–April–May

JJAS: June–July–August–September.

bances in the equatorial trough and the adjoining

easterlies (Subbaramayya 1976). They influence

the east coast by contributing a lot of precipi-

tation. It is a fact that during ENSO events the

cyclonic activity is concentrated in the southern

latitudes. The number of Bay of Bengal cyclonic

systems crossed along the coastal Andhra Pradesh

(14

◦

–19

◦

N) during October–December is shown in
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Figure 1. 20-year sliding correlation coefficients between winter monsoon rainfall over coastal Andhra Pradesh and SOI in

September.

Table 2. Winter monsoon rainfall amounts over coastal Andhra Pradesh subdivision dur-

ing extreme negative and positive phases of SOI.

Extreme positive SOI (September) Extreme negative SOI (September)

Rainfall Normalized Rainfall Normalized

Year in mm value of SOI Year in mm value of SOI

1964 215.7 1.3 1965 146.8 −1.3

1970 207.0 1.2 1972 539.0 −1.4

1971 239.5 1.5 1976 620.1 −1.2

1973 333.8 1.2 1982 354.0 −2.0

1974 296.8 1.1 1987 663.9 −1.0

1975 420.2 2.1 1991 487.9 −1.5

1988 167.2 1.8 1994 702.7 −1.6

1998 527.3 1.0 1997 443.4 −1.4

Average = 300.9 Average = 494.7

Mean value during 1959 to 1999 = 385.4mm

table 4. The total number of cyclonic systems that

crossed the coast in the extreme positive and neg-

ative SOI events are 9 and 10 respectively. The

severity of the cyclonic systems in the negative SOI

events is more, which contributes a lot of precipi-

tation to the coastal Andhra Pradesh.

Most of the extreme negative/positive SST

events are the extreme positive/negative SOI

events. The number of cyclonic systems that

occurred is the same (seven) for all the extreme

positive and negative SST events. The intensity of

the cyclonic systems is more in the case of positive

SST events like negative SOI events.

4. Conclusions

Two important points can be drawn from the above

study. Monthly SSTs over Nino-3.4 as well as SOI

work better when compared to the seasonal indices.

These two parameters in September are the key

factors for assessing the winter monsoon rainfall

over coastal Andhra Pradesh.
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Table 3. 20-year sliding correlations between winter monsoon rainfall over coastal Andhra Pradesh and SSTs (Nino-3.4) in

different months and seasons.

Year Dec Jan Feb Mar Apr May Jun Jul Aug Sep DJF MAM JJA JJAS

1950 *** .34 .33 .41 .16 .23 .16 −.13 −.07 −.09 *** .30 −.03 −.05

1951 .22 .28 .32 .37 .10 .22 .18 −.05 −.01 −.04 .28 .27 .03 .01

1952 .22 .26 .36 .36 .18 .25 .23 .02 .09 .04 .28 .29 .11 .09

1953 .16 .21 .32 .34 .22 .32 .31 .13 .19 .14 .23 .32 .21 .19

1954 .12 .18 .29 .32 .25 .33 .31 .14 .19 .17 .19 .34 .22 .21

1955 .15 .21 .31 .34 .26 .34 .32 .15 .20 .17 .22 .35 .22 .21

1956 .14 .22 .30 .34 .25 .33 .27 .12 .17 .15 .21 .34 .19 .18

1957 .09 .12 .21 .31 .22 .25 .28 .20 .25 .28 .13 .29 .26 .27

1958 .09 .12 .23 .34 .29 .32 .33 .28 .36 .33 .14 .35 .34 .34

1959 −.02 −.02 .11 .23 .24 .28 .30 .28 .35 .37 .01 .28 .32 .34

1960 .00 .00 .15 .26 .29 .33 .30 .25 .34 .37 .04 .32 .31 .34

1961 .00 .01 .14 .26 .32 .34 .29 .25 .35 .38 .04 .34 .32 .34

1962 −.01 .02 .16 .27 .33 .35 .31 .27 .37 .37 .04 .35 .33 .35

1963 .00 .04 .19 .31 .37 .37 .29 .26 .34 .39 .06 .39 .31 .34

1964 −.03 .00 .12 .20 .27 .29 .26 .25 .34 .39 .03 .27 .30 .33

1965 .05 .07 .16 .21 .25 .25 .24 .23 .32 .35 .09 .25 .28 .30

1966 −.06 .00 .11 .18 .24 .30 .32 .43 .54 .53 .01 .25 .45 .49

1967 −.11 −.04 .07 .13 .21 .30 .31 .42 .54 .54 −.04 .22 .44 .48

1968 −.02 .06 .19 .25 .31 .42 .49 .57 .66 .62 .07 .34 .60 .61

1969 −.09 .00 .12 .21 .32 .49 .57 .65 .72 .66 .00 .36 .67 .67

1970 −.01 .03 .11 .23 .34 .44 .57 .67 .70 .66 .04 .35 .67 .67

1971 .04 .08 .16 .27 .44 .48 .56 .66 .69 .63 .09 .41 .65 .66

1972 −.02 .04 .10 .23 .41 .48 .56 .67 .70 .62 .04 .39 .66 .66

1973 .09 .13 .19 .30 .42 .48 .54 .65 .66 .56 .13 .41 .63 .62

1974 .12 .16 .22 .32 .41 .46 .54 .65 .67 .57 .17 .41 .64 .63

1975 .08 .10 .13 .25 .37 .41 .51 .60 .66 .53 .10 .36 .61 .60

1976 .08 .10 .14 .26 .38 .44 .57 .65 .71 .58 .11 .38 .67 .66

1977 .17 .22 .19 .31 .47 .50 .59 .66 .69 .52 .20 .44 .67 .65

1978 .16 .20 .18 .30 .47 .50 .57 .60 .62 .46 .18 .45 .62 .59

1979 .24 .29 .25 .35 .47 .50 .46 .46 .49 .35 .26 .46 .48 .46

1980 .28 .33 .29 .38 .49 .52 .48 .49 .51 .38 .30 .48 .51 .48

Dec: December (previous year)

DJF: December (previous year)–January–February

MAM: March–April–May

JJAS: June–July–August–September.
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Figure 2. 20-year sliding correlation coefficients between the winter monsoon rainfall over coastal Andhra Pradesh and

Nino-3.4 SSTs in August and September.

Table 4. Number of cyclonic systems crossed during

October–December in the latitude belt 14

◦

–19

◦

N.

Extreme positive SOI Extreme negative SOI

(September) (September)

Number of Number of

cyclonic cyclonic

Year systems Year systems

1964 1d 1965 Nil

1970 Nil 1972 1ss, 1d

1971 1d 1976 2ss, 1s

1973 Nil 1982 1s

1974 2d 1987 2ss, 1s

1975 1d 1991 Nil

1988 1d 1994 1d

1998 1ss, 2d 1997 Nil

Total= 1ss, 8d Total= 5ss, 3s, 2d

d - depression; s - storm; ss - severe storm.
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