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Relationship between Indian summer monsoon rainfall and sea surface
temperature anomalies over equatorial central and eastern Pacific
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ABSTRACT. Sea surface iemperature (SST) variations over the three key regions over equatorial Pacific, viz., Nino
(142), Nino 3 and Nino 4 and their relationships with Indian summer monsoon rainfall have been examined in this study. On
monthly scale, SST anomalics over the three key regions show an oscillatory type of lagged correlations with Indian monsoon
rainfall, positive correlations almost one year before the monsoon season (CC's are of the order of 0.3) which gradually change
to significant negative comrelation peaking in September/October during/after the monsoon season. The vaniations on seasonal
scale also exhibit the same pattern of monthly variations but more smooth in nature. Composites of similar monsoon years
show that during deficient (excess) monsoon years SST anomalies over all the three regions have warmer (cooler) trend which
starts about 6 months prior to monsoon season, Tendencies of SST anomalies from previous winter (DJF) to summer (MAM)
seasons over Nino 3 and Nino 4 regions are better predictors than El-Nino categories currently being used in IMD’s operational
LRF model. By using tendency of SST over El- Nino - 4 region, in place of the category of El-Nino, the 16 parameter operational
Power Regression Model of IMD has been modified. The new forecast model shows better reduction in the forecast error.
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1. Introduction

Relationships between the Indian summer monsoon
and El- Nino/Southern Oscillation(ENSQ) phenomenon
have been studied since the early part of this century. Peri-
ods, during which sea surface temperature (SST) in the
central and eastern tropical Pacific Ocean is excessively
warmer than normal, are referfed to as El-Nino. During
El-Nino years, generally the warm SST anomaly first ap-

pears off the coast of Peru and then extends westwards. The
relationship between the variation of SST over the equato-
rial Pacific Ocean and Indian monsoon rainfall have been
studied by a number of investigators (Khandekar 1979,
Sikka 1980, Rasmusson and Carpenter 1983, Mooley and
Parthasarathy 1983, Parthasarathy and Sontakke 1988, and
Verma 1994). These studies in general confirmed that SST
anomalies in the equatorial Pacific were highly corrclated
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Fig.2. Correlation coefficients between all India monsoon rainfall and monthly SST anomalies over the three El-Nino regions
TABLE 1
All India summer monsoon rainfall percentage departure (1951-96)
Year 0 1 2 3 4 5 6 7 8 9
1950 - -19 -8 10 3 10 14 -2 - 10 14
1960 0 22 -3 2 10 -18 -13 0 -10 0
1970 12 4 -24 3 -12 15 L 4 2 19
1980 4 0 15 13 -4 -7 -13 -19 19 I
1990 6 -9 -7 o 10 0 4 - - -

with rainfall over India. In majority cases, all India summer
monsoon rainfall was found below normal during moderate
and strong El-Nino years.

For recent four decades, a good set of data of SST
anomaly over equatorial Pacific are available. Climatic
Analysis Centre, NOAA, Washington, USA publishes
monthly SST anomalies over three key areas over equatorial
Pacific. These areas are called Nino (1+2), Nino 3 and Nino

4 as shown in Fig.1. The temperature variations over these
key areas are considered to be good indicators of El- Nino
acuvity.

In this study we examined the SST variation over these
three key regions and their relationship with Indian mon-
soon rainfall. We have also examined the predictive signal
of 8ST variations over these regions for long range forecasts
of monsoon rainfall over India. Attempts were made to
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Fig.3. Correlation coefficients between all India monsoon rainfall and
seasonal SST anomalies over the three El-Nino regions

identify the best SST anomalies over different Nino regions
as a predictor and used with 16 parameters operational
model of IMD.

2. Data used

Monthly sea surface temperature (SST) data for past 45
years (1951-95) averaged over the three key Nino regions
of equatorial Pacific ocean have been obtained from Climate
Analysis Centre, Washington, USA. Indian monsoon rain-
fall time series as the area weighted seasonal (June-Septem-
ber) rainfall averaged over India as a whole has been
obtained from Thapliyal (1990 and 1996). For ready refer-
ence, the updated monsoon rainfall data for past 45 years
(1951-95) are given in Table 1.

3. Analysis and results

3.1. Relationship between monthly SST anomalies
and monsoon rainfall

Peru Ecuador coast mean monthly SST of previous
August has been identified by Thapliyal (1990) as one of the
predictors for monsoon rainfall over India. For some years,
the India Meteorological Department (IMD) used this as one
of the predictors in its operational multiple regression model
(Thapliyal and Kulshrestha 1992). An attempt is, therefore,
made here to examine the relationship of Indian monsoon
rainfall with the SST of all the 3 key regions of the central
Pacific. Fig.2 shows the lag correlations between the Indian
monsoon rainfall and monthly SST anomalies over the three
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Figd4. Composite SST anomalies over the three El-Nino regions during
the excess/deficient monsoon years
regions based on 35 years (1958-92) data. The correlation
coefficients (CC) gradually change from +ve during the
summer of previous years ¥(-1) to the following winter of
previous year. It is seen from the Fig. 2 that monsoon rainfall
shows positive CC with the SSTs of all 3 Nino regions, from
previous year December. The CC fluctuates around 0.3, The
sign of CC changes rapidly from previous year December
to July of current year when it becomes significantly nega-
tive (r=-0.6). During the current year the maximum nega-
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TABLE 2

Correlation coefficients between Indian monsoon rainfall and SST anomalies du
anomalies from winter to summer
(Period : 1958-93)

ring MAM season and tendencies of SST

S Region MAM Tendency (MAM-DIF)

No -

| Nino (142) )09 -0.26

2 Nino 3 ).24 0.43*

3 Nino 4 o o 001 -0.43* )

*Significant at 99% level
TABLE 3

Standard error for the perind lu-?i 87 and 1988-94 u:mw 16- parameter power regression model

— —_Standard Error (%) -
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1s observed in case of Nino-3 region. | se also, the 4. Utility of SST rendencies for long range
CC’s of SST anomalies during the pren on of forecasting
year Y(0) are insignificant for all three v S =
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3.3. S8T patterns and tendencies duriny o of SST from January 1o March Ecuador coast as a predictor
drought years for monsoon rainfall over India. By using this tendency
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Fig.5. Comparison of monsoon rainfall forecasts of the modified and operational 16-parameter power regression models

using 16 parameters in the power regression model
(Gowariker et al. 1991). We, therefore, made a time series
of tendencies of temperature anomalies (MAM-DIF) for the
three regions separately. These time series were correlated
with monsoon rainfall and the results are shown in Table 2.

It is seen from the table that tendencies of temperature
anomalies in all the three regions exhibit higher correlation
with monsoon rainfall than mean temperature anomalies
during MAM season. Temperature tendencies over Nino 3
and Nino 4 regions have shown higher correlations with
monsoon rainfall compared to the tendency observed in
Nino (1+2) region. Mooley and Paolino (1989) found that
warming/cooling years are mutually exclusive events.

We have further examined the usefulness of these ten-
dency parameters by using them in l6-parameter power
regression model (Gowariker et al. 1991). The 16-parameter
model uses category of EI-Nino in the region Nino (1+2) as
one of the predictors. This parameter has been replaced by
the more objective parameter, SST tendency in different
El-Nino regions, identified for the first time in this study.
To start with, we have estimated the standard errors of the
16 parameters power regression model (Gowariker er al.
1991). Then, the El-Nino categories were replaced by ten-
dencies over Nino (1+2), Nino (3), and Nino (4) regions in
the power regression mode! and standard errors were recal-
culated. The standard errors for the model for sample period
1958-87 and test period 1988-93 are given in Table 3.

It can be seen from Table 3 that when we replace
El-Nino categories (same year) by regional SST tendencies,
the model results improve except for Nino (1+2) region. For
example, if we replace El-Nino category by SST tendencies
over region Nino 4, standard error of the model for test
period (1988-93) is reduced from 8.81 to 7.69%. For Nino

3 region also, results show improvement. Thus it is fair to
argue that SST tendencies over Nino 3 and Nino 4 regions
are better predictors than El-Nino category which is being
used in IMD's operational power regression model for
LRF,

Out of the three El-Nino related parameters namely
El-Nino (category same year and SST tendency over Nino-3
and Nino-4), the Nino-4 SST tendency gives the best results.
Therefore, EI-Nino category in 16 parameters operational
model has been replaced by the Nino-4 SST tendency. Based
on 30 years’ (1961-90) data, the modified power regression
model is given below:

v
R (1) = ~0.5968 - 0.2139 E -03 X,

-1.2

+0.3533 E00 X,
-0.5385 E-01X, *? +0.5533 E-02 X, *°
4.0 40
+0.3294 E 05 X5 *° +0.3935 E-02 X,
+0.4175 E-04 X, +0.1423 E05 X4 ¢
~0.3890 £ 03 Xg *0 +0.6399 E-03 X, *°
~0.1314 E03 X, *°-0.1198 E02 X, **
~0.1140 E02 X3 2 - 0.1499 E00 X, 4

+02735 E03 X5 0 +0.1239 E02 X, **

(n

Where, R 1s monsoon rainfall as percentage of long
period average for India as a whole,
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TABLE 4
Standard error (%) of operational and modified model

S. No. Perod Operational Nino-4 tendency + El-Nino (PR) category
1. 1958-87 3.4 294
2 1988-95 711 6.717
3. 1958-95 4.25 4.05

X| = 50 hPa East-West Ridge,
X, = Eurasian Snow cover,

X4 =500 hPa Ridge,
X4 =May Vidarbha Temperature,

X5 =10 hPa Zonal Wind,
X = March East Coast Temperature,

X, =N. H. Pressure Anomaly,
Xg = Argentina Pressure,

Xg = N.H. Temperature,
X") = S.O.I.

X1 =El-Nino (Previous Year),
X\, = North India Temperature,

X3 = Equatorial Pressure,
X4 =Nino 4 Temperature Tendency,

X5 =Himalayan Snow Cover,
X\ = Darwin Pressure.

Forecasts obtained from the modified and operational
model are shown in Fig.5. It is seen from the Fig.5 that the
performance of both the models is comparable. The root mean
square errors for the different periods are shown in Table 4.

5. Conclusions

(£) On monthly scale, SST anomalies over the three key
Nino areas show an oscillatory type of lagged cor-
relations with Indian monsoon rainfall; positive
correlations almost one year before the monsoon
season (CC's are of the order of 0.3) which gradu-
ally changes to significant negative correlation
peaking in September/October (CC between 0.54
to 0.65), during/after the monsoon season.

(i1) On seasonal scale also SST anomalies show simi-
lar oscillatory type of lagged correlations with
Indian monsoon rainfall as reported for the
monthly SST variations.

(¢ii) During deficient (excess) monsoon years, SST
anomalies over all the three regions show a
warming (cooling) trend which starts about 6
months prior to monsoon season.

(iv) Tendencies of SST anomalies from previous DJF
to MAM seasons over Nino 3 and Nino 4 regions
are better predictors than El-Nino categories cur-
rently being used in the operational LRF model
of IMD. Introduction of SST tendency over Nino-
4 region in the 16- parameter operational power
regression model of IMD has reduced the forecast
errors of the model further.
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