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Abstract

The relationship between All-India summer monsoon rainfall and sea surface tempera
(SSTs) over Arabian sea region for 67 grids of 2° latitude x 2° longitude have been examined fo
the period 1951- 80 to obtain a useful predictor for the monsoon rainfall. The correla
coefficients (CCs) between all-India monsoon rainfall and Seasonal SSTs with different
relative to the monsoon season indicate a systematic relationship.

The average SSTs over the four grids between Lat. 14°N to 18°N and Long. 68°E to 72°E showed
a highly significant CC of 0.4 for lag-1 (MAM) Season and 0.63 for the tendency param
MAM- DJF during the period 1951-80. Inclusion of this parameter in the forecasting schem
Indian monsoon rainfall has been discussed.

1. Introduction

The importance of Indian monsoon rainfall to the country’s economy and also as a m
circulation parameter has motivated many studies during the last century, pertaining
characteristics, variability, teleconnections with regional/global circulation features and
range predictions. Efforts are being made during the last one century about the long-
forecast of Indian monsoon rainfall. Recently, Parthasarathy et al. (1988) and Gowariker
(1989, 1991) have made a comprehensive study of many parameters related to the
monsoon rainfall and developed regression equations. However, the search for new para
continues, as no forecasting scheme is as yet consistently successful over a period of time
sixteen- parameter model developed by Gowariker et al. (1991), the SSTs over Indian regio
not been considered. There is sufficient evidence both on empirical and theoretical basis to b
that sea surface temperatures exert significant control over the atmosphere. Many worke
Ranjit Singh (1983), Joseph and Pillai (1984), Rao and Goswamy (1988), Vinayachandra
Shetye (1991), Sadhuram et al. (1991) have brought out the importance of SST over Arabi
as an input parameter for the Indian monsoon rainfall.

In view of the importance of the SSTs over the Arabian sea for the development of the mon
a detailed study of the relationships between All-India monsoon rainfall and the space
variability of the SSTs over Arabian sea has been made for the period 1951-80, to obtain
predictor for the monsoon rainfall.

2. Details of Data

Earlier studies of Hastenrath (1987) and Parthasarathy et al. (1988) on the relationships b
the Indian monsoon rainfall and regional/global circulation parameters have brought out tha
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length of 30-years is necessary and sufficient to establish a stable correlation for pred
purposes. Further, a period of 30 years is generally considered adequate for establish
climate norms. The present study mainly considers the data period 1951-80, for which exc
data sets on various parameters related to Indian monsoon are available.

2.1 Summer Monsoon Rainfall of India

All India (the country as a whole taken as one unit) and the 29 different meteorolog
subdivsions’ mean summer monsoon (June through September) rainfall data sets hav
prepared by properly area-weighting the rainfall at 306 well- distributed rain gauges over
regions of the country. Parthasarathy et al. (1987, 1990) provide a detailed discussion on
data sets and listing of the data from 1871 onwards. Figure 1 shows a diagram of All-
summer monsoon rainfall for the period 1871 to 1990 prepared by Parthasarathy et al. (1992
seen that during the latest 30-year period (1961-90), the monsoon variability is very
compared to the other period of the data series. During this period there are 9 dry years and
years which have caused great concern to both the Government and the public.

Figure 1. Year-to-year percentage departure from the mean of all-India summer monsoon ra
1871-1990. Excess/deficient years are marked.

2.2 Sea Surface Temperatures Over Arabian Sea

The sea surf ace temperatures (SSTs) of Arabian sea have been obtained from Compre
Ocean Atmospheric Data Sets (COADS). For details the reader may refer to Woodruff
(1987). The data are sorted and stored in 2° Long. x 2° Lat. boxes. The period 1951-80 has bee
chosen since it has the best data coverage. The gridded averages for the 4 different s
seasons (DJF, MAM, JJA, SON) over the region of Arabian sea have been considered be
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4°S to 24°N and 56°E to 72°E comprising of 67 square grids of 2° x 2°. Figure 2 shows the grids
considered for the study over the Arabian sea.

Figure 2. Details of grids (2° Lat. x 2° Long.) considered for the study over the Arabian Bea.

3.  Methodology

To study the association between the Indian summer monsoon rainfall and the SSTs ov
Arabian sea, the simple correlation analysis approach has been used.

To understand the temporal characteristics of the relationships between the SSTs and a
monsoon (JJAS) rainfall, the correlation coefficients (CCs) with Seasonal SSTs upto three la
either side of the monsoon Season has been calculated for the period 1951-80. The mean S
obtained for the Seasons: lag-3 (SON), lag-2 (DJF), lag-1 (MAM), lag 0 (JJA), lag+1 (SO
lag+2 (DJF) and lag+3 (MAM). In addition, the seasonal tendency of SSTs from the prev
winter (lag-2) to the current spring (lag-1), MAM minus DJF (MAM - DJF) has been conside
for correlation analysis.

4. Relationships between SSTs and Indian Monsooon

The CCs between all-India monsoon rainfall and the different seasonal SST values (lag-3 to
and MAM-DJF I of all the 67 grids during the period have been computed and these value
plotted over the surface maps of the Arabian sea and isolines of the correlations are draw
noticed from these correlation maps that a systematic change occurs in CCs as the
advances from lag-3 to lag+3. Fig. 3 shows the CC between all-India monsoon rainfall and
for lag-2 (DJF) over different regions of Arabian sea. It is observed that the correlations
negative and not significant south of 14°N. However, positive CCs are significant over north
18°N. Further, it is noticed that CCs of the order of -0.4 (significant at 5% level) are observed
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a few pockets (4 grids) very near to the Indian coast between 14°N to 18°N and 68°E to 72°E. It is
seen from Fig. 4 that the CCs between all-India monsoon rainfall and SSTs of lag-1 (MAM) s
negative CCs south of 8°N and the rest are positive. Significant CCs with values more than 0.4
seen very close the Indian coast. However, the SST correlation maps for lag 0 to lag+3 in
that a small region consisting of four to eight grids over the Indian coastal region is highly re
with Indian monsoon.

To make a detailed study of the SST values and to prepare a predictor candidate for the mo
rainfall, the arithmetic average of the four grids stated above (14°-18°N; 68°-72°E) has been
computed and the correlations (for lag-3 to lag+3 and MAM-DJF) for the period 1951-80
been prepared and presented in Fig. 5. These CCs show a systematic change as the
advances from lag-3 to lag+3. The CCs of spring season (MAM, lag-1) and tendency para
(MAM-DJF) show a strong spatial coherent association over the Arabian sea region. The po
significant association of SSTs of previous season MAM (lag-1) with all-India monsoon rai
can be understood as the active monsoon condition over the country preceded by strong s
heating of the sea surface during MAM over the coastal Arabian sea.

Figure 3. The correlation map over Arabian sea showing relationship between all-India mon
rainfall and SST for DJF season (Lag-2).
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Figure 4. The correlation map over Arabian sea showing relationship between all-India mon
rainfall and SST for the MAM season (Lag-1).

Figure 5. Relationship between all-India monsoon rainfall and SSTs averaged over the Ar
sea region for different seasons: 1951-80.
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Figure 6. Relationship between all-India monsoon rainfall and SSTs averaged over the Ar
sea region for different months: 1951-80.

In order to make a further detailed examination of the SSTs, the CCs of monthly values ar
calculated and these are shown in Fig. 6. It is seen from this figure, that the monthly CC
highly variable compared to the seasonal CCs. Further, the April CC is significant at 5% leve
the rest are non-significant. Thus, there is a clearly defined signal of the pre-monsoon
affecting the Indian monsoon performance. However, the noise component is noticeable
monthly correlation; therefore, the seasonal values may provide a better representation
signal.

In order to include this SST parameter into the multiple regression equation to forecast the I
monsoon rainfall, the CCs of the other important parameters which are involved in the schem
tabulated in Table 1. The CC values of Arabian sea SSTs are comparable with or higher th
other parameters related to the Indian monsoon. Therefore, the new parameters which hav
brought out here (MAM and MAM-DJF) will be useful one.
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Table 1. Correlation coefficients between all-India monsoon rainfall and different parame
1951-80.

Conclusions

The study of relationships of Indian monsoon rainfall and the SSTs over the 67 grids o
Arabian sea for the period 1951- 80 has brought out the following conclusions:

i) The changes in CCs during the course of the year suggest that large-scale circu
features of the monsoon system may be undergoing a low frequency transition.
ii) Average SST of the four grids over the Arabian sea has brought out a pote
relationship which can be used as one of the parameters for the development o
regression model for forecasting the Indian monsoon rainfall.
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S. No. Parameter Season CC

1. WCI Temperature MAM 0.60

2. Bombay Pressure MAM - DJF -0.70

3. 500mb Ridge April 0.70

4. Darwin Pressure MAM - DJF -0.63

5. Tahiti-Darwin Pressure MAM - DJF 0.43

6. Nouvelle-Agalega Pressure MAM - DJF 0.44

7. SST over Arabian Sea MAM - DJF 0.62

8. SST over Arabian Sea MAM 0.54
345



and
India,

991:
ndia.

Ocean
nsoon

ds in
eriod

soon

dian

ainfall

udiness
ndia -

atures

iation
sea and

sive
References

Gowariker, V., Thapliyal, V., Sarker, R.P., Mandal, G.S. and Sikka, D.R. 1989: Parametric
power regression models: New approach to long range forecasting of monsoon rainfall in
Mausam, 40, 115-122.

Gowariker, V., Thapliyal, V., Kulshrestha, S.M., Mandal, G.S., Sen Roy, N. and Sikka, D.R. 1
A power regression model for long range forecast of southwest monsoon rainfall over I
Mausam, 42, 125-130.

Hastenrath, S. 1987: On the prediction of Indian monsoon rainfall anomalies,Journal of Climate
and Applied Meteorology, 25, 633-640.

Joseph P.V. and Pillai, P.V. 1984: Air-sea interaction on a seasonal scale over North Indian
- Part I: Inter-annual variations of sea Surface Temperature and Indian summer mo
rainfall, Mausam, 35,3,323-330.

Parthasarathy, B., Sontakke, N.A., Munot, A.A. and Kothawale, D.R., 1987. Droughts/Floo
the summer monsoon season over different meteorological sub-divisions of India for the p
1871-1984,Journal of Climatology, 7, 57-70.

Parthasarathy, B., Diaz, H.F. and Eischeid, J.K. 1988: Prediction of all-India summer mon
rainfall with Regional and large- scale parameters,Journal of Geophysical Research, 93,
5341-5350.

Parthasarathy, B., Sontakke, N.A., Munot, A.A. and Kothawale, D.R., 1990: Variations of In
monsoon rainfall and its relationships with regional/global circulations,Mausam, 41, 301-308.

Parthasarathy, B., Rupakumar, K. and Kothawale, D.R. 1992: Indian summer monsoon r
indices: 1871-1990,Meteorological Magazine, 121.

Ranjit Singh, 1983: Study of sea Surf ace Pressure, sea Surf ace Temperature and clo
patterns over Indian ocean region in some contrasting South West monsoon rainfall in I
Part II,Mausam, 34, 205-212.

Rao, Kusuma G., and Goswami, B.N., 1988: Interannual Variations of sea Surface Temper
over the Arabian sea and the Indian Monsoon: A New Perspective.Monthly Weather Review,
116, 558-568.

Sadhuram, Y., Ramesh Babu, V., Gopalakrishna, V.V., and Sharma, M.S.S., 1991: Assoc
between Pre-monsoonal Sea Surface Temperature anomaly field in the eastern Arabian
subsequent monsoon rainfall over the west coast of India.Indian Journal of Marine Sciences,
20, 106-109.

Vinayachandran P.N. and Shetye, S.R., 1991: The warm pool in the Indian Ocean.Proc. of Ind.
Acad. of Sc., (Earth and Planetary Sciences.), 100, 165-175.

Woodruff, S.D., Slutz, R.J., Jenne, R.L., and Steurer, P.M., 1987: A Comprehen
Ocean-Atmosphere Data Set,Bulletin of the American Meteorological Society, 68, 1239-1248.
346


	Effects of Arabian Sea Parameters on Indian Monsoon
	S. S. Aralikatti
	Indian Institute of Tropical Meteorology
	Pune: 411 008 (India)
	Abstract
	1. Introduction
	2. Details of Data
	Figure 1. Year�to�year percentage departure from the mean of all�India summer monsoon rainfall: 1...
	Figure 2. Details of grids (2° Lat. x 2° Long.) considered for the study over the Arabian Bea.

	3. Methodology
	4. Relationships between SSTs and Indian Monsooon
	Figure 3. The correlation map over Arabian sea showing relationship between all-India monsoon rai...
	Figure 4. The correlation map over Arabian sea showing relationship between all-India monsoon rai...
	Figure 5. Relationship between all-India monsoon rainfall and SSTs averaged over the Arabian sea ...
	Figure 6. Relationship between all-India monsoon rainfall and SSTs averaged over the Arabian sea ...
	Table 1. Correlation coefficients between all�India monsoon rainfall and different parameters: 19...

	Conclusions
	Acknowledgements
	References


