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Sea surface temperature variability over North Indian Ocean —
A study of two contrasting monsoon seasons

M R RAMESH KUMAR, S SATHYENDRANATH,
N K VISWAMBHARAN and L V GANGADHARA RAO
National Institute of Oceanography, Dona Paula 403 004, India

MS received 14 November 1985; revised 19 July 1986

Abstract. Using the satellite derived sea surface temperature (SST) data for 1979 (bad
monsoon) and 1983 (good monsoon), the SST variability for two contrasting monsoon
seasons is studied. The study indicates that large negative anomalies off the Somali and
Arabian coasts are associated with good monsoon rainfall over India. The strong
monsoonal cooling in these regions can be attributed to strong low level winds and intense
upwelling. The reappearance of 27°C isotherm off Somali coast in May/June coincides
with the onset of southwest monsoon over India. Further, the influence of zonal anomaly
of SST off Somalia Coast (SCZASST) and Central Indian Ocean Zonal Anomaly of SST
(CIOZASST) with monsoon rainfall over India is brought out. The former is negatively
related to the monsoon rainfall over western and central parts of India, whilst CIOZASST
is positively related.

Keywords. North Indian Ocean: zonal anomaly; sea surface temperature; south
equatorial trough.

1. Introduction

In recent years, considerable attention has been paid to the relationships between
SST distribution over the Indian Ocean and the monsoon activity over India and
adjoining areas (Ellis 1952; Saha 1970: Shukla 1975; Shukla and Misra 1977,
Washington et al 1977, Raghavan et al 1978; Weare 1979; Pisharoty 1981; Mishra
1981; Joseph 1981; Joseph and Pillai 1984). However, considerable uncertainty still
exists as to the exact nature of the relationship between SST patterns and monsoon
activity. Different hypotheses have been put forth regarding these interactions by
Shukla (1975), Saha (1970, 1974), Washington et al (1977) and Joseph and Pillai
(1984).

These theoretical and empirical models need verification by extensive testing
with observed data. Conventional ship observations over the Indian Ocean are
sparse, and as such, not ideally suited for the above purpose.

It is now possible to get SST data on a routine basis through satellites. Though
uncertainties still exist as to the accuracies of this data, especially for tropical areas
(Pichel and Banks 1983), it has the advantages of large area coverage and real time
accessibility, which are important attributes from the prediction point of view.
Mishra (1981) studied SST variability over the North Indian Ocean during the
southwest monsoon season for the years 1977, 1978 and 1979, using the satellite
derived SST data. His study revealed that the beginning of cooling of surface
waters over the Arabian Sea is associated with the advance of the southwest
monsoon, and that the formation of the Somali .and Monsoon currents and
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spreading of cold upwelled waters over the Arabian Sea are more pronounced in
good monsoon years. )

In this paper, we have analyzed satellite-derived SST data over the Indian Occan
during the pre-monsoon and monsoon period for 1979 and 1983. The results are
discussed in the light of various hypotheses regarding the ocean-atmosphere
interaction and its possible effect on monsoon rainfall over India.

2. Data and methodology

The years 1979 and 1983 were chosen because of contrasting features of monsoon
rainfall over the Indian subcontinent. Figure 1 shows the departures of seasonal
rainfall (1 June to 30 September) from the normal for 1979 and 1983 for various
meteorological sub-divisions (Weekly Weather Report, India Meteorplogical
Department). In general, over most parts of the country the rainfall was deficient in
1979, and normal to excess during 1983. In both the years the advance of monsoon
over Kerala was delayed by about two weeks (the normal onset data being 1st
June).

SS?I‘ data for 1979 and 1983 were taken from the Global Operational Sea Surface
Temperature Computation (GOSSTCOMP) charts (derived from NOAA satel-
lites), for the period May to September. These charts give temperaturé contours at
1°C interval for the area from 30°N to 30°S and 40°E to 100°E at weekly intervals.
Pichal and Banks (1983) found that the root mean square (RMS) differences
between satellite and in situ data were generally less than 1°C. However, in the
latitude belt from 10°N to 30°N, RMS differences of 1:6°C and biases of —1°C to
-3°C were observed for 1982. These lower quality observations were attributed to
the effect of El-Chichon volcanic eruption in late March 1982.-We have assumed
that the effect of this contamination would have decreased substantially by May
1983, and that the data would have an accuracy of 1°C, which corresponds to the
contouring interval on the charts. The climatological SST data were taken from
Hastenrath and Lamb (1979).

The SST values for every two degree latitude-longitude grid points were
estimated by visual interpolation (for both GOSSTCOMP as well as climatological
charts). The SST anomalies (7,) were then calculated as follows.

T,=T-T,

where T and T are the observed grid point and zonal mean SSTs respectively.

3. Results and discussion
3.1 Monthly variation of SST

The weekly averaged SSTs obtained from the GOSSTCOMP charts have been
further averaged to give the monthly mean SST. Figure 2 gives the monthly
variation of mean SST for three representative stations A, B and C in the sea off
the Somali coast (10°N and 52°E), South Central Arabian Sea (10°N and 60°E)

and South Central Bay of Bengal (10°N and 90°E) respectively, from May to
September for the years 1979 and 1983.
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Figure 1. Departures of monsoon rainfall from the normal rainfall for 1979 and 1983.
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At station A, the climatological values of SST drop sharply from May onwards,
whereas in 1979 and 1983, the decrease of SST from May to June is comparatively
less. Correspondingly, the Indian Daily Weather Report (IDWR) data show that
the monsoon onset was delayed by about 2 weeks in both 1979 and 1983 from the
normal onset date. However, the May to June cooling is more (less) pronounced in
1983 (1979), the year of excess (deficit) rainfall. The rate of cooling can be taken as
indicative of the intensity of upwelling in this area. The climatological values as well
as the 1979 values show increasing temperatures from August to September, while
in 1983, the temperature continues to decrease during this period. This may be due
to the late withdrawal of southwest monsoon in 1983 and the persistence of stronger
winds off Somali coast and consequent upwelling for a longer period. However, the
climatological temperatures in this area are lower than the corresponding values for
both 1979 and 1983.

At station B there is little difference in the monthly mean SST va‘riation between
1979 and 1983 and the values for both the years compare well with the
climatological data, though here also climatological values are generally lower.
However, the differences are not as high as at station A.

At station C, in 1983 the monthly mean SST values were greater than normal
from May to July, and less than normal from August to September. The values
were nearly normal in 1979.

3.2 Reappearance of 27°C isotherm

An analysis of the behaviour of the 27°C isotherm in the Arabian sea for the years
1979, 1981, 1982 and 1983 shows that this isotherm was absent throughout the
premonsoon month of May off Somalia coast and appeared with the onset of
southwest monsoon over Kerala coast (table 1). Geostationary satellite wind data
(Young et al 1980) for 1979 showed that the appearance of the 27°C isotherm
coincides with the establishment of the low level jet over the central Arabian Sea.

Table 1. Relationship between the appearance of the 27°C
isotherm off the Somali coast and the advance of the Northern
Limit of Monsoon/Southwest monsoon over Kerala.

Week in which the 27°C
isotherm appears off ~Advance of Northern Limit
Somali coast in of Monsoon/Southwest
Year GOSSTCOMP chart Mohsoon over Kerala

1979 12th June 11th June
1981 2nd June 30th May
1982 1st June 30th May
1983 14th June 13th June

The date referred to in the GOSSTCOMP chart is the middle
day of that particular week.
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3.3 Longitudinal variation of SST in July

Figure 3 gives the longitudinal variation of SSTs in July for the years 1979, 1983
along with the climatological mean values for the latitudes 20°N, 10°N and Equator.
The figure clearly shows that there is larger temperature difference between the
western and eastern portions of the Indian ocean during a good monsoon (1983)
than in a poor monsoon season (1979). This east-west temperature gradient is
greater at 20°N and 10°N as compared to the equator. At 20°N the maximum SSTs
ate observed around 66-70°E and the minimum values are observed at 58°E near
the Arabian coast. The range of SST is 3°C (2°C) in 1983 (1979). At 10°N the
maximum SSTs are observed from 68-72°E and the minimum around 52°E near the
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Figure 3. Longitudinal variation of mean SST for July at 20°N, 10°N and Equator from
48°E to 98°E.
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Somalia coast. The range of SST is 3°C (2°C) in 1983 (1979). At the equator, in the
region west of 60°E, there is strong (weak) temperature gradient during the good
(bad) monsoon year. The temperature gradient in the western part of the equator
during 1983 may be due to the strong winds (ORV Sagar Kanya 1st Cruise data)
and strong cross equatorial flow. The weak temperature gradient during 1979 was
due to weak surface winds and weak cross equatorial flow (Geostationary satellite
data).

Saha (1970) showed that at the equator, pressure and SST are negatively
correlated. We assume that this relationship holds good for the Arabian Sea also.
Thus the large east-west temperature gradient observed during 1983 was favourable
for strong low level westerly winds and intense evoporation over Arabian Sea.

3.4 Zonal anomaly of SST

Weekly zonal anomaly of SST charts were prepared for the period May to
September for both the years and representative charts depicting the onset and
active conditions for 1979 and 1983 are presented in figures 4A to 4D.

3.4a Zonal anomalies during 1979: Figure 4A represents actual onset conditions
during 1979 and no significant SST anomaly features are present. The weak zonal
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Figure 4A. Zonal anomaly chart of SST depicting the onset conditions (12 June 1979).
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Figure 4B. Zonal anomaly chart of SST depicting the active monsoon conditions
(24 July 1979).

anomaly observed during June appears to be associated with weak surface winds
(Geostationary satellite data) and weak rainfall activity over India. The July
conditions (active monsoon conditions, figure 4B) clearly reveal the beginning of
upwelling along Somalia and Arabian coasts by negative zonal anomalies in this
region, and these features get.more pronounced by August. By the beginning of
September, these features have already begun to disappear. The maximum
negative zonal anomalies of the order of 2°C were observed during August in the
western Arabian Sea.

3.4b Zonal anomalies during 1983. Figure 4C shows the actual onset conditions
during 1983. Strong negative anomalies indicative of intense upwelling off Somali
coast can be seen. The negative anomalies become more pronounced by July
(active monsoon conditions, figure 4D) and the features persist throughout August
and September. The maximum negative anomalies of the order of 4°C were
observed during July off Somali. Upwelling off Arabian coast is also considerably
stronger in 1983 than in 1979.

Our present study is in agreement with the study of Joseph and Pillai (1984) in
that the SST anomalies in the North Indian Ocean influence the monsoon activity
over India.
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Figure 4C.  Zonal anomaly chart of SST depicting the onset conditions (14 June 1983).

3.5 Relationships between SCZASST, CIOZASST and the monsoon rainfall over
India

Studies by Shukla and Misra (1977), Goswami (1983) and Ramesh Babu et al (1985)
have shown a positive correlation between SST and monsoon rainfall over different
parts of India. In the present study we have chosen two regions which were not
studied earlier namely, Somalia coast (4-10°N and 48-52°E) and Central Indian
Ocean area (4°S—4°N and 64-84°E) for correlating with the monsoon rainfall of
about 15 meteorological subdivisions representing various parts of the country.

We have chosen the SCZASST as the average zonal anomaly between 4°N and
10°N, 48°E and 52°E, for correlating with the monsoon rainfall for the following
reasons: It is believed that strong low level winds known as Somali Jet, transport
significant amount of moisture to the Indian subcontinent. Thus a relationship
between the intensity of Somali Jet and monsoon activity over India can be inferred
to exist (Raghavan et al 1975). Shukla and Misra (1977) obtained a' negative
correlation between SST and pressure. Thus the existence of strong negative zonal
winds are associated with low SSTs. Saha (1970) had shown the negative
correlation between SST and pressure. Thus the exsistence of strong negative zonal
anomalies can be linked to strong surface winds and intense upwelling off Somalia
coast. These strong surface winds cause intense evaporation over the Arabian Sea.
The net effect of the above mentioned factors would be to produce good monsoon
over the Indian subcontinent.
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Figure 4D. Zonal anomaly chart of SST depicting the active monsoon conditions (19
July 1983). The chart also indicates pronounced upwelling off Somali and Arabian coasts
as compared to the year 1979,

We have found out the correlation coefficients between weekly values of
SCZASST and the weekly monsoon rainfall of various meteorological subdivisions
for the years 1979, 1983 and the combination of both years. Those values which are
statistically significant at 95 and 99% level for the combined data (1979 + 1983) are
presented in table 2. It is observed that the SCZASST is negatively and significantly
correlated with rainfall over western and central parts of India for the same week.
The correlation coefficients in general were found to decrease when analyzed for
lags upto three weeks. However, they were still significant for west and east
Madhya Pradesh upto lag 1 and lag 3 respectively (95% level).

The CIOZASST is taken as the ‘average of the zonal anomalies between 4°S and
4°N, 64°E to 84°E. The reason for choosing this area for correlating with monsoon
rainfall is as follows. Washington et al (1977) have shown that the SST anomalies in
this region are under the influence of South Equatorial Trough (SET). Further,
studies of Cadet and Olory-Togbe (1981) and Prasad et al (1983) have shown that
there exists a negative correlation between the strengthening of SET activity and
monsoon rainfall over India. Table 2 gives the statistically significant correlation
coefficients between CIOZASST and monsoon rainfall over different meteoro-
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Table 2. Statistically significant correlation coefficients (95 and 99% level) between
SCZASST and weekly subdivisional monsoon rainfall over India for 1979 and 1983
(combined analysis).

1979+ 1983
Subdivision 0 1 2 3
Kerala - - - —-0-565*
Konkan & Goa —0-551* - - -
West Rajasthan -0-421* - - -
East Rajasthan . —0-559* - - -
West Madhya Pradesh —0-602* —-0-454 - -
East Madhya Pradesh ~-0-635* —0-545 - 0-477% ~0-381
Marathwada - - —~0-444 ~
Vidarbha —-0-537* - - -
Coastal Andhra Pradesh - - ~0-440 -

* Refers to the correlation coefficients which are significant at 99% confidence level,
There are 15 data samples each in 1979 and 1983,

Table 3. Statistically significant correlation coeficients (95 and 99% level) between
CIOZASST and weekly subdivisional monsoon rainfall over India for 1979 and 1983
(combined analysis), .

Subdivision 0 1 2 3
Kerala 0431 - - -
Konkan & Goa 0-543* 0-378 -, -
East Rajasthan 0-435 ~ - -
West Madhya Pradesh 0-634* 0-486* - -
East Madhya Pradesh 0-660* 0-519* ~ -
Marathwada 0-507* 0-472* - -
Vidarbha 0-558* 0-521* - -
Coastal Andhra Pradesh - - - -0-538*

* Refers to the correlation coefficients which are significant at 99% confidence level.
There are 15 data samples each in 1979 and 1983.

logical subdivisions. It is observed that the CIOZASST is positively and
significantly correlated with the monsoon rainfall over most of the subdivisions for
which SCZASST showed negative correlation.

4. Conclusions

(a) The decrease in SST in western Arabian Sea (off Somali and Arabian coasts)
during the monsoon months (June to September) is more pronounced during a
good monsoon year (1983) than during a bad monsoon year (1979).

(b) Large negative zonal SST anomalies exist off the Arabian and Somalia coasts
during good monsoon year. This may be due to the combined effect of strong low
level winds and intense upwelling.

(c) The reappearance of 27°C isotherm near the Somalia coast area in May-June
coincides with the onset of southwest monsoon over India,
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(d) The SCZASST is negatively and significantly correla?ed .with the monsoon
rainfall over western and central parts of India. The correlation is maximum for the
same week (zero lag) and falls of with time lag from 0 to 3 weeks.

(e) The CIOZASST is positively and significantly correlated with the monsoon
rainfall over the western and central parts of the country, and the correlation is

maximum with zero lag. . - .
These preliminary results, which are encouraging need to be wverified with
sufficiently large data set consisting of good, bad and normal monsoon years.
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