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ABSTRACT. The present paper deals with the influence of Southern Oscillation (SO) on the frequency of tropical
cyclones in the north Indian Ocean. The results show that during the negative phase of SO the frequency of tropical
cyclones and depressions over the Bay of Bengal and the Arabian Sea diminishes in May which is most important pre-
monsoon cyclone month. The correlation coefficient between the frequency of cyclones and depressions and the
Southemn Oscillation Index (SOI) is +0.3 which 1s significant at 99% level. Post-monsoon cyclone frequency in the Bay
of Bengal during November shows a significant positive correlation with SOI implying that it also decreases during the
negative phase of SO. Thus there is a reduction in the tropical cyclone frequency over the Bay of Bengal during both
intense cyclone months May and November in El-Nino/Southern Oscillation (ENSO) epochs. Therefore it would not be
correct 1o say that ENSO has no impact on the cyclogenesis in the north Indian Ocean. It is true that ENSO has no
significant impact on the frequency of cyclones in the Arabian Sca

ENSO also seems to alfect the rate of intensification of depressions to cyclone stage. The rate of intensification
increases in May and diminishes in November in the north Indian Ocean during ENSO. The results are based on the
analysis of monthly frequencies of tropical cyclones and depressions and SOI for the 100 year period from 1891-1990.
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1. Introduction ocean basins which vary from basin to basin. There is a
substantial reduction in the cyclone frequency over the
The Southern Oscillation phenomenon is known to North Atlantic Ocean during negative phase of SO (Gray,

cause worldwide climate anomalies (Gray and Sheaffer, 1992). It is well known that during the negative phase of
1991). Recent studies have brought out the relationships SO, central Pacific is dominated by the negative surface
between SO and tropical cyclone frequency in different pressure anomalies and the Australian areas are dominated
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Fig. 1. Correlation between SOl and the frequency of total cyclonic
disturbances over the Bay of Bengal and the Arabian Sca

by the positive anomalies. The difference of surface
pressure at Tahiti and Darwin is a measure of Southern
Oscillation Index (SOI).

According to Chan (1985) the frequency of cyclones
in the north Pacific between 140°-160°E increases during
SO years (i.e. negative phases of SO). The {requency over
the south China Sea, however, decreases during negative
phase of SO. Sadler (1984) reported increased cyclone
frequency over the central and eastern South Pacific
during El-Nino/Southern Oscillation (ENSO) episode of
1982-83. Rao (1997) has summarized the relationships
between the cyclone activity and ENSO in a general way.
There have been some qualitative studies on the
relationship between the cyclone activity in the north
Indian Ocean and ENSO (Rajeevan, 1989 and Mandal,
1991) but none of them have looked into these
relationships on a monthly scale and in a quantitative way.
As the impact of SO on the average annual frequency of
cyclones in the north Indian Ocean was not very
significant more detailed analysis was needed to reveal the
influence on seasonal and monthly scales.

2. Data and methodology

The frequencies of tropical cyclones and depressions
in the north Indian Ocean for the period 1891-1979 have
been obtained from the storm atlas published by the India
Meteorological Department (IMD, 1979). The data for
recent period 1980-1990 has been obtained from IMD
records and quarterly journal Mausam.

The data pertaining to Southern Oscillation Index
have been obtained from Climate Prediction Centre, USA,
NOAA-CIRES Climate Diagnostic Center, University of
Colorado, Boulder, USA and Bureau of Metcorology,
Australia.
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Fig. 2. Correlation between SOI and the frequencies of tropical cyclones

The correlations between monthly SOI and
corresponding frequencies of cyclones and depressions
have been computed for each month of pre-monsoon and
post-monsoon season. The values of CCs have been
presented in Figs. | and 2.

ol

Results and discussion

3.1. Relationship between SOI and tropical cyclone
frequency

Fig. I shows that highest CC of + 0.3 has been found
between the SOI and the frequency of total cyclonic
disturbances (cyclones and depressions) in the Bay of
Bengal and the Arabian Sea during May. Positive SOI
indicates that during negative SOI epochs the cyclogenesis
in the Bay of Bengal and the Arabian Sea reduces. Other
CCs for pre-monsoon season (i.e. for March and April) are
not significant. Similarly, the CCs for post-monsoon
season from October to December is also not significant.

When the frequencies of tropical cyclones in relation
to SO were analyzed separately for the Bay of Bengal and
the Arabian Sea it was found that during the negative
phase of SO the cyclone frequency over the Bay of Bengal
diminished in November also. The results for important
cyclone months May, October and November have been
presented separately for the Bay of Bengal and the
Arabian Sea in Fig. 2. The highest CC of +0.3 was found
between the cyclone frequency in the Bay of Bengal
during May and the corresponding SOL. During November
similar CC is +0.2. The interesting aspect is that both the
CCs are positive showing the reduction in the cyclone
frequency in the Bay of Bengal during May and November
of ENSO years. The CC for November is significant at
95% level.
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Fig. 3. Standardized anomaly of tropical cyclone frequency in the Bay
of Bengal and SOI for May (1891-1990)
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g. 4. Standardized anomaly of tropical cyclone frequency in the Bay
of Bengal and SOI for November (1891-1990)

None of the CCs pertaining to the Arabian Sea are
significant implying that SO does not have any significant
influence on the cyclogenesis over the Arabian Sea.

The standardized anomalies of the topical cyclone
frequencies over the Bay of Bengal alongwith the SOI for
May and November have becn presented in Figs. 3 & 4.
During the 100 years period under consideration highest
negative value of SOI in May was observed during 1905.
No cyclone formed in May during that year. Similarly,
other 4 significant negative peaks in SOI in Fig. 1
correspond to the years 1896, 1953, 1972 and 1987 (all
El-Nino/Southern Oscillation years). It is noteworthy that
during none of these years any cyclone formed over the
Bay of Bengal in the month of May. Negative peaks in the
standardized anomaly of cyclone frequency during all
these years in Fig. I signify this aspect.
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Fig. 5. Anomalies of intensification rates during May. October and
November of ENSO years

When we consider the anomalies for November we
find that highest negative SOI occurred during 1982.
Again no cyclone formed over the Bay of Bengal in that
month. Thus the inverse relationship between the Southern
Oscillation and the tropical cyclone frequency in the
Bay of Bengal is apparent from the examination of
Figs. | & 2.

It may be remarked that any qualitative examination
of the relationship of cyclone frequency with ENSO on
annual or seasonal scale may not reveal the actual relation.
For instance, when we categorise ENSO years we should
remember that ENSO phenomenon may not be present in
all the months of that year. Thus quantitative relationship
on monthly scale is necessary. It is perhaps due to this
reason that many investigators have not been able to
obtain any significant difference in the cyclone frequencies
during ENSO and La-Nina years (Rajeevan, 1989,
Mandal, 1991).

3.2. The rate of intensification

The rate of intensification of cyclonic disturbances in
the north Indian Ocean to cyclone stage is maximum
during November and May. About 60% of the
disturbances concentrate into tropical cyclones during
these two months. It was observed that ENSO influenced
the intensification rate also. There were 17 ENSO years
during the period under consideration. Average
intensification rate in May of ENSO years was about 75%
and in November it was only 50%. Thus ENSO inhibited
the intensification during post-monsoon season. The
anomalies of intensification rates during May, October and
November have been presented in Fig. 5.
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The results of the present study have shown that the
common impression about non-influence of ENSO on the
cyclone activity in the north Indian Ocean is not fully
correct. When we consider annual or seasonal frequencies
over the entire north Indian Ocean, the impact of ENSO is
smoothed out and the net influence becomes insignificant.
While analyzing the marine data one finds that the
responses of Bay of Bengal and the Arabian Sea to
different phenomena are not the same. Similarly, north
Indian Ocean being totally different from other ocean
basins, it is characterised by large seasonal and
intraseasonal fluctuations. The dampening influence of
ENSO on the tropical cyclone activity over the Bay of
Bengal in intense cyclone months May and November can
be understood as the entire Bay area is dominated by the
positive surface pressure anomalies during negative phases
of SO. But it would be perhaps a very simplistic
explanation. It has been observed that monsoon depression
activity over the Bay increases in July-August during
ENSO epochs. Therefore, same argument does not hold
good in case of cyclogenesis during monsoon. It is true
that the characteristics of monsoon systems are
significantly different from those of pre-monsoon and
post-monsoon cyclones. But the reasons for selective
impact of ENSO on the cyclogensies in the Bay of Bengal
needs to be further investigated.

4. Conclusions
The study has brought out the following results.

(f) The tropical cyclone frequency over the Bay of
Bengal diminishes in May and November
during the negative phase of Southern
Oscillation.

(ii) Southern Oscillation has no significant impact
on the cyclone activity over the Arabian Sea.

(iif) The rate of intensification of cyclonic
disturbances in the north India Ocean to
cyclone stage increases during May and
decreases during November of ENSO years.
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