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Abstract

We have dudied the long term variations in the annud frequency of (a) tropicd
cyclones in the Indian Seas (Arabian Sea and Bay of Bengd) and (b) monsoon
depressions (June to September) for the period 1891-1999. Monsoon depression
frequency has a prominent long term decreasing trend. Superposed on this trend there is
an oxcillation of period near 36 years. Tropicd cyclone frequency on the other hand has
very little long term trend, but it shows a 36 year oscillation. Joseph and Prince (1999)
compared the 36-year oscillation of the annua frequencies of monsoon depressons and
tropica cyclones and found that their amplitude and phases are nearly the same.

For the period 1965 to 1999 both tropica cyclones and monsoon depressions have
been monitored by weather satdlites and the frequency data is highly rdiable. There is a
prominent 36-year ostillation during this period, with maxima during 1970-1974 and
minima during 1989-1993. Willian Gray has found that cyclone geness frequency
depends on 6 parameters (3 dynamic and 3 thermodynamic). In this paper, we examined
the dependence of monsoon depresson and tropical cyclone frequencies for the Indian
region on the vertica wind shear between 200 and 850 hPa which is one of the important
parameters found by Gray. We evaduated verticd wind shear parameter for June to
September season for monsoon depressions in the area 17.5N-22.5N, 85E-92.5E and for
October to December which is the main cyclone season for an area 7.5N-17.5N, 80E-95E
usng NCEP/NCAR reandyss data (Kanay et d. 1996). It is found that the vertica
wind shear for both monsoon depressions and tropical cyclones is lower for the period
1970-1974 of higher frequency than for the period 1989-1993 of lower frequency.

Introduction

Tropica cyclones appear to be primarily a product of the long-term characteristics of the
tropicd generd circulaion. We have good data on tropica cyclones and monsoon
depressions from 1891 to 1998 in the area 5°N-30°N and 50°E-100°E. most of the
depressions occur during the summer monsoon season (June-September), but very few of
them intengfy into tropicd cyclones. A subgantid fraction of the depressions of the pre-
monsoon (April and May) and post-monsoon (October-December) seasons intengfy into
cyclonic gorms.

Joseph and Prince (1999) analysed the frequencies of monsoon depressions (June-
September) for the period 1891-1998 (108 years) and found a prominent linear
decreasing trend. At the beginning of the century we used to get about 12 monsoon
depressons an year, but now we get only about 6. The decreasing trend was noticed



ealier by Bhadme (1972). The detrended monsoon depresson frequency was
harmonicaly anadysed and the maximum amplitude was for the harmonic with period of
36 years.

The annud cyclonic frequency for the period 1891-1998 was harmonicdly andysed. As
in the case of monsoon depressons, maximum amplitude is for the 3¢ harmonic (36
years). Fig.l shows a comparison of the 36 year frequency component of the monsoon
depresson and tropica cyclones (from Joseph and Prince, 1999). In amplitudes they are
comparable and the phases are close to each other. Fig.2 gives the annua frequency of
tropica cycdones of the Indian seas. The thick line gives the sum of the first 4harmonics.
(That the 3% harmonic of period 36 years in the predominant harmonic may be seen from
the figure).

With this background, our am was to investigate into the causes for this oscillation. The
seasona  tropical  cyclone frequency can be directly related on a climatological or
seasond bass to a combination of sx physcd parameters which will henceforth be
referred to as primary climaologicd geness parameters as defined by William Gray
(1979). They are

1. Low leve rdative vorticity

2. Coriolis Parameter

3. The inverse of the vertical shear of the horizontal wind between the lower and upper
troposphere

4. Ocean thermd energy - excess above 26°C to adepth of 60 m

5. Veticd gradient of ge between the surface and 500 hPa. (Tige /fp) (Conditiond
ingability of the atmosphere)

6. Middle troposphere reative humidity

In this present study, we examined one of the most important of the above sSx parameters,
i.e. the verticd shear of the horizontd wind. As discussed by Gray, observationd
evidence clearly shows that tropicd cyclones form under conditions of very smdl verticd
shear of horizonta wind between lower and upper troposphere.  In the Indian region,
monsoon depressions form in the head Bay of Bengd. We have chosen a box 85-92.5°E
and 17.5-225°N for monsoon depressions. Tropica cyclones in the Bay form over
centra and south Bay. So the box 80-95°E and 7.5-17.5°N is chosen for tropica
cyclones. The wind shear is computed as the difference between the 200 hPa and 850
hPa winds usng NCEP/NCAR reandyss data (Kanay etd, 1996) for both of these
boxes for the months, June to September for monsoon depressons and October to
December for tropical cyclones.

For the high frequency epoch of depresson/cyclone genesis, a composite is made of
years 1970-74 and for the low frequency composite, years 1989-93 are chosen. (please
seefig.l)



Year |Wind Shear (ms™)| Mean SD T-Value
1970 33.0
High Frequency 1971 215
Composite 1972 11.2 21.8 8.4533
1973 26.5 2.3781
1974 16.8 Sonificant a
1989 31.0 97.5%level
Low Frequency 1990 27.9
Composite 1991 339 32.3 3.3293
1992 36.8
1993 31.6
Tablel

Table | gives the wind shear for the monsoon depressons for both the compostes and
ther difference is tested usng Student's t-tes. The means for high and low frequency
composites are 21.8 and 32.3 respectively and the t vaue is 2.3781 for one taled test
(sgnificant a 97.5% levd).

Year |Wind Shear (ms™)| Mean SD T-Value
1970 14.9
High Frequency 1971 8.8
Composite 1972 1.7 10.7 2.9405
1973 125 2.2287
1974 94 Sonificant a
1989 15.8 95% level
Low Frequency 1990 13.2
Composite 1991 16.3 16.5 4.4226
1992 13.1
1993 23.9
Tablell

Table 1l is the same as table | but for tropica cyclones. The mean vaues are 10.7 and
16.5 for high and low frequency compostes respectively. It gives a t value of 2.2287
which isfound to be sgnificant a 95% leve.

The 850 hPa wind flow does not have dgnificant change during both of these composite
years. Hence the 200 hPa flow is a decisve factor in determining the cyclone genesis
frequency. In the low frequency compodte years, the sub-tropica westerly jet has shifted
more towards the south compared to the high frequency composte years. Thus this shift
inthe jet is deciding the cyclone genesis frequency.



Conclusons

Since 1965 satdlites have been monitoring the weather sysems continuoudy and during
this period we obtained a 36 year wave in the frequencies of tropica cyclones and
monsoon depressions in the Indian seas with maximum frequency in the years 1970-1974
and minimum in  1989-1993. We examined the verticd shear of the horizontd wind
between the lower and upper troposphere for the areas of formation of tropica cyclones
and monsoon depressons and conclude that their frequency of formation depends on
vertical wind shear, with higher frequency during lower wind shear.  We have tested the
difference in means for both tropica cyclone and monsoon depresson composites and
the reaults are daidicaly dgnificant. Much of the magnitude of the verticad wind shear
is contributed by the 200 hPa flow. In years of high frequency of tropica cyclones and
monsoon depressions, 200 hPa flow over the Indian seas is wesker in the areas of
genesis.
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Figure Captions

Fig.1, The harmonic of period 36 years in the frequency of the tropica cyclones (Thick
line) and of the trend removed frequency of monsoon depressons (thin line). Ther
amplitudes and phases are closdy matching.

Fig.2, Annua frequency of tropical cyclones in the Indian seas for 1891-1998 (thin line)
The thick line shows the sum of the firg 4 harmonics of which the third harmonic (period
36 years) has maximum amplitude.






