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ABSTRACT. With a view to understand the probable intensity of disturbances in the Bay of Bengal that
are likely to occur during the various months of the year, a statistical study has beer undertaken of depressions
and storms during the period 1961 to 1980. As T-number classification according to Dvorak's scale is available
only from 1974, systems during the period 1961 to 1973 were converted to the corresponding T-numbers for

the purpose of this study.

The frequency distribution of the disturbances reveals the presence of double maximum, one in May and
the other in October. The modal curve suggests that while severe cyclonic storms occur in May, those with core
of hurricance winds generally occur in November and December only.

1. Introduction

It is common knowledge that the Bay of Bengal
disturbances, particularly in the months from
October to December, intensify into cyclonic
storms and on crossing the coast cause a lot of
damage to life and property due to accompanying
gales and tidal waves. With the advent of wea-
ther satellites the detcrmination of intensity of
systems has become much more accurate. To
determine the intensity of tropical disturbances
using satellite pictures, Dvorak’s (1975) classi-
fication is presently used in India. The present
study uses the satellite classification of tropical
disturbances in the Bay of Bengal during the
period 1961 to 1980 in terms of T-numbers ac-
cording to Dvorak’s technique. In this technique
the intensity of a tropical cyclone is determined
by assigning a T-number to the disturbance by
using both the qualitative description of intensity
based on commonly seen tropical cyclone pat-
terns and the quantitative description based on
the central features and the outer banding fea-
tures of the disturbance.

2. Data

Data pertaining to all the disturbances in the
Bay of Bengal for the period 1961-80 was col-
lected. While the T-number classification readily
available from the year 1974 has been used, for
the systems prior to 1974, the maximum attained
intensity of each disturbance as given in the cyc-
lone reviews upto 1970 and the Annual Report
on the depressions and cyclones published in
Indian Journal of Meteorology, Hydrology and
Geophysics (Mausam as now named) from 1971
was converted to the corresponding T-number
using Dvorak’s technique. In respect of each
disturbance the maximum attained T-number in
its life history has been taken.

3. Differences between conventional
T-number classification

In the India Meteorological Department (IM
the wind speed alone is the mgin criterign gz
defining the intensity of the tropical disturbance.,
Dvorak (1975) uses an empirical relationship
between the current intensity in terms of T-num-
bers and the maximum sustained wind speed in

classification and

*Presently wor king in Satellite Meteorology Directorate, Meteorological Office, Lodi Road, New Delhi-110003,
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Fig. 1. Percentage frequeney of disturbances

TABLE 1

Relationship between conventional classification (IMD)
of tropical disturbances and T-number classification

Associated
T-number

Wind speed
observed or

Tropical disturbancs .
estimated (kt)

Low pressure <17 -

Depression 18-27 1,1.5

Deep depression 28-33 2

Cyclonic storm 3447 2.5, 3
Severe cyclonic storm 48-63 3.5
Hurricane 64 & above 4.0 & above

the tropical disturbance. The relationship bet-
ween the two classifications can be seen in Table 1.

4. Discussion of results

Table 2 gives the monthwise distribution of

all disturbances from depression stage (equivalent
to T-1) onward which occurred during this 20-
year period, along with annual percentage. The
frequency distribution of tropical disturbances
according to their T-numbers for the months
May to December is presented in Fig. 2. As
severe cyclonic storms (T-3.5) and hurricanes
(T-4 and above) are disaster producing, their fre-
quencies with percentages are also given in Table
3. The statistical parameters like mean, median,
mode and standard deviation are also presented.

Srinivasan and Ramamurty (1973) have given
the monthly frequencies of depressions and cy-
clones for October, November and December
for the period 1891-60. This table has been up-
dated upto 1980 and presented in Table 3.

Table 2 clearly shows that intensification of
tropical disturbances to severe cyclone stage
(T. No. 3.5) occurs mostly in the months of May
(61%). November (77°;) and December (63%;).
There is a 387, chance of disturbances intensi-
fying to severe cyclonic storm stage and above in
October. Also 639 of the disturbances in Novem-
ber reach hurricane intensity- while May and
December have about 40%,. There was only one
occasion when a tropical storm reached the in-
tensity of a ‘super storm™ (T-7.0) equivalent to
a maximum sustained wind of about 140 kt (250
kmph). This occurred in November 1977, when
the super storm crossed south Andhra coast
near Chirala causing a storm surge of about 5.5
metres upto 11 km in the interior. The highest
values of mean, median and mode also occur in
May, November and December. Modal value of
T-4 for the months of November and December
compared to the mean values of 3.5 and 2.2 and
median values of 3.7 and 3.3 respectively indi-
cate that chances of very intense cyclones are
more in these two months.

The modal curve of T-number is given in Fig. 3:
the highest modal value occurs in October and
November.

Fig. 2 shows the T-number frequency for various
months, A general shift towards higher T-num-
bers can be noticed as we go from July to Novem-
ber. This is brought out clearly by the modal curve
also.

The occurrence ol depressions and cyclones
is maximum in October as seen in Fig. I, with a
second maximum in May, agreeing with the con-
ventional synoptic ideas. While the frequency
of the disturbances is a maximum in October,
the chances of their intensification 15 a maximum
in November (Table 2 and Fig. 3). Though there
is a fairly high frequency of disturbances in the
monsoon months, the maximum intensity attained
by them is about T-1.5to 2.0. There is only one
case of a disturbance reaching hurricane intensity
in mid-monsoon, viz., T-4 in August 1974. A
hurricane of post-monsoon characteristics deve-
loped in the beginning of September 1972 and
hit north Andhra coast (T-6.0).

The disturbances during the period 1961-80
are classified into depressions (T<2.0), cyclo-
nic storms (T-2.5 and 3.0), severe cyclonic storms
(T-3.5) and severe cyclonic storms with core of
hurricane winds (T=4.0) and presented in Table
4. Table 5 gives the monthwise annual frequency
of depressions, cyclones and severe cyclones and
hurricanes for the period 1[961-80 when T-
number classification was available. The figures
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TABLE 2
Moathwise distribution of all disturbances (1961-80) according to T-numbers

May Jun Jul Aug Sep Oct Nov Dec

S: Jan Feb Mar
No.

1 Number of all dis- 2 ! - |
turbances ( % to total (0.5 (0.3)
annual)

2 Disturbances with T- 1 —_ -

No. 3.5 and above
(severecyclonic storms
and above) (% to
total in the month)

3 Disturbances with T- — — -
No.4and above (with
hurricane core) (%
to total in the month)

Maximum attained
T-No.

Mean T-No.
Median T. No
Mode T-No.
Standard deviation

P
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within brackets indicate the corresponding fre-
quencies for the rest period 1891-1960 when
T-number classification was not possible due to
absence of satellite pictures. The frequencies for
the period 1891-1960 have been worked out
with the help of the data given by Srinivasan and
Ramamurty (1973).

This table shows that there is a marked increase
in the annual frequency in the case of severe cy-
clones and hurricanes during 1961-80 compared
to 1891-1960. There is also a considerable
decrease in the frequency in respect of cyclones
while the frequency of depressions is more or less
the same. Also the total annual frequencies during
the pre-satellite period and the post satellite period
are more or less the same. Thus the differences
in the intensity classification probably appear to
be due to the better assessment of the intensities of
the disturbances using satellite pictures. During
the pre-satellite period, there could have been
intense storms which escaped correct assessment

due to absence of ships observations or other sup-
porting evidence from the cyclone field about its
intensity.

5. Conclusion

The present study reveals an increase in the
average annual frequency of disturbances during
the 20-year period 1961-80 compared to the
70-year period 1891-1960, which may be due to
all systems having been detected with the help of
satellite imagery and the maximum sustained
winds of the disturbances being estimated to a
high degree of accuracy.

It is also seen that the probability of a tropical
disturbance developing into severe cyclone inten-
sity is maximum in November (77%), followed
by December (63 %) and May (61 7).

This study also shows that the probability of
these storms developing further into hurricanes
is very high in November (639%,) followed by
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Fig. 3. Modal curve of T. Nos.
TABLE 3

Monthly frequency of cyclonic storms and depres-
sions in the Bay of Bengal (for the 90-year
period 1891-1980)

Disturbance Frequency
Oct Nov Dec
Storms (cyclonic storms
and above) 69 86 40
Depressions 71 32 23
FTABLE 4

Statistics of cyclonic disturbances in the Bay ol
Bengzal during the months of October to
December for the period 1961-80

Frequency
Cyclonic disturbance

Qct Nov Dec
Depression (T < 2.0) 17 5 7
Cyclonic storm (T-2.5 &
3.0 4 2 0
Severe cyclonic storm
(T-3.5) 4 2
Hurricane (T = 4.0) 9 19 8

TABLE 5

Annual frequency of disturbances in the Bay
of Bengal for October to December for
the period 1961-1980

Disturbances Frequency
Oct Nov Dec

Depression 0.85 0.25 0.35

(0.81) (0.39) (0.26)

Cyclonic storm 0.20 0.10 0.00
(0.46) (0.47) (0.23)

Severe cyclonic storms 0.65 1.05 0.60
and hurricanes (0.30) (0.40) (0.14)
Total 1.70 1.40 0.95

(1.57) (1.26) (0.63)

N.B. — Figures in brackets refer to the period 1891-1960

December and May with a probability of about
409, This study will be useful to the forecaster
in properly estimating the potentiality of the tro-
pical disturbances in the various months.

Acknawledgernicnt

The authors are thankful io Shei V. Balasubra-
maniam, Director, C. W. R. C.. Madras for
giving valuable suggestions,

References

Dvorak, F. Vernon, 1975, Aon. Weath. Rev., 103, p. 42(-

Srinivasan, V.. and Ramamurthy, K., 1974, FMU pan
1V-18.4, India Met. Dep., “NE Monsoon™, p. 23.

Srinivasan. V. and Ramamurthy, K., 1973, FMU part
111-4.1, India Met. Dep., p. 16.

WMO Tech. Notes No. 49, 75, 153,




