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Recurving cyclonic storms during 1970-94
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ABSTRACT — Translation speed and place of recurvature of cyclonic storms during 25 years
period 1970-94 are studied. This will help forecasters predict exact landfall of cyclonic storm.
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1. Introduction

The cyclonic storms which move towards north
(south) and then northeast (southeast) in Northem
(Southern) Hemisphere are called as recurving storms.
During pre-monsoon (March, April and May) and
post-monsoon (October, November and December)
seasons over India, many cyclonic storms form over
the Bay of Bengal and the Arabian Sea and some of
them recurve to the north and to the northeast.
Forecasting recurvature of such cyclonic storms is one
of the difficult and vexed problems for forecasters. In
fact, forecast of recurvature of cyclonic storms has
two components. The first one is o forecast the ume
and place (in terms of latitude and longitude) of
recurvature and the second is to forecast the speed of
the cyclonic storm. Both of them are important in
deciding the place and time of landfall for the effective
storm warning work. Frequency of formation of cyclonic
storms over the Bay of Bengal is more than over the
Arabian Sea. So the number of storms recurving over
the Bay of Bengal is more than the Arabian Sea.

When a cyclonic storm recurves over the Bay of
Bengal it crosses the east coast of India anywhere
between Andhra Pradesh coast and Mayanmar coast
depending upon the place (latitude and longitude) of
recurvature. Recurving storms over the Arabian Sea
cross west coast of India anywhere between Kamnataka
coast and north Gujarat coast.

For forecasting the exact place and time of
landfall of recurving storms, we must develop suitable
forecasting techniques.

2. Study of cyclonic storms during 1970-94

Tracks of cyclonic storms for 25 years from
1970 to 1994 were collected from the quarierly
journal "Mausam”. These tracks and storm accounts
are published by the office of Deputy Director
General of Meteorology (Weather Forecasting), Pune.

Table 1 gives number of cyclonic storms and
recurved storms during 1970-94. Figs. 1-3 give the
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tracks of cyclonic storms which recurved during
1970-94. There were in all 267 cyclonic storms during
the twentyfive years period. In four years (1972, 1975,
1976 and 1977), 15 or more cyclonic storms formed
in each year, the maximum being 19 in 1975. In 12
years (1970, 1971, 1973, 1974, 1978, 1979, 1980,
1981, 1982, 1985, 1989 and 1990) there were 10 to
14 cyclonic storms every year. In 1993 and 1994 there
were three and four cyclonic storms respectively. In
other scven years (1983, 1984, 1986, 1987, 1988, 1991
and 1992) there were S to 9 cyclonic storms.

Fig. 1. Tracks of recurving cyclonic storms during 1970-94 (Pre-monsoon season)

Thirtyone cyclonic storms recurved out of 267
during the 25 years period, 1970-1994. No storm
recurved in the seven years period, i.e., in 1972 (out
of 15), in 1977 (out of 18), in 1979 (out of 11), in
1980 (out of 11), in 1984 (out of 7), in 1986 (out of
6) and in 1989 (out of 10).

Twentyfive cyclonic storms recurved over the Bay
of Bengal and six over the Arabian Sea.

Table 2 gives monthwise/seasonwise break up of
the recurving cyclonic storms during 1970-94.
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Fig. 2. Tracks of recurving cyclonic storms during 1970-80 (Post-monsoon season)

In the pre-monsoon season over the Bay of
Bengal, 9 storms recurved out of which 6 were in
May. One cyclonic storm recurved in the pre-monsoon
scason over the Arabian Sca.

In the post-monsoon season over the Bay of
Bengal, 16 cyclonic storms recurved. Out of which
11 recurved in November, 3 in December and 2 in
October. Five cyclonic storms recurved over the
Arabian Sea out of which 3 in November, 2 in
October and none in December.

Out of 9 cyclonic storms in the pre-monsoon
scason, 6 recurved over the Bay of Bengal in May.

Thus, frequency ol recurvature of cyclonic storms
is more in the month of May over the Bay of
Bengal.

Out of 21 cyclonic storms in the post-monsoon
season, 11 recurved over the Bay of Bengal, 3 over
the Arabian Sea in the month of November. Thus
frequency of recurvature of cyclonic storms is
maximum in the month of November both in the
Bay of Bengal and the Arabian Sea.

Table 3 gives the latitudes and longitudes of
recurvature of the cyclonic storms. Table 4 gives
the frequency of recurving cyclonic storm latitude-
longitudewise over the Bay of Bengal.

In the pre-monsoon season over the Bay of
Bengal, most of the storms recurved near Lat 14°N
and near Long. 87.5° E.

In the post-monsoon season over the Bay of
Bengal, the most of the cyclonic storms recurved
near Lat. 13° N and Long. 86.5° E.
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TRACKS OF RECURVING CYCLONIC STORMS 1981 - 94
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Fig. 3. Tracks of recurving cyclonic storms during 1981-94 (Post-monsoon season)

TABLE 1 TABLE 1 (Contd.)

Number of cyclonic storms and recurved storms (3) {4)
during the period 1970-94 i - No recurvature

Number Number of Total Total > . No recurvature
of cyclonic number  number 1
cyclonic storms over of of i
storms Arabian Sea recurving  cyclones
over Bay cyclones  during A . No recurvaiure
of Bengal the year
(3) (6) J. No recurvature
2 14 : -
2 14
15 X No recurvature
10
10
19
15

No recurvature - 18

i 13
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TABLE 2 TABLE 3

Monthwise/seasonwise break-up of recurving cyclonic Latitude and longitude of recurving of storms

storms during 1970-94 s. Date of Latitude of  Longitude of
No. cyclonic storm __ recurvature (N) recurvature (E)
Sl e Bay :]f Ars'b“m Total Pre-monsoon season, Bay of Bengal
Beng ca 1. 2 May 1970 13.0° 87.5°
Pre-monsoon  January 1 Nil 1 2. 3 May 1971 17.5° 88.5°
3. 16.0° 93.5°
March Nl Nil 0 & May 19 . .
4. 22 May 1985 16.5 875
April z N 2 5, 31 Jan 1987 8.0° 85.5°
May 6 1 7 6. 24 Apr 1991 14.5° 87.0°
78 18.0° 88.5°
Fotal g t i 31 May 1991 ) n
8. 16 May 1992 13.0 87.0
Post-monsoon October 2 2 4 9. 29 Apr 1994 14.0° 90.0°
November 11 3 14 Post-monsoon season, Bay of Bengal
1. 8 Nov 1970 12.5° 86.5°
December 3 - 3 2. 3 Nov 1971 17.5° 88.0°
Total 16 5 21 3. 14 Nov 1973 14.5° 88.5°
4. Ty 9.0° 86.0°
Total, (Pre-monsoon + 25 6 31 = Dee 17 . .
Past-monsoon) 5. 23 Nov 1974 12.5 76.0
6. 7 Nov 1975 14.5° 83.5°
] L]
3. Synoptic features causing recurvature of o 24 Nov 1975 125 815
cyclonic storms 8. 15 Oct 1976 13.5° 80.5°
. 9. 76 15.0° 80.0°
Generally, the cyclonic storms move along the 22 Ny 12 . .
steering current of upper tropospheric flow. But the 10. 16 Nov 1981 13.5 90.0
difficulty is to identify the steering level. Even if 11. 4 Dec 1981 12.5° 86.0°
you identify the steering level, there may not be o o
; ; z . 12. 17.0 80.0
wind observations in that level which adds to the 16 Oct 1982 )
o
problem of forecast movement of cyclonic storm. 13. 6 Nov 1983 13.0 87.5
Generally cyclonic storms in the northern latitudes 14. 23 Nov 1988 13.5° 87.5°
tend to move faster as they are under the influence o
. . . 15. 12.5 85.0°
of westerly winds aloft. The cyclonic storms in the 14 Dec 1990
lower latitudes move slower as they are in the 16. 16 Nov 1992 13.5° 87.5°
casterly wind regime in lower levels. Pre-monsoon season, Arabian Sca
; _ L 29 May 1976 12.0° 70.0°
the T:llg":zﬂgflge;ez::::sc:au:g_ Lh:' recur[\;al:re of Post-monsoon season, Arabian Seca
u n in two categories : o
S L. 19 Oct 1975 205 68.5°
(i) Cyclonic storms recurve to the north and to 2. 3 Nov 1978 18.5° 62.5°
the northeast when there is a passage of mid 3. 28 Oct 1981 14.5° 67.5°
and upper tropospheric westerly trough aloft. o o
4, 13.0 65.0
More than 80% of the storms studied here fall 4 Nov 1952
5. 12 Nov 1993 19.0° 64.5°

under this category.
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TABLE 4

Frequency of recurving cyclonic storms (latitude and

longitudewise) in Bay of Bengal

TABLE §

Speed of recurving storms before and after recurva-
ture during day and night

Latitude belts Pre-monsoon  Post-monsoon
North

<12 0 1
212<13 1 5
213< 14 2 5
214 <15 2 2
=215 <16 0 1
216 <17 2 0
217 < 18 1 2
218 <19 1 0

East

< 80 0 0
2 80 < 81 0 3
2> 8l < 82 0 1
2 82 <83 0 0
283 <84 0 1
> 84 < 85 0 0
2> 85 < 86 0 1
> 86 < 87 1 4
> 87 < 88 4 3
> 88 < 89 2 2
> 89 <90 1 0
=29 <91 0 1
> 91 <92 0 0
292 <93 1 0

(if) Cyclonic storms recurve around the periphery

of the upper tropospheric anticyclone aloft. The
remaining 20% of the cases are in this category.

Speed  Speed Day Night
before  after  speed  speed
S. Storm recur- recur- 9 hr 15 hr
No. date/year vature  vature (kmph) (kmph)
(kmph) (kmph)
1. 2 May 1970 - 14 26 6
2. 8 Nov 1970 = 19 14 12
3. 3 May 1971 4 30 23 18
4. 3 Nov 1971 16 44 30 18
5. 14 Nov 1973 5 16 18 12
6. 5 Dec 1973 7 33 16 7
7. 24 Nov 1974 10 27 18 8
8. 4 May 1975 ¢ 26 16 13
9. 19 Oct 1975 8 24 10 (Day and Night)
10. 7 Nov 1975 22 33 21 15
11. 24 Nov 1975 7 11 8 8
12. 29 May 1976 4 22 16 6
13. 15 Oct 1976 14 18 21 22
14. 22 Nov 1976 13 16 16 15
15. 3 Nov 1978 20 17 21 19
16. 16 Nov 1981 10 15 24 11
17. 28 Oct 1981 11 15
18. 4 Dec 1981 9 12
19. 16 Oct 1982 13 21 17 13
20. 4 Nov 1982 ¢ 16 14 13
21. 6 Nov 1983 : :
22. 22 May 1985 8 30 33 16
23. 31 Jan 1987 - - .
24. 25 Nov 1988 11 16 18 17
25. 14 Dec 1990 1o 18 21 17
26. 24 Apr. 1991 3 5 -
27. 31 May 1991 5
28. 16 May 1992 ;s 10 16 15
29. 17 Nov 1992 19 17
30, 12 Nov 1993 19 21
31, 29 Apr 1994 20 40 22 16
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4. Speed of recurving cyclonic storms

Translation speed of cyclonic storms depends upon
many factors. One of the important factors is the
size of the cyclonic storm. The cyclonic storms can
be classified on the basis of their translation
speed and also on the basis of their size as given
below :

(i) Size of the cyclonic storm
(a) Small size — Diameter upto 300 kms

(b) Medium size — Diameter between 300 and
700 kms

(c) Large size — Diameter 700 to 1000 kms

Small size cyclonic storms are fast moving while
the large size cyclonic storms are slow moving.

(ii) Translation speed of cyclonic storm

(a) Slow moving — 10-14 kmph.

(b) Moving with a normal speed — 15-18 kmph
(c) Fast moving — 19 kmph and more.

Small size cyclonic storms (diameter upto 300
km) move with the average speed of 19 kmph or
more. Medium size cyclonic storms (diameter between
300 and- 700 kms) move with the average speed of
15 1o 18 kmph. Large size cyclonic storms (diameter
between 700 and 1000 kms) move with the avcragé
speed of 10 to 14 kmph.

Hourly speeds of all the recurving cyclonic storms
are calculated from the tracks. These are given in
Table 5. Speed of the cyclonic storms before
recurvature and speed of cyclonic storms after
recurvature are also calculated. Speed of the cyclonic
storm during the day (between 0300 and 1200 UTC)
and during night (between 1200 and 0300 UTC) are
also given in the Table 5.

During the day, speed of the cyclonic storms is
more than that during the night. Day speeds are
l'/z times more than the night speeds of the storms
in most of the cases.

The spued after the recurvature of the cyclonic

storms is between 1'.{2 and 2 times the speed before
the recurvature of the cyclonic storm. Other interesting
features are as follows :

(a) When a cyclonic storm recurves in the lower
latitudes (south of 14° N), its speed after
recurvature is about lliz times of the speed
before recurvature.

(b) When a storm recurves in a northern latitudes
(north of 14° N), its speed after recurvature is
wwice the speed before the recurvature.

5. Conclusions

(i) In the pre-monsoon season, the preferred latitude
and longitude of recurvature over the Bay of
Bengal is 14° N and 87° E respectively.

(i) In the post-monsoon season, the preferred
latitude and longitude of recurvatre is 13° N
and 86.5° E respectively.

(i) In the pre-monsoon season, most of the cyclonic
storms recurve in the month of May over the
Bay of Bengal. In the post-monsoon season,
most of the storms over the Bay of Bengal
recurve in the month of November.

(iv) Cyclonic storms move faster during the day
than during the night.

(v) After recurvature, cyclonic storms move faster
than before recurvature. When the cyclonic
storms recurve in the lower latitudes (south of
14° N), their speed after recurvature is about
1‘12 times more than before recurvature. When
the cyclonic storms recurve in the northern
latitudes (north of 14° N), their speed after
recurvature is about 2 times the speed before
recurvature.

(vi) Small, medium and large size cyclonic storms
move with an average speed of 19 kmph, 15
to 18 kmph and 10 1o 14 kmph respectively.
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