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-+ Properties of interacting storms over Indianseasand

 their uses in forecasting

, A;BSTRACT Important properties of two interacting tropical cyclones over’jindian‘ seas are found
- here. %These“p’rppeg'ties can be used in forecasting intensification and movement of two interacting
_ “tropical cyclones on day-to-day basis.. In all six pairs of interacting tropical storms which are: separated

by about 1800 km are studied. Interaction is classified into two types for convenience. In the firs

/type, the two interacting storms. one in the Arabian Sea and the other in' the Bay of Bengal are
‘ studi‘ed.’%‘f” In the second type, the two interacting storms on either side of tt}ef equator ifiéar 6 to

8 deg. N/S and 80 to 95 deg. E are studied. T

« 1. Introduction ' ;
. Interaction between two storms has been
. ° studied by many authors. The first to study was
o  Fujiwhara (1921-23) who treated the interaction
_ ‘between the cyclonic storms analogous to the
 interaction between vortices in hydrodynamics.

He stated that the vortices either attract or repel

_each other when they come very close. The

vortices rotate each other about centre of gravity

" located on a straightline or great circle connect-

ing them. The centre ‘of gravity of rotation

the vortices. If both: the vortices “have equal
 strength, then they form couple and rotate
~about the mid-point ¢ nnecting the two (Reihl
Over the Indian
he two storms is no
interesting part of
. synoptical -and dynamic f ;
o far done are maingwfmm the hydrodynamical

. dynamical point of view and pone from the

as, the interaction between
equent. It forms a most
‘study, both from the

the  Indian s agoes 5
ujiwhara’ effect  because of tho

.

al. This is a
es the relative
derably.

- seas, the intervening peninsular India, p
contributes to the interaction of the: storms

 derably from the famous ‘Fujiwhara effect
’ studied. o : :

" depends upon the relative mass and intensity of

~ Washington, the Gaum bulle
. Weather Charts from Weather (
al point of view. Studies.  storms from 1896 to 1979,

Weazter Reports mbllish d by
cal p . view and none X ~ are also consulted for this stud
ynoptic point of view Interaction between two onsuled. o :,thlsa,vs‘tudy

551,515, 41 : 551.509,51
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(ii)nu,,vFli'j'wiNWhar'a effect is mainly applicaﬁlef‘
storms which are over the open seas. Over 1

.

fore, in this paper, the properties of the intera
storms over the Indian seas which differ

Interaction of two storms can be classifi
two types for convenience. The first type o
action is between two storms one in the
Bengal and the other in the Arabia
second type of interaction is bet
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" The tropical distu
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(i#ii) 6 December to 12 December 1965
(iv) 8 November to 22 November 1977

Though, it was difficult to identify the condition
under which two storms interacted, it was quite
obvious from the behaviour of the two storms
that they were interacting. On the day when

interaction started, movements of both the systems

- were erratic and behaviour was irregular. It was
difficult sometimes to keep continuity of the day-
to-day centres of the storms both from satelllte
and conventional data. This is true for all the
storms discussed in this paper. Storms interacted
each other when they were separated by about
1800 to 2000 km away.

Intensification and movement of interacting
-stroms mainly depend upon the relative strength,
and the distance between them. When two storms
form or exist simultaneously, then we should
know relative strengths so that we can forecast
the intensification and the movement of the
system. When one of the two storms is very

much stronger than the other, then the conven-
tional synoptic observations like — number of
closed isobars, vertical extension of the system,
pressure departure field, ships reports near the
storms if available and the satellite pictures —
will give conclusive evidence of their relative
strengths in a qualitative way. Of the four storms
discussed, three are of this type on the day when
they interacted. As given in Figs. 1 and 3 we can
see that on 8 December 1965 and 8 November
1966, the Arabian Sea storm was stronger than
that over the Bay of Bengal and as in Fig. 2, on
29 September 1966 the Bay of Bengal storm was
stronger than the one over the Arabian Sea. In
this case, it has been found that the stronger of
the two storms inetnsified first and moved; while
the weaker one remained practically stationary
without appreciable movement and’ intensifica-
tion. The weaker one, intensified and moved only
when the stronger one moved away from the
field and dissipated completely. This property
holds good when the stronger one continues to be
stronger till it dissipated as it is the case in these
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give conclusive evidence as to which one of them

intensities, then both move almost wit
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three storms. When the interacting storms are of
comparable intensity or strength (but not exactly

equal, then they form a couple following a famous
Fujiwhara effect) then convectional data may n

is stronger. Moreover, a stronger storm today

_may become weaker the next day relative to the

other storm then also conventional data fail to -
identify their intensities. The storm during the
period 8 November to 22 November 1977 as

‘ shown in Fig. 6 is a typical example of this type.

Such cases are very rare and there is
possibility that we can understand which
stronger. We can see the Fig. 6 where the
of the storm are given. Both the storms I
almost comparable intensifies from

November 1977. Perhaps only on 19th
Bay storm was little stronger than the

Sea storm and as such Bay storm inland and

dissipated earlier. It is worthwhile to mention here
about the relative speed of the interacting storms.
When one of them is stronger than the other, the
stronger one moves with more speed than the
weaker one ; while both have the
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speed as in the case of November 1977 storm.
It would be interesting to find a relation bet-
ween speed of the storm movement and their
relative intensities.

3. Case studies

Case (i) — Storm period from 6 to 12
December 1965

The storm in the Bay of Bengal (hereafter
called as B1) was between the period 7 Decem-
ber and 15 December 1965, and in the Arabian
Sea (hereinafter called as Al) was between
6 December and 12 December 1965. The tracks
of the storms are given in Fig. 1. On 7th both
the systems were depressions and were about
1600 km away. The following observations show
that Al was relatively stronger than the Bl on
8 December 1965 :

Arabian Sea (Al)

6 closed isobars
Ships near centre
West/65 kt

Thereafter, Al intensified first into cyclonic
storm on 8th and started moving towards north-
east and along the west coast of India between
9th and 12th. B1 remained practically stationary
without any movement upto 12th and further
intensified into the severe cyclonic storm by 12th.
Then B1 started moving only on 12th when Al
was completely weakend into low pressure area.
What is significant is intensification and move-
ment of Al on 8th and its dissipation by 12th
while B1 remaining practically stationary between
8th and 12th and start moving later only. Speed
of movement of Al between 8th and 12th is much
more than B1 during the corresponding period.

Bay of Bengal (B1)

4 closed isobars
Ships near centre
Southeast/40 kt

Case (i) ———Storni period from 29 September
to 5 October 1966

The period of the storm in the Bay of Bengal
was between 27 September and 1 October 1966
(hereafter called as B2) and in the Arabian Sea
was between 29 September and 5 October 1966
(hereafter referred as A2). The tracks of the
storms are given in Fig. 2. B2 formed as depres-
sion on 27th and remained so upto 29th while
A2 formed as a depression on 29th only. Both
the systems on 29th were about 1400 km away
and the following observations of 29th show that
B2 was stronger than A2 :

Bay of Bengal (B2)

Three closed isobars
Max. winds reported
by ship near centre
Northnortheast/30 kt,
Southsouthwest/30 kt.

Arabian Sea (A2)

Two closed isobars
Max. winds reported
by ships near centre
West/15 kt

B2 intensified first and moved first and was a
severe cyclonic storm on 1st near 22.5 deg. N and
90 deg. E. While A2 remained stationary bet-
ween 29 September and 2 October 1966. A2
intensified on 2nd and moved only when B2
dissipated. The speed of movement of B2 between
the period 29 September 1966 to 1 October
1966 was much more than A2 during the same
period. In fact, A2 remained practlcally stationary
during this penod

Case (iii) — Storm period from 1 to 14
November 1966

The storm formed as a depression on 8th over
Bay of Bengal (hereafter referred to as B3). The
other storm formed in the Bay on 1 November as
depression and moved across south peninsula,
emerged into Arabian Sea and was a cyclonic
storm by 8th (hereafter called as A3). The
distance between B3 and A3 was about 1900 km
on 8th,

A3 was stronger than B3 on 8th, it intensified
first and moved away, while B3 intensified into
cyclonic storm on 9th (See Fig. 3).

Case (iv) — Storm period from 14 to 22
November 1977

The storm in the Arabian Sea was from
14 November to 22 November 1977 (hereafter
called as A4) which formed as a depression over
Bay of Bengal on 8 November 1977. The storm
in the Bay of Bengal was from 14 November
to 20 November 1977 (hereafter called as B4).

The tracks of the storms are given in Fig. 6.
In this case, the strengths of A4 and B4 were
most comparable though B4 was slightly stronger
than A4 particularly on 19th, B4 is that famous
Andhra cyclone which caused lot of devastation.
The distance between A4 and B4 was approxi-
mately about 1600 km on 18th. We can see, from
14th onwards, B4 had more speed than A4 till
the end. Between 16th and 18th, A4 form a
loop maintaining the same intensity. Again on

19 November 1977 B4 moved faster and dissi-

pated on 20th while A4 moved slower and was
still over the sea on 20th.

. 4. Conclusions

We can draw following conclusions which can
be used in day-to-day forecasting :

(1) Storms interacted each other when they
were separated by approximately
1600 to 1800 km away.

(2) The interaction can be perceived by
the erratic behaviour and irregular
movement of either or both of the
storms,




' (3) The stronger of the two storms, intensi-

fies first and ‘moves away while the

~ movement and intensification.

(4) The weakerf“nné iﬁ}tensiﬁés‘ and moves

only when the stronger one moves away

and dissipates completely.
(5) Speed ‘of movement of the storm
" depends upon the relative intensities of
- storms. s R R

5. Second type of interaction e
" For studiying the interaction between two

storms one in northern hemisphere and other in

scuthern hemisphere on either side of the' equa-
tor, the following three cases are studied. The
periods of these storms were (1) 1 to 14 May
1979, (2) 19 to 29 November 1978, (3) 8 to 22
November 1977 (this is common for both the
- types). From the study of these storms, we can

see that all the conclusions under 4 hold true for
 these interacting storms more accurately, for

storms 1 to 14 May 1979 and 19 to 29 Novem-

~ ber 1978 as in Figs. 4 and 5.

Case (v) — The storm period in northern
‘hemisphere was from 5 to 14 May 1979 (here-
~ after called as NI) and the corresponding in
southern hemisphere was from 1 to 8 May 1979
. (hereafter referred as S1). Tracks of the system
as given in Fig. 4 by satellite picture' and Gaum

bulletins are drawn as the conventional data over

the sea areas was sparse. On 5th NI, was a dep-
ression so also S1 separated by about 1500 km
away. Behaviour of N1 and S1 were very much
erratic throughout upto 8th. S1 was stronger than
N1 upto 6th at 0910 GMT as per the current
intensity number given by satellite clouding.

~ Between 6th 0910 GMT and 7th 2100 GMT

both S1 and N1 detoured and formed a loop
simultaneously as shown by satellite pictures.
At 7th 2100 GMT, NI, became more intense than
S1 according to satellite current intensify num-
‘ber. Further on 8th 0848 GMT, N1 further
~ intensified while S1 became very much weak. By
- 9th, N1 moved northwest and S1 moved south-
cast. ;

Case (vi) — The storm period in northern
- hemisphere was from 19 to 29 November 1978
(hereafter called N2) and other from 19 to
27 November 1978 (hereafter called S2). The
tracks of the storms are shown in Fig. 5. Both

the systems were about 2000 km apart between . V

19th morning to 22nd evening. N2 intensified
_into severe cyclonic storm on 20th evening while
S2 remained tropical storm. Between 21st and

22nd evening, N2 and S2 moved almost parallel

~ in a westsouthwesterly direction. Later N2 moved
(in a northwesterly, direction and S2 in a south-

~easterly direction,

'STORMS OVER INDIAN SEAS & THEIR FORECASTING
k e Case(wi)-—-The a"‘s‘te;rmf:t‘
1977 in the Arabian Sea (say N3,

‘ern hemisphere was between .
ber 1977 (say 83).

~ weaker one remains without appreciable
see is on 19 November 1977
" An interesting finding which emerge

this study is that a low pressure system

‘north of 10 deg. S). That means the two sys

sure gradient force in a cyclostrophic flo

34 kts to form a cyclonic storm. But, in the case

o each other (say south of 6 deg. N or

phere was from 14 Novembe:

he Ar:
are given in Fig. 6. Whe

were interacting, perhaps a"'\‘rery rare
menon. Both the storms N3 and S3 repelled ea
other and moved away. Other conclusions do no

t
hold good here. .

equator in northern hemisphere (say sout
10' deg. N) can intensify into a cyclor
when there is an interacting low pressure s
near the equator in southern hemispher:

near the equator one each in northern hemisph
and southern hemisphere can form, intensify i
cyclonic storm simultancously. Dynamic
is difficult to explain the formation of cy:
storm near the equator as the wind flow bec
mainly cyclostrophic in the absence of cori
force. For a synoptic scale of systems, the
of the centrifugal force (which balances

and wind strength does not increase to requi
of the two interacting storms near the equator on
cither side, the westerly wind strength is mainte
ed and systems can intensify into cyclor
The recent Andhra cyclone (between 6 to -]

May 1979 which crossed Andlira coast on 12th
evening is a typical case of illustration. The tracks
of the storm is given in Fig. 4. The systen
sified into cyclonic storm at 6 deg. N in ass
tion with another interacting storm at 6 deg.

It is also worthwhile to see the moveme

the interacting storms on either side
equator. Of particular interest is case
given in Fig. 4. Mukherjee et al. (1979) hypo-
thesised that the two interacting storms on either
side of the equator have a tendency :
eastwards. They explained their hypothesi
the basis of the vorticity of moving parcel ac
the equator. When we examine the storm
as in Fig. 4, we find that both the stor:
interacting from 5 May 1979 at 0925 C
given by satellite disturbance summary,
at 0910 GMT both the storms move
east before forming a loop. Thus, this case illus-
trates clearly the hypothesis of Mukherjee ez al.

(1979). ’
6. Conclusions

of interaction under 4 also hold here.

(2) An interesting finding is two low pressure
system on other side of the equator very close

(1) All the conclusions drawn for theﬁrs_ttype
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of 6 deg. S) can intensity into cyclonic storms
when both of them are interacting each other.
This cannot be otherwise explained dynamically.

(3) Interacting storms on either side of the
equator have a tendency to move towards east.
This hypothesis by Mukherjee et al. (1979) is
nicely illustrated by the storms from 5 to 14 May
1979,
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