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ABSTRACT The paper presents feamsa observed on radar, of tropical cyclones in the Arabmn
Sea and Bay of Bengal. The featres discussed are the differences in the organisation of cloud ‘bands,
_the structure of the central eye, and the dnsmbutxon of coastal rainfall. Qualitative explanauons are L

oﬁeted Ev;dence of trochmdal movement of (he storm is also presented

.

1. ‘Introductia
several S-band

A netw s has been
set up on th king cyclon-
es in the Bay af Bengal and the Arabian- Sqa
The purpose of this. paper is to discuss sqme
features of the cyclones tracked by the radars at

Bombay and Madras.

Three severe storms were selected for study, of
which two were in the Bay of Bengal and one
over the Arabian Sea. Fig. 1 shows the locations

f e;three cyclones

21 Severe cyclomé storm.. over
- Sea (31 May to 4 June 1976)

This storm developed dunng the onset phase
‘of the monsoon over the Laccadives islands in
the Arabian Sea, Movmg north, it gradua]ly
daepen@d ‘and became a severe cyclomc storm
on the afternoon of 31" May with its centre at
14.5 deg. N, 71.5 deg. E. Its ‘subsequent track
was approximately towards the north with a few
undulations (Flg 1. o ,

The radar echoes are shown in Fig. 2(a)- (c)
The track of the cyclone lay between three oil
drilling ships off the coast near ‘Bombay on 2
June. The ships were able to provide valuable

 weather data. A maximum wind of 90 kt and a
~ minimum pressure of 980 mb were reported by

. e Pﬁse‘nted at th rconfereﬁeé on the Tropml Cycloﬁa held at Shanghai Chma‘ dnring D’Ewber,mo; ¢
, ’ : (89 ,

 Fig. 3(2)-(c). : =

e Arabian

4‘
il

'he cyclnne‘ c

the shjp Haakon Magnus (Fig. 2b

ultimately crossed the coast near south Guja.tat .

2.2. Severe cyclonic over the Bay f Bengal .

~(15-19 November 1976) e

The origin of this cyclone could be traced to
a low pressure area which moved westwards from

the \South China Sea into the Andaman Sea on .
14 November-1976. Subsequently, it concentrat-
ed into a depressmn on the morning of 15 Nov-

ember with its centre at 10.5 deg. N, 87.0 deg. E.
It intensified into a severe cyclonic storm on the

morning of 16th with a centre at 13.8 deg. N,
82.5 deg. E. The radar echoes are shown on

:
o

The cyclone had its landfall at a ‘pa neaﬂy

200 km north of Madras around mid-night -of
16 November. Thereafter, it weakened. -

spread rain was recorded over the coast

to the right of the track on 17 and 18 November.

‘Considerable damage due to high winds was re-

.ported over a narrow path of width. ﬁppmxrmate—«
1y 40 km flong the track of the 5totm after land-

fall. The maximum winds were ‘e funated to be,

between 120 and 140 kt.

2 3, Severe cyclamc storm of Bay af Bengal i :
(11-12 May 1979) :

Tn 1ts mmal stages thls severe cyclo '

dee-r o
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Fig. 1. S-Band; radar network of the India Met. Dep.
) for cyclone warning, and the tracks of the three

- cyclones
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Fig. 2 (a-c). Severe‘cyclone over the Arabian Sea as seen
<roni Bombay radar (18.8°N, 72. 8°E)on1 &2
June: 1976; winds from oil-drilling ships and
coastal.observatories for the appropriate hours
are indicated : -
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Fig. 3(a~c). Severé cyclone over the Bay of Bengal as seen
; from:Magdras.radar (13.2°'N, 80.3° E) on 16
November 1976 - .

such a southerly latitude in the beginnin , of May
was unusual. The depression subg”eguenti’; moved
into northwest and developed into a cyclonic storm

on 11 May. It intensified further during the. day
with a,core of hurricane winds and moved north-
west [Fig, 4(a)-(d)]. Its landfall was at a place
near Kavali on the mid-day of 12 May. Although
it weakened after landfall, it was severe enough
to be a cyclonic storm even 24 hr after crossing:
the coast,

I
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Fig. 4 (a-d). Severe cyclone over the Bay as seen from
Madras radar on 10—12 May 1979; ‘winds
from ships and a coastal observatories for
the appropriate hours are indicated

3. Characteristics of radar echoes

3.1. Main radar features

The main radar features normally associated
with cyclonic storms (Rockney 1956, Senn &
Hiser 1957) are:

({) A pre-hurricane squall line,

(i) Bands of outer convective cells show-
ing cyclonic inflow of air,

»

-




~ RADAR OBSERVATIONS OF CYCLONES IN THE INDIAN SEAS

Fig. 5(2). Central region of the Arabian Sea cyclone at 2154 GMT on 1 June 1976 '

Flg S(b) RHI pncture of the central reglon along azunuth 253°: at 0111 GMT on2 Jun“ 1976
(Range markers at 100 km 1ntervals and helght markers at 5 km mtervals)
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- TABLE 1

Dimensions of the eentral region or the eye, and the eyewall
clo u heights in cyclonic storms

Average Muximum heights

: dia. of - of wall
‘Cyclonic Date Time central  clouds (km)
storm. (1976)  (GMT) region/ = ———A———=
; S eye Nearer Farther

'y
(km) side side

" 2205 40 16 - 15
;cyclone of 02 0018 47.5 10 = 13.5-
Maf CJum O 58 12 145
anun 976 015 52 10125
‘ 0314 95 10 14
1200 @ — — 15
16 0300 30 9
B 0830 48 12
0930 35—
1130 30 21
1215 20 20
1315 26 20
1418 15 21
515 25 17
1615 — 12
800  — 9

NES IN THE INDIAN SEAS a@n |
TABLE 2

Amniparison of the maximum wind speeds ani!lu
mean sea level pressureas ‘estimated from the. sate
pictm-e and aciml reporwd values n‘ear the centres

Wind speed‘ 0 Pressure (mbl
: Max.  Max. Estlmated Lowesi
Cyclonic estimated reported lowest msl
system fromsat. by ‘msl  pressute
picture - nearest  pressufe . reportad
- ghipor atthe from
dslan - ‘centre ©  nedfest
obsy. . ship: or
) - idland
obsy.
@ Ambian 0 %0 J?é e
Sea cy- un un, :
clene” (2 s
(2) Bay of 60 40 ‘992 g
Bengal (16 Nov) : ,
cyclone ,
(15-17
Nov 1976) g ;
(3) Bay of 102 40 954 . 994
Bengal (11 May) : o
cyclone
(11-12 B S
May 1979) )

iy A;raihshxﬁdvmhm&mlbands,
(iv) The: eentral eye and eye wall.
“fhe main feature to which aitention is drawn

~ here, is the lack of organisation of the cloud
. bands as far as the Arabian Sea cyclone was

 goncermed. A shoet isea trdvel of only 700 lm,
~ m:thewdm.v.mrmmﬁym the voast are be-

Jieved to be the main reasons for lack of orgami-
sdtion {Fig. 2(a)-(c)]. It is well recognised that
4he structuse of the boundary layer above the

; meamface determines the vestical transpott of

A 1t mmehodwam-cyclone As the

' cyclone was located wery hear to the coast, it is

~ felt that the boundary layer could not be so well

formed, as was thewase for the other. wo cyclones ‘

;:over the Bay of Bengal (Fxgs 3& 4)
2. TM@@ nd eye«wan c%auets 2
Table 1 provides the dimensions of the eye

mﬂ ‘eye-wall cieuﬁs observed for two of these
’ ﬂlree”x’:yclones. e . :

Arabian Sea cyclone was no less severe. The ob-
servations recorded by an oil drilling ship Haakon

.; Magnus are shown in Table 2.

A number of severe cyei*oﬂeﬁ ‘of the Bay of
Bengal were studied by Raghavan et al. (1980).
He did not find any relation betweea the diameter
of, the eye and the mtenSIty of the ‘
few cydlnnefsajreducﬂbn in the

thi y/ldﬁe appro:
be a reduction iﬁim a‘bs"olutb

h ‘;e Mﬂc:wing spiral w
1o devélerdte and tise upwards. This
is relevant, because subsequent examimation of
the. damage after the passage of a cyclone indi-
cates, ona &ew oecaswns, ﬂaat tshe Mmd eye cOn-J

appear that nthere is need for cautmn in mferrmg ,
= decrease in dntensity (Tmai 1963) of & cyclone
‘merely because of a teduction in diameter of

ﬁzs:ayemmﬁppmntmﬂhpseaswemmmdm,,
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Fig, 6(a-b). Distribution of precipitation along the coast
with the passage of the Arabian Sea cyclone
(3 & 4 June 1976)

Fig. 7. Typical trajectories in the storm field over an
extended interval of time

3.3. Distribution of precipitation

An interesting feature which was observed for
the Arabian Sea cyclone (Fig. 6) was that there
was little precipitation in the forward sectors,
but the main precipitation appeared to be con-
centrated on its right rear quadrant. These ob-
servations were based on raingauges located near
the coast. It is possible to seek an explanation
for this phenomenon in the trajectories of air
parcels in the storm field as idealised by Petters-
sen (1956) over an extended interval of time
(Fig. 7).

Accordingly one could visualise the trajectories
of the highly moist air from rear quadrants of
the cyclone field meeting the north-south coast-
line where they suffered orographic ascent in the
Western Ghats producing the heavy precipitation.

Figs. 8 and 9 refer to the rainfall distribution
on the east coast for the two Bay of Bengal
cyclones. Here, the rainfall was slightly more in
the right front than in the left front quadrant

18 X0 OMT
2
AR
N \\ .

170300 N,/
GMY S

"""" 418 0300 =~
GMT

LRl

MDS4 BAY OF BENGAL

82

24 hr rgintall enging 0360 GMT of
Nov.18.,1976 (in cm )

=~ --storm track

HDS BAY OF BENGAL
80) 82
24 hr rainfail ending 0300 GMT ot
Nov17.1976 (in cm) :
——eFtOrM rock

Fig. 8. Distribution of precipitation along the coas
with the passage of Bay of Bengal cyclone (17 & 18
November 1976) -

130300
S OMT
412 0300 GMT =~ 12 0300 GMT
S, n
~.
1 03006
BaY OF SENGGAT. 2 MpsY BAY OF BENGAL

89 82 BOfE 82
24 hr rginfoll ending. 0300 GMT of 24 hr raintall ending 0300 GMT of
May 12,197 (inem) May 13 1979 (incm ) ®
==--gform track 4 == stormtrack

Fig. 9. Distribution of precipitation along the coast with

the passage of Bay of Bengal cyclone (12 & 13
May, 1979)

while the storm made the landfall but with the
movement of the system inland, the rainfall maxi-
mum shifted to the right rear quadrant. Here
again it is possible to visualise the trajectories
of moist air released from the rear of the cyclone
field causing heavy precipitation at the rear of
the system, due to increased frictional drag over
land (Mukherjee et al. 1966).

3.4. Movement of the cyclone

The movement of tropical storms is influenced
by internal forces besides an interaction between
the cyclonic storm and its external steering cur-
rent. Discussing one such internal force, Yeh
(1950) believes that a storm in the form of a
Rankine Vortex will describe a circular path in
the absence of steering current. When the latter
is present, the interaction between the vortex and
the steering current will tend to make the cyclonic
vortex move along a trochoidal track with a net
progression along the steering current. The ampli-
tude and period of the resulting oscillations will

¥
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Fig. 10; Radar track of the Arabian Sea cyclone
"7 (1 & 2 June 1976) ,

depend upon the basic current as well as the size

and intensity of the storm. Small oscillations of

the storm centre with an amplitude of 1 deg.-
2 deg. (Lat:/Long.) and periods of 12 to 48

hours may be expected.

- Detection of such oscillating motion has be-

come possible with the advent of cyclone track-
ing radars. The Arabian Sea cyclone which was

 tracked with radar for nearly 45 hours (Fig. 10)

was found to describe this type of motion. An

amplitude of about 1/2 deg. and a period rang-

ing from 17 to 12 hours was observed. The Bay

of Bengal cyclone of 12 May 1979 discussed in
this paper also exhibits an oscillatory movement
- (Fig. 11).

4. Conclusions

(1) Arabian Sea cyclones taking a norther-

ly track near and parallel to the west

. coast appear to have a less organised

cloud sructure than the westward mov-
~ ing Bay of Bengal cyclones; however
the wind structure is equally severe.

RADAR TRACK OF CYCLONE OF IO'lang :
| Time cGMT) 1979 4

80

Fig. 11,

(2)

(3)

(4)

B

Radar track of the Bay of Bengal cyclone :

(10-12 May 1979)

Comparisons of the dimensions of the

eye, eye-wall heights and their vari-
ation from storm to storm do not lead

to any definite conclusion on their re-

lative severity. Studies with finer time
scale resolution from ground radar with
simultaneous reconnaissance aircraft
observations of the inner cyclone field
might probably lead to useful conclu-
sions. :

The relatively heavy rainfall on the
coast in the right rear quadrants of a-
moving cyclone appears to be due to
the long trajectories of the moist air of
the cyclone field arriving to the right
of the track after a delay of the order
of 24 hours and interacting with local
topographic features. This information
is useful for forecasting of heavy pre-
cipitation before and after landfall.

Rare cases of movement of the storm
along a trochoidal track, have been ob-

served in this region,

»
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