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ABSTRACT. Rainfall associated with eastward moving westerly systems (WD or induced low) in winter, is
normally confined to north of 20 deg. N and moves eastward as the system moves. In a specific case during Dec-
ember 1980, the rainfall activity was observed to extend southward as far as 15 deg. N. Synoptic situation sug-
gﬁts that this is probably due to linkage of a western disturbance with a low pressure area over Arabian Sea,

ome features observed on weather charts, satellite and radar pictures during

sented in this paper.
1. Introduction

According to Pisharoty and Desai (1956), wes-
tern disturbances are defined as*Eastward moving
upper air troughs in the subtropical westerlies,
often extending down to the lower troposphere
of the north Indian latitudes during the winter
months”. Several workers, Singh (1963, 1979),
Datta and Gupta (1967) brought out in their
case-studies, the intimate connection of the
upper westerly troughs with the intensification
and movements of western disturbances over
Indo-Pakistan region. Theseupper tropospheric
troughs often give rise to closed cyclonic cir-
culation on the surface or cut-off lowsin the mid-
tropospheric levels over Iran, Afghanistan, Pakistan
and adjoining north India and are responsible
for rain/snowfall over these areas. Sometimes,
in association with intense western disturbances
approaching Indo-Pakistan region, induced lows
also develop at somewhat southern latitudes.
These also move eastward and cause rain across
north west and central parts of India. But between
20-23 December 1980, when such a system in
westerlies passed over the country, the rainfall
activity extended southward as far as 15 deg. N.
In the present paper, synoptic situations responsible
for such an extended rainfall activity have been

discussed.

Singh (1979) pointed out that the intensification
of the upper westerly trough is connected inti-
mately with southward migration of a cold pool

passage of this system, are pre?

of air from the north. This can be noticed pro=
minently at 500 mb level. In view of this, 500 mb
charts have been used in the present study.
Satellite and radar observations recorded at Colaba,
Bombay are also utilised.

2. Synoptic situation

Fig. 1 shows 500 mb constant pressure charts
of 20, 21 and 23 December 1980 respectively.
The location of the subtropical jet stream axis
at 250 mb has been superposed on these charts
and shown as a thick line.

From the Fig. 1 (a), it is seen that a westerly
trough at 500 mb level was extending roughly along
67 deg. E., north of 15deg. N at 20/0000 GMT,
By 00 GMT of 21st (Fig. 1 b) thisupper level trough
deepened and formed a ‘Cut-off low’ over south
west Pakistan and adjoining Iran. This ‘cut-off
low” moved eastward slowly and by 23rd [Fig.1(c)]
it started filling up as is evident from rise in contour
and temperature values.

A surface low formed over south Pakistan or
20 December 1980 and intensified under the in-
fluence of intense upper level westerly trough.
At 00 GMT of 22ad it was located over south west
Rajasthan and adjoining Gujarat. A trough on
the surface from this system was extending to the
south off Maharashtra coast and was joining
a low pressure area over east central and adjoining
south east Arabian Sea (Fig.4). This linkage of
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the surface low with low pressure area of Arahian
Sea is a less frequent phenomenon. At this time
the well marked trough associated with cut-off
low in mid tropospheric westerlies extended from
north east Afghanistan to east central Arabian
Sea roughly along 68 deg. E. Under the influcnce
of this trough the surface low over south west
Rajasthan intensified further into a depression
centred about 50 km north of Barmer at 1200
GMT of 22nd. On 23 Dec, the svstem weakened
to a well marked low over central rart of Rajasthan
and subsequently (on 24th) it was secn as a cvelo-
nic circulation over east Rajasthan and neighbour-
hood. The linkage of induced low with the low
in the Arabian Sca seems to have occurred on 21st
and became more prominent on 22nd. This linkage
might -have partly contributed to the intensi-
fication of the induced low by providing strong
incursion of moisture into it as can be seen from
Fig. 5 which shows the wind flow #t 0.9 km
asl on 21st and 22nd. Due to this mositure incur-
sion there was rain over a wide area as seen from
Fig. 6. The 24 hours rainfall recorded at Bombay,
Matheran, Bhira and Mahabaleshwar were 264
and 5 cm respectively,

2. 1. Satellite and radar ohservations

Fig. 2 (a) shows the cioud imaygery  received
on 21 Dec., from the NOAA-6 satelliie at APT
station, Bombay. There are two distinet cloud
masses. The cloud mass marked from A to D
is associated with extra tronical system. This
cloud mass is elongated almost in 2 straight
line from 27 deg. N, 64 deg. I to 44 deg. N,
83 deg. E having total length about 2000 km.
The width at arcas marked A, B, C and D is about
500 km and these different resions can be vis-
ualised as the developing wave crost: expecied
in the initial stage of an ETC. The other main
cloud mass from F to F is attributed to the st
westerly jet strear extending over Jodhpur. Do
and eastward. The transverse
clearly visible towards south of
indicate that this region ic I
Table 1 shows the upper wind ¢
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level. The satellite pici
shows that the induced low ha

ue well marked.

Fig. 3 shows the radar obsarvations taken on
22 December 1980 with S-band radar at Colaba,
Bombay. It is seen that the clouds developed in
a narrow belt with orientation from SW to NE
direction and were in the region of confluence
zone as cvident from stream line charts (Fig.5).
The clouds were convective type and of well
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Fig. 1{c). 500 mb chart of 0000 GMT on 23 Dec 1980
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Fig. 3. Radar photograjhs at @ (a) 0614 GMT and
(b) 0702 GMT of 22 December 1980
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Fig. 6. Rainfall recorded at 03 GMT on 23 Dec 1980
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TABLE 1
Upper air wind data at 00 GMT of 21 December 1980
GOA BMB AHM JDP GWL DLH

—— —— —— e e
ddd i ddd ff ddd fi ddd ff ddd f ddd ff

145 23 210 37 230 41 205 45 — — 250 45
220 41 220 52 235 56 210 65 260 70 260 55

220 54 195 54 245 109
245 57 210 58 230 103
240 35 215 58 245 81
100 240 07 235 31 —_ =

70 250 95

240 75 260 125
240 75 245 60
— — 270 45

developed vertical structure. The heights of clouds
tops were about 10 km. Ascent taken at Bombay
on 22 December showed considerable increase
in latent instability and moisture depth over that
of the previous day.

The cloud pattern moved north-eastward as
indicated by arrows for some indentifiable clouds.
It is noteworthy that during the last 5 years of
radar operation, this is the first time when such
alignments of cloud cells have been observed in
this region.

3. Discussion

During the early winter, i.e., December, southern-
most part of the peninsular India gets rainfall
from the northeast monsoon and also occasionally
with the westward passage of weak disturbance
along an active near-equatorial trough of the
northern hemisphere. This rainfall is confined to
south of 12 deg. N. Rainfall from eastward moving
disturbances associated with jet stream is con-
fined to north of latitudes 23 deg. to 25 deg. N
(Ramage 1971). There is hardly any rainfall bet-
ween these two limits.

On 20 December a diffluent trough in the
westerlies at 500 mb was extending along 67 deg.E
north of 15 deg. N. According to Pisharoty and
Desai (1956), such a situation is favourable for
the development of secondaries (induced low)
over Indo-Pakistan region. Further deepening
of these are mainly connected with upper air
divergence and feed of warm and moist air from
Arabian Sea. Singh (1979) reported that the sur-
face systems develop and decay along with the
upper air westerly trough with which they are
associated. He concluded that most of the induced
lows over west and central India, intensify under
such synoptic conditions. However, in the present
case, interaction of westerly system with a low
pressure area over the Arabian Sea seems to be
a contributory factor in the intensification of
induced low.

Riehl and Shafer (1944) reported that during
winter relatively strong tropical and extra tro-
pical disturbances when approach the same longi-
tude they get linked mutually and intensify. In
such a situation upward motion (Ramage 1955,
Pisharoty and Desai 1956) east of the southern
disturbance, destroys the normal subsidence
and brings rain and bad weather in the eastern

portion of the two systems. With the delinking

of the two systems the bad weather dissipates

and normal subsidence returns again. However

in the present case, only the northern disturbance |
(induced low) intensified and the low pressure

area of the Arabian Sea drifted eastward over

the land.

Pisharoty and Desai (1956) also 1eported that
the interaction between westerly and easterly
troughs, during winter months, occurs when
there is an in-phase super-position of the two
Under these conditions the ‘high’ to the east of
the two troughs reinforce each other and there
is a possibility of the moist air of the easterly
wave system feeding to the eastern side of the |
westerly wave and thereby increasing the precipie
tation capacity of the western disturbance. Our
study confirms the conclusion mentioned above
except revealing rather unusual case of linkage
of a western disturbance with low pressure area
over the Arabian Sea.

4. Conclusions

(1) The case shows the linkage of a western
disturbance with a low in the lower tropospheric
easterlies in the Arabian Sea off west coast of
India in winter, which is a rare phenomenon.

(2) The intensification of the western distur-
bances over south Pakistan and adjoining Raj-
asthan appears to bz connected with the upper
tropospheric westerly troughs as envisaged by
other workers.

(3) The linkage of the western disturbance
with a low in the easterlies which feeds moisture
to the former, seems to be a contributory mecha-
nism for the intensification of the western dis-
turbance.

(4) In such a situation rainfall / bad weather
extends from tropical low to the western distur-
bance east of the extended trough line. y
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