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ABSTRACT. The present study deals with three aspects of Bay of Bengal depressions during the monsoon
period (7) to trace the possible origin of the disturbances, (i) vertical structure during the formative, mature and
decaying stages, and (iii) examination of the inter-relation between the intensification of depressions in the Bay
and the strengthening of the lower tropospheric westerly jet and tropospheric uppar level easterly jet. In all, 64 cases
of monsoon depressions which formed in the decade from 1970 to 1979 have been studied.

It is observed that (i) 82 per cent of the total number of the systems advected either from east or southeast,
(if) the tilt of the circulation with height, was in the direction from which the systems advected in the formative
stage. In the mature stage, there was practically no tilt and during the dissipating stage, no wel_l-deﬁr_ncd pattern
was observed and (iif) the lower level westerly jet strengthened 1-2 days prior to the maximum intensification in
about 55 per cent cases, whereas the strengthening of upper level easterly jet and maximum intensification were

simultaneous in about 75 per cent of the total number of the cases.

1. Introduction

Depressions formed in the Bay of Bengal are
one of the important synoptic scale phenomena
and a topic of interest for several researchers.
Cyclones/depressions in the Bay and their three
dimensional structures are among the scientific
objectives of summer Monex-79. The present
study investigates the following aspects of the
monsoon depressions over the Bay of Bengal:

(@) To find the possible origin of the distur-
bances, i.e., to investigate whether the distur-
bances form jn situ in the Bay or the source of the
ge;saturbanoes lies in the east/southeast China

(b)) To examine the vertical structure of the
disturbances during the formative, mature and
decaying stages, i.e., tosee thetilt of the upper-
air circulation with respect to the surface in
different stages of development the system and
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(¢) To examine the role of depressions over the
Bay of Bengal in strengthening the lower level
westerly jet (LLJ) and upper level easterly jet
(TEJ) and vice-versa.

It has been a matter of debate amongst the
meteorologists as to which is the cause and which
is the effect. The present study endeavours to
find an answer to this very important problem.

Iyer (1938) in his classical paper postulated
that most of the depressions which form over the
Bay of Bengal have their genesis associated with
the disturbances in the Pacific or China Sea. In
recent paper, Saha and Shukla (1980) have found
that about 87 per cent of the lows and depressions
that formed in the Bay of Bengal during July
and August over a ten years period (1969-1978)
had their predecessors coming from the east,
George and Datta (1965) studied a monsoon
depression of September 1963 having formed out
of the remnants of a typhoon from the Pacific
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TABLE 1
Origin Westerly jet Easterly jet
et Ry e e o~ As \
% of %of  Simultan- Max. wind o, of  Simulta- Max. wind
No. of systems cases in eous speed cases in  neous speed
cases from E which strength- (kt) which jet streng- average
Month studied to SE wind ening (average) streng-  thening (kt)
strength- (%) thened (%)
ened 1-2 days
1-2 days prior
prior
May 7 90 50 10* 35-40 50 50 50-55
Jun 12 75 60 45-50 40 60 60-65
Jul 15 83 67 33 45-50 30 70 60-70
Aug 17 87 40 40-45 20 80 55-60
Sep 13 75 50 50 40-45 25 75 50-55

*Rest of the 509, cases inconclusive

Ocean under upper level divergence at 200 mb
anticyclone. Ramanna (1965) found that about
17 per cent depressions are formed out of the
remnants of Pacific typhoons.

Srinivasan et al. (1972) traced the centre of
depression southwards with height. Choudhary
and Appa Rao (1976), Godbole (1977) and Mandal
et al. (1979) also analysed the vertical structure
of the disturbances. Many authors have inves-
tigated the interaction between the disturbances
and the strengthening of LLJ & TEJ. Koteswaram
and George (1958) relate the formation of the
depressions with troughs in upper tropospheric
casterlies and strengthening of the easterly jet.
Joseph and Raman (1966) found that the low
level jet stream in July has a core of about 1.5
km and speed upto 40-60 kt. The present study
is an examination of some of these aspects, for
the monsoon depressions for the decade 1970-
1979.

2. Data and method of analysis

In all 64 cases of monsoon depressions which
formed during the decade from 1970 to 1979 in the
months of May to September have been studied.
Daily synoptic charts plotted by NHAC, New Delhi
were used. Synoptic charts prepared at Meteo-
rological Office, Safdarjung, New Delhi, were
also referred to. Data sets of Monex-79, Mon-
soon-77 and ISMEX-73 were also extensively used.

To trace the origin of the systems, synoptic
charts a few days prior to the formation of the
low pressure area (LPA) in the Bay of Bengal
were studied. Besides well-defined low pressure
systems moving westwards, the pressure changes
and the rainfall pattern were also considered
to trace the source of the systems which intensify
in the Bay.

To find the vertical structure of the disturbances,
centres of cyclonic circulations at standard levels
were taken from the analysed synoptic charts.

In order to find out the role of LLJ, vertical
time sections of the winds at the following three
latitudinal belts were prepared :

(i) 8° N — Cochin, Trivandrum, Columbo,
(i) 13° N — Mangalore, Bangalore, Madras and

(iii) 18° N — Bombay, Hyderabad, Visakhapat-
nam.

Wind data for 00 GMT for the above mentioned
stations at 850-700 mb were used for studying
the LL). For studying the interactions of TEJ
with the disturbances, vertical time section of the
winds at Calcutta and Agartala at 200 and 100 mb
were prepared. In a few cases when 00 GMT
data were not available, 12 GMT data were used-

3. Discussion and results
3.1. Source region of monsoon depressions

Table 1 gives the monthwise classification of
the cases studied. The frequency of the systems
was highest in August, followed by July, Septem-
ber, June and May.

About 82 per cent of total number of distur-
bances seem to have their sources either in east
or southeast. Some of the disturbances could be
distinctly seen, as originated from the remnants of
Pacific typhoons. Very few, ie., about 15-20
per cent of the total disturbances formed in-situ.
Pressure departure and the pressure change
charts are being plotted routinely in the India
Meteorological Department have been extensively
used for the study.

3.2. Vertical tilt of monsoon depressions

During the formative stage, the tilt of the
wave axis was generally towards the direction of
advection. In the mature stage, there was no
tilt in the associated upper air cyclonic circula-
tion. In the weakening stage, the pattern was
not well defined. However, the associated
upper air circulation at 300-250 mb, whenever
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Fig. 1. Track of the cyclonic storm
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Fig. 2. Tilt of the circulation with height
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Fig. 3. Lower tropospheric westerlies : (1) 850 mb,

(2) 700 mb s

it extended upto that, showed a southwestward
tilt regardless of the stage of the system. The
systems in the formative stage generally had a
cyclonic circulation upto 500 mb, whereas in
the mature stage,* deep depression (DD) and
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Fig. 4. Upper tropospheric easterlies
(1) 200 mb, (2) 100 mb

cyclonic storm (CS), it extended upto 300 mb
level. In a few cases, the upper air circulation
extended upto even 250 mb. In general, the area
of the cyclonic vortex shrinks with the height and
changes to anticyclonic circulation around 250-200
mb levels.

3.3. Low level westerly jet (LLJ) and the
monsoon  depressions

Of the vertical time sections drawn for the
three latitudinal belts, the southern] belt com-
prising of Cochin, Trivandrum and Colombo
generally showed higher winds. The winds streng-
thened gradually during the formative stage.
In most of the cases, there was a strengthening
of the LLJ 1-2 days prior to the maximum inten-
sification of the system (Table 1). In a majority
of the cases, the LL] weakened in the decaying
stage. However, persistence of higher winds
could be seen in the mature stage. The strength
of the jet was more in June and July compared to
that in August and September.

3.4. Upper tropospheric easterly jet (TEJ) and
the monsoon depressions

The TEJ as shown by Calcutta and Agartala
winds strengthened gradually with the inten-
sification of the system in about 75 per cent
cases. The TEJ weakened as the system dissipa-
ted over land.

4. A typical illustration

A typical case of a cyclonic storm which formed
in the month of July 1977 is presented below:

A low pressure area (LPA), formed on 1 July
1977 at 18°N and 92°E, moved northwestward
and intensified into a cyclonic storm on 6th.
It is evident from the pressure departure charts,
one to two days prior to the formation of LPA,
over the east central Bay, that it was formed as
a result of the passage of the lower level easterly
low pressure wave from the western Burma
coast and adjoining area.

The circulation in the formative stage (3 to
5 July 1977) extended upto 500 mb and showed
a marked eastward tilt, that is, in the direction
from which the¥system advected (Fig. 2). On
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Fig. 5. Upper level divergence at 200 mb

the day of maximum intensification (6 th), there
was no tilt in the upper air circulation upto 500
mb but at 300 mb, southwestward tilt could be
seen. In the weakening stage of the system (7 &
8th) the circulation extended upto 500 mb and a
westward tilt with height was observed. This
conforms to our earlier observation in the sec-
tion 3.2.

The LLJ strengthened gradually and attained
its maximum intensity on 4th and 5th, ic., 1-2
days prior to the maximum intensification of the
system. Wind speed upto 50 kt was observed at
Mangalore (13°N, 75°E) at 700 mb on 4th.
The second and the third latitudinal belts specially
showed a marked increase a day or two prior to
6th, the day of maximum intensification of the
system (Fig. 3).

Figs. 5 (a-c) depict the vergence field at 200 mb
on 5, 6 and 7 July 1977 respectively. There was
an upper level divergence of the order of 6% 10-5 /5
on 6th in the northwest sector of the system at
lower levels. A divergence of about 4x10-5 /s
could be seen on 6th in the northwestern sector
of the depression. On 7th as the lower level
system weakened, the upper level divergence in the
north of the depression also reduced to about
3% 10—/ s. The upper level divergence started
from 300 mb level in the formative and weakening
stages, whereas, in the mature stage, it started
at 200 mb. Computations of divergence at all
standard pressure levels have been made but not
presented here for economy of space.

5. Conclusions

(i) 82 per cent of the systems advected either
from east or southeast confirming the postulate
of Iyer (1938).

(if) The tilt of the wave axis was in the direction
from which the systems advected in formative
stage. In the mature stage, no such tilt was obser-
ved. In the weakening stage no well-defined
pattern was found. The area of cyclonic vortex
decreased with height.

(iif) The lower level westerly jet strengthened
1-2 days prior to the maximum intensification
in 55 per cent of the total cases, whereas, the
strengthening of the upper level easterly jet and
maximum intensification were simultaneous in 75
per cent cases.
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