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Thermodynamical characteristics of monsoon troposphere over the Bay of Bengal
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ABSTRACT. Thermodynamical characteristics of monsoon troposphere, especially the lower troposphere, over
different regions of Bay of Bengal has been studied utilising the radiosonde data collected by Ocean Research Vessel (ORV)
Sagar Kanya during the period 8 July-5 August, 1991. The results reveal the existence of low level inversions over the central
and adjoining parts of southern Bay of Bengal between 13.4°- 17.2°N and 84.5°- 90.0°E during July-August. The lower
troposphere upto 850 hPa appears to be ahsolutely stable over this region of Bay of Bengal. In total contrast, none of the ascents
taken over the region north of 17.7°N showed any low level inversion. The lower troposphere over the northern Bay of Bengal,
where convection develops under favourable synoptic situations in monsoon, was found to be unstable.

In July the low level inversion appears to extend far south (upto about 10.3°N) but gets disintegrated over the southemn
parts of Bay of Bengal with the advance of scason. Many ascents over the northern and central Bay of Bengal have shown the
occurrence of stable layers near 0° level. In the equatorial Bay of Bengal between 5°-10°N stable layers appear to exist near
400 hPa level and near 850-800 hPa level. The results seem to provide an insight into the pattern of convection over the Bay

of Bengal during monsoon
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1. Introduction

The knowledge about the spatio-temporal variability of

upper air meteorological parameters over the Bay of Bengal
during monsoon is rather fragmentary due 1o non-avail-
ability of routine upper air data from sea areas. The only
source of upper air data from Bay of Bengal have been
international experiments MONSOON-77 and MONEX-

(251)

79. During these experiments limited data were collected by
the Russian ships from the northern parts of Bay of Bengal
(Gopalkrishna et al. 1988). The upper air meteorological
data from different regions of Bay of Bengal were collected
by ORV Sagar Kanya during the period 8 July-5 Augusi
1991, which provided useful information about the thermal
structure of monsoon troposphere over different parts of Bay
of Bengal.
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TABLE 1
Thermodynamical characteristics of monsoon troposphere over different regions of Bay of Bengal

Temperature  Stability/Instabil=
Area over Bay of Date Time Latitude /Longitude Inversion Stable layer 0°level difference 1ty in the lower
Bengal (1991) (UTC) (hPa) (hPa) (hPa) between troposphere
surface and upto 850 hPa
850 hPa level

(0°C)
Central and adjoin- 12 Jul 0000 16.8°N / 90.0°E 1003-940 570- 500 496 55 Stable
ing south Bay of 15 Jul 0000 17.0°N/ 87.5°E 996.5-936 - 485 3.0 Stable
Bengal area 22 Jul 0000 17.2°N / 86.1°E 1000.2-968 - 519 5.1 Stable
22 Jul 1200 17.0°N / 85.5°E 999 6-883 540-500 525 1.3 Stable
24 Jul 1200 14.7°N / 82.3°E 1001.3-949 - 536 6.2 Stable
(Isothermal )
12.4°-17.2°N 1 Aug 0000 12.8°N /81 9°E 1005.4-973 585-500 532 6.9 Stable
(Isothermal)
81.9°-90.0°E 2 Aug 0000 12.4°N / 84.5°E 1006-949 -- 505 28 Stable
South Bay of Ben- 10 July 0000 10.3°N / 85.5°E 1005.6-956 - 504 38 Stable
gal area between 10 July 1200 11.8°N/ 86 8°E 1004.7-951 - 570 6.8 Stable
10%-12.4°N 3 Aug 0000 12.0°N / 87.5°E - .- 595 12.0 Unstable
3 Aug 1200 11.8°N/ 89.0°E - - 546 8.9 Unstabie
North and adjoin- 12 Jul 1200 18.2°N / 90.0°E -- - 576 10.8 Unstable
ing Central Bay of |3y 0000 20.0°N / 90.0°E - - 534 126 Unstable
:?[“]’F]“ﬂ“ri“ north 13 gy 1200 20.0°N / 89.0°E - - 526 10.6 Unstable
14 Jul 0000 18.7°N / 89.0°E 500-491 -- 537 9.6 Unstable
15 Jul 1200 17.7°N/ 87.0°E = 535-500 564 1.7 Unstable
17 Jul 0004 20.2°N/ 88.3°E - 545-500 545 11.2 Unstable
18 Jul 1200 19.0°N / 88.0°E - 560-500 535 14.0 Unstable
Equatorial region 8 Jul 1200 5.5°N / 80.0°E -- 930-850 563 8.1 Unstable
of Bay of Bengal 436-400
south of 10°N 9 Jul 1200 8.5°N/84.0°E -- 800-750 580 9.4 Unstable
455-430
5 Aug 0000 10.0°N / 89.5°E -- 860-730 608 16.0 Unstable
5 Aug 1200 9.2°N / 87.8°E - 430-400 576 11.9 Unstable
TABLE 2
Details of synoptic systems forming over the Bay of Bengal during 8 July-5 August 1991
_é._ Synoptic system  Period Place of first Direction of Place of dissipation Remarks
No location movement
I Well marked 14th-19th  Northwest Bay Westnorthwesterly to - Northwest Madhya Pradesh  Initially seen as a cyclomic circulation
low pressure area and westerly between 1.5 km and 7.6 km as.l. over
neighbourhood the same area on 14 moming
2 Low pressure 21st-27th  North Bay Westnorthwesterly Northwest Madhya Pradesh  Initially seen as a cyclonic circulation
areu and adjoining south Uttar up to 7.6 kim a.s.Lover the same area on
Pradesh 20th
3 Deep depression  27th-31st  Northwest Bay Westerly to East Rajasthan and Initially appeared as a cyclonic
westnorthwesterly neighbourhood circulation up to 5.8 km a.s.l. over
north and adjoining central Bay on 25th
The stability of lower atmosphere over the western A significant factor contributing to the development of
Arabian Sea during monsoon has been well documented intense convection over the north Bay of Bengal during
(Shukla, 1984, Cadet and Diehl, 1984; Ray and Bedi, 1985), monsoon appears to be highly unstable lower troposphere.
There exists a strong low level inversion over the western The necessary buoyancy is provided by high sea surface
and adjoining central Arabian Sea inhibiting the develop- temperature. Over the central Bay of Bengal the convection
ment of convection over that part of the Arabian Sea. The is very much subdued inspite of sufficiently high values of

inversion disappears towards castern Arabian Sea. sea surface temperature (which is, of course, less than that
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Fig.l. Track of ORV Sagar Kanya. Locations indicated pertain to 0000
UTC.

over the north Bay of Bengal). The main factor inhibiting

convection over the central parts of Bay of Bengal appears

to be the stability by prevailing in the lower troposphere.

Johnson et al. (1996) have reported common occur-
rence of stable layers of thickness of about 50-100 hPa near
the freezing level over the tropical western Pacific. They
have also reported the existence of stable layers near 800
hPa level over tropical Pacific and Atlantic. No such studies
are available for the tropical Indian Ocean. However, Anan-
thakrishnan and Keshvamurthy (1974) have reported the
occurrence of such stable layers over Bombay during the
southwest monsoon.

2. Data used

Radiosonde data collected by ORV Sagar Kanya over
the Bay of Bengal during the period 8 July to 5 August 1991
have been used. In all 42 ascents were taken during the entire
period over different parts of Bay of Bengal. Generally two
ascents were taken at 0000 and 1200 UTC. During intensive
observation period additional ascents were also taken. All
ascents have been processed and analysed. The track of
ORYV Sagar Kanya has been shown in Fig.1.

3. Results and discussion

Thermodynamical characteristics of the ascents taken
over different parts of Bay of Bengal have been presented
in Table 1. The ascents have been categorised into four
groups, viz, those in the latitudinal belts 12.4°- 17.2°N, north
of 17.2°N, 10°- 12.4°N and south of 10°N. The categoriza-
tion is based on distinct characteristics observed in the
temperature and moisture profiles after analysing the entire
set of 43 ascents. The set of ascents have been chosen for
each of above regions to high-light above distinct charac-
teristics. Both type of ascents, r.e., morning and evening

(0000 and 1200 UTC) have been presented in order to
eliminate diurnal biases.

3.1. Low level inversions in temperature and mois-
ture over the central and adjoining parts of south
Bay of Bengal between 12.4°-17.2°N, 81.9°-
90.0°E

Out of seven ascents taken over the area 12.4°- 17.2°N,
81.9°- 90.0°E presented in Table 1, five have shown low
level inversions in the layer from surface to 883 hPa. The
ascent of 22 July (1200 UTC) shows maximum thickness of
inversion, ie., 116.6 hPa. All the inversions have been
observed in the longitudinal belt 84.5°-90°E.

Two ascents pertaining to western parts of central and
adjoining south Bay of Bengal taken at 82.3°E and 81.9°E
do not show occurrence of any low level inversion. How-
ever, these ascents do reveal isothermal layers between
surface to 949 hPa and surface to 973 hPa respectively.
showing that all seven ascents had strong stable layers upto
about 1 km from the surface.

Table 1 also presents the temperature differences be-
tween surface and 850 hPa level. The differences range from
1.3° to 6.9°C, showing that lower troposphere upto 850 hPa
over the central and adjoining parts of south Bay of Bengal
is generally stable during July-August.

It may be remarked that average sea surface tempera-
ture over central and adjoining parts of south Bay of Bengal
during the period under consideration was 28.7°C, which is
sufficient for generating necessary buoyancy at the sea-air
interface. Thus the stability in the lower troposphere over
that part of the Bay of Bengal seems to play a role in
inhibiting intense convection. This becomes more apparent
when we consider the synoptic situations prevailing over Lhe
Bay of Bengal presented in Table 2. Unfortunately, we could
not track the deep depression that developed during the
disembarkment period of the ship at Madras from 26-31
July.

A cyclonic circulation developed over northwest Bay
off Orissa coast on 14 July 1991 which became a low
pressure area on 14th evening. On 15th evening the low
pressure area concentrated into a well marked low and
persisted over the NW Bay upto 16th and subsequently
moved westnorthwestward. The monsoon was active over
NW Bay and adjoining areas. Table 1 shows that the ascent
taken on 15th (0000 UTC) over the location 17.0°N, 87.5°E
had a low level inversion between 996.5- 936 hPa. The
ascent was taken only about 150 km south of well marked
low pressure area over the northwest Bay. Similarly, the
ascent taken on 12th (0000 UTC) at 16.8°N, 90.0°E prior to
the formation of low also showed a low level inversion
between 1003-940 hPa. Thus, the intensification of mon-
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Fig.2. T-¢ gram showing low level inversions in temperature and

moisture over northern parts of south Bay of Bengal.

soon trough in association with the formation of low over
the NW Bay did not alter the stability prevailing over the
central Bay in the lower troposphere. Similar feature was
observed during the period of the low pressure that formed
on 21st. Thus the lower tropospheric stability seems to be a
regular feature over the part of central Bay under discussion.

3.2. Low Level inversion over south Bay of Bengal be-
tween [0°-12.4°N

Tephigram of ascent taken on 10 July, 1991 (0000
UTC) over the south Bay of Bengal at 10.3°N, 85.5°E is
presented in Fig.2. Sharp inversions in temperature and
moisture are observed between surface and 956 hPa. Table
1 shows the low level inversion in the same day’s ascent of
1200 UTC also. However, the ascents taken on 3 August do
not show any low level inversion over above mentioned
region of the south Bay of Bengal. These ascents were taken
in the absence of any synoptic disturbance over the Bay. It
would not be fair to draw any definite conclusions regarding
the disappearance of low level inversion in August on the
basis of the meagre data set.

3.3. Non occurrence of any low level inversion and
prevalence of instability over the northern Bay of
Bengal (north of 17.7°N)

It is evident from Fig.1 that north Bay of Bengal was
intensive observation area during ORV Sagar Kanya's
cruise. In all 17 ascents were taken over the area north of
17.7°N. It is remarkable that none of the ascents showed any
low level inversion in the lower troposphere upto lkm, 7
ascents have been presented in Table 1.
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Fig.3.  T-¢ gram showing near dry adiabatic fapse rate in the lower
troposphere upto 1 km over the north Bay of Bengal.

The lower troposphere upto 850 hPa was unstable over
the north Bay of Bengal during the period under study in
total contrast to the thermal structure observed over the
central and adjoining south Bay of Bengal between 12.4°-
17.2°N. Table 1 shows that the temperature differences
between surface and 850 hPa were ranging from 9.6°C to
14.0°C over the north Bay of Bengal. Tephigram presented
in Fig.3 shows near dry adiabatic lapse rate between surface
and 900 hPa at the location 20.0°N, 90.0°E. Thus it appears
that the highly unstable lower troposphere is the major
determining factor for the development of intense convec-
tion and cyclogenesis over the north Bay of Bengal sup-
ported, ol course, by the relatively high sea surface
temperature, It may be pointed out that the average sca
surface temperature at the locations of above ascents over
the north Bay of Bengal was 29.3°C.

Tables 1 and 2 show that the ascents taken over the
north Bay on 12th, 13th and 18th July did not coincide with
any low pressure arca whereas the ascents on 14-17 July
were taken when the low pressure area was present over the
north Bay. The lower troposphere was highly unstable dur-
g this period of active monsoon conditions, The ascents
taken on 19th and 20th July also showed instability in the
lower troposphere but the degree of instability was less than
that observed during the earlier period.

3.4. Stable layers near freezing level over the north-
ern and central Bay of Bengal

Johnson er al. (1996) have reported stable layers near
the freczing level over the tropical western Pacific Ocean.
All the ascents over Bay ol Bengal were critically examined
to identify the stable layers in the vicinity of zero degree
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Fig4. T-¢ gram showing sharp inversions in temperature and moisture
near 0° isotherm level over north Bay of Bengal

isotherm level. None of the ascents taken over the south Bay
of Bengal south of 12.8°N revealed the existence of any
stable layer near the freezing level. However, about 50 % of
the ascents taken over the northern and central Bay of
Bengal north of 12.8° showed the existence of stable layers
near 0° isotherm level. Table 1 shows that average thickness
of these stable layers was 49 hPa. This in good agreement
with the thickness of such stable layers over the western
Pacific reported by Johnson et al. (1996). Tephigram of such
an ascent at 18.7°N, 89.0°E is presented in Fig.4. The strong
stable layer could be seen near 500 hPa level. The freezing
level in this case was 537 hPa.

Johnson er al. (1996) have provided convincing physi-
cal reasons for the occurrence of such stable layers near 0°
isotherm level over the tropical oceans. Such stable layers
are presumably associated with the direct effects of melting
in the vicinity of 0° isotherm level within precipitation
systems or immediately following there decay. Once gener-
ated, the inversions/stable layers may persist for periods up
to a day or longer if vertical mixing or radiation does not
quickly destroy them. Above mechanism for formation of
stable layers near 0° isotherm level seems to hold good also
over the area of continued precipitation especially near the
eastern end of monsoon trough over the Bay of Bengal.

3.5. Stable layers over the equatorial regions of Bay
of Bengal south of 10°N

Two types of stable layers were observed over the
equatorial regions, viz, in lower troposphere between 850-
800 hPa levels and in middle troposphere near 400 hPa level
(much above the freezing level). Thermodynamical charac-
teristic of some such layers could be seen in Table 1. As
reported by Johnson ef al. (1996) the occurrence of stable
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Fig.5. T-¢ gram showing stable layers near 850 hPa and 500 hPa level
over the equatorial parts of Bay of Bengal.

layers near 850-800 hPa level is a common phenomenon in
the tropical regions. They have associated it with the con-
vergence zone. It is interesting to note that such stable layers
over the Bay of Bengal were observed only in equatorial
regions and not over the northern or central parts of Bay of
Bengal. This may perhaps be due to convergence zone
associated with northern hemispherical equatorial trough
seen over sourthern part of the Bay of Bengal.

The stable layers observed over 400 hPa level over the
equatorial regions of Bay of Bengal appear to be very
interesting. Table 1 shows that the thickness of these layers
varied from 25-36 hPa. These layers are observed much
above the freezing level. Tephigram of an ascent taken at
5.5°N and 80.8°E showing stable layers near 850 hPa and
400 hPa levels has been presented in Fig.5.

4. Conclusions

(/) Most of the ascents taken over the central and
adjoining parts of south Bay of Bengal between 12.4°-
17.2°N during July-August, 1991 revealed the occurrence
of low level inversions of varying thickness from 40- 100
hPa in the boundary layer showing strong stability in the
lower troposphere upto about 850 hPa level.

(if) None of the ascents taken over the northern Bay of
Bengal during this period showed the existence of any low
level inversion or isothermal layer in the lower troposphere.
The lower troposphere upto 850 hPa was found generally
unstable during July-August.

(itr) About 50 % of ascents taken over the northern and
adjoining central Bay of Bengal north of 12.8°N during this
period showed the occurrence of stable layers near the
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freezing level. These stable layers seem to be associated with
melting in the vicinity of 0° isotherm level occurring over
areas of continued precipitation.

(iv) In the equatorial regions of the Bay of Bengal south
of 10°N stable layers were found in the lower troposphere
near 850-800 hPa level and above middle troposphere near
400 hPa level.
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