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ABSTRACT. Upper-air data of 0000 UTC for standard isobaric surfaces at surface, 850, 700,
500, 400, 300, 200, 150 and 100 hPa levels for the different cyclonic periods in the last decade
were considered for stady. The dry static energy, the latent heat energy, the moist static energy and
the total energy and their vertical distribution were studied in the surroundings of the Bay of Bengal
in relation 1o the movement of the cyclone and their ultimate landfall. The effects of different
topospheric energies considering the pressure as a vertical coordinate are discussed with the help of

graphs,
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L. Introduction bordering the Bay of Bengal, specially west and
north, are so much victimized.

Because of the special geographical location,

Bangladesh is devastated by different natural disasters It is generaily accepted that the track and the
like tropical cyclones, nor’westers, tomado. foods intensity of the cyclone in the tropics depends mostly
etc. One of these, wopical cyclone is the most on the sea surface temperature (SST). Once formed.
devastatng and may cause huge damage and loss the cyclone is found to move over middlc latitude
to lives and properties in Bangladesh. Cyclones oceans where the ocean is colder (Krishnamurti 1979
forming in the Bay of Bencal move mitially towards

west or northwest; at times they recurve and move The role of energy fluxes is (o govern  Lhe
te north and northeast As & resuli, the countries atmospheric circulation as well as the physical processes
*Present affilianon ; On leave of ihsence from Depariment of Physics, BIT Khulaa, Khulna - 9203, Bangladesh
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responsible for the formation of tropical cyclones.
Therefore, it is essential to study the role of tropospheric
energy and their vertical distribution in prediction of
formation and movement of tropical cyclones in respect
of their intensity, track and landfall.

In the present study we have examined the behaviour
of different tropospheric energies, such as, the dry
static energy, the latent heat energy, the moist static
energy and the total energy and their vertical distribution
in the surroundings of the Bay of Bengal during the
cyclonic periods. We have considered several severe
cyclonic storms with a core of hurricane winds and
one cyclonic storm formed in the Bay of Bengal and
crossed the Bangladesh coast in the last decade. The
severe cyclonic storms with a core of hurricane winds
occurring in 1994, 1992, 1991, 1988 & 1985 and the
cyclonic storm of 1992 have been considered for the
study. We have tried to form a clear idea about the
vertical distribution of encrgies in the surroundings of
the Bay of Bengal.

2. Method of analysis

We computed the different tropospheric energics,
such as, the dry static energy, the latent heat energy,
the moist static energy and the total energy by using
the following relations:

Dry stalic cnergy
s=C,T+gZ (1
Moist static energy

h=CPT+gZ+Lq (2)
Total energy = C,T + gZ+Lq+5 V2 @3)
where,

C, = the specific heat of air al constant pressure

~
Il

the basic stale absolute temperaturce

g = the acceleratuon duc Lo gravily

N
1}

the geopotential height in meter

~
i

the latent heat of ¢vaporation of water

V = the wind speed

C,T' = the specific enthalpy

gZ = the potential energy per unit mass

Lg the latent heat enmergy per unit mass

v? = the kinetic energy per unit mass

[T

g = the specific humidity.

The empirical formula for specific humidity is
given by:

rd, 0.622 * E(T,)
e @)
100 P-038+E(Ty)

g, = specific humidity at saturation

P = the basic state of pressure

T, = the dew point temperature

I

Ty = the dry bulb temperature

E(T; = the sawration vapour pressure at dew

point temperature

E(T;) = the satration vapour pressure at dry

bulb temperature

r = the relative humidity (Roger and Richard
1982).

,— Sat. vapour pressure at dew point * 100 ©)
sal. vapour pressure at air temperature

We use the value of specific heat at constant
pressure C, = 1004 K kg’l. The latent heat of

evaporation and saturalion vapour pressurc¢ over water
at different temperatures were used from Byers
(1974). The latent heat of evaporation L over waler
were extrapolated at 1°C intervals from Bycrs (1974)
and g requires separate computation.

3. Data sources

Upper-air data of 0000 UTC and in some cases at
1200 UTC for the standard isobaric surfaces at surface,
850, 700, 500, 400, 300, 200, 150 and 100 hPa levels
of different cyclonic periods in the last decade have
been considered for this study. The data were collected
from the Storm Warning Center (SWC) of Bangladesh
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Figs. 1 (a-f). Dry static energy (joule/g) over Chittagong,

Dhaka and Calcutta

Meteorological Department (BMD). The different
cyclonic periods are:

(1) 29 April to 2 May 1994

(1) 17 November to 21 November 1992
(iif) 27 April 10 29 April 1991

(iv) 24 November to 29 November 1988
(v) 23 May to 25 May 1985

(vi) 17 May to 19 May 1992

The data were analysed for the stations Dhaka,
Chittagong, Calcutta, Cuttack and Port Blair. It may
be noted that the data were not available for some
cases for all stations in the synoptic chart and constant
pressure chart. We have collected data from synoptic
chart and constant pressure chart, where the data plotted
are in round figures. There is virtually no weather

station over the Bay of Bengal, so we could not collect
any data over this region.

4. Results and discussions
4.1. Dry static energy

The dry static enmergy of the troposphere over
different stations surrounding the Bay of Bengal on
different dates during the formation and landfall of
tropical cyclones has been computed for different
isobaric levels. The day-to-day variation of dry static
energy has been discussed. It has been found that the
dry static energy increases with height in general. But
if a day-to-day variation of dry static energy with
height for cyclones of different intensities is considered,
the nature of variation is found to be different. The
changes observed for different cyclones are discussed
below :

(a) Cyclone of 29 April-2 May 1994

The dry static energy decreases from surface to
475 hPa level and increases from 475 to 200 hPa over
Dhaka on 1 May with respect to that of 30 April.
The dry static energy decreases from 600 to 475 hPa
and increases from 850 to 600 hPa and 475 to 200
hPa over Calcutta on 1 May with respect to that of
30 April. The dry static energy increases at all levels
over Dhaka and Calcutta on 2 May with respect to
that of 1 May. The dry static energy decreases (Fig.
la) from, 950 o 575 hPa level and increases from
575 to 200 hPa over Chittagong on 2 May with respect
to that of 1 May. It is clear from the above discussions
that the dry static energy of the troposphere decreases
at all levels in the far away stations, such as, Dhaka
and Calcutta, whereas there exists a decreases and an
increases of dry static energy in the lower and upper
troposphere respectively at the nearby station, such as,
Chittagong on the day of landfall with respect to that
of the previous day.

(b) Cyclone of 17-21 November 1992

The dry static energy is almost constant from
surface to 500 hPa level and it increases from 500 to
200 hPa over Dhaka on 18 November with respect to
that of 17 November. The dry static energy increases
gradually from surface to 400 hPa with little anomalies
over Dhaka during 18-20 November. The dry static
energy decreases at all levels on 21st with respect to
that of 20 November over Dhaka. The dry static energy
increases (Fig. 1b) on 19th with respect to that of
17th, decreases on 20th with respect to that of 19th
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Figs. 2 (a-f). Latent heat energy (joule/g) over Chittagong,
Calcutta and Cuttack

and incrcascs on 21st with respect to that of 20
November at all levels with little anomalies over
Chitagong. The dry static energy increases gradually
at all levels over Cuuack during the period. The dry
static energy increases at all levels on 18th with respect
to that of 17th and decreases gradually with liule
anomalics during 18-20 November over Port Blair,

(¢) Cyclone of 27-29 April 199]

The dry static energy decreases at all levels
(Fig. Ic¢) over Dhaka on 28 Aprl with respect o that
of 27 April and decrcases from surface to 800 hPa
level and increases from 800 to 200 hPa on 29th with
respect 1o that of 28th. The dry static energy has no
regular trend on 27 and 28 April but almost constant
from surface to 600 hPa and increases from 600 to
200 hPa over Chittagong on 29th with respect to that

of 28 April. The dry static energy decreases at all
levels over Calcutta on 28th with respect to that of
27th and increases at all levels on 29th with respect
to that of 28th. The dry static energy decreases at all
levels over Cuttack on 27th with respect to that of
26th April and decreases from surface to 700 hPa and
increases from 700 to 400 hPa on 29th with respect
to that if 27th April. The dry static energy decreases
at all levels over Port Blair on 26th with respect to
that of 25th and increases at all levels on 28th with
respect to that of 26 April.

(d) Cyclone of 24-29 November 1988

The dry static energy increases at all levels over
Dhaka and decreases at all levels over Chittagong and
Calcutia with little anomalies on 28 November with
respect to that of 27th, The dry static energy decreases
from 850 to 450 hPa level and increases from 450 o
200 hPa over Dhaka on 29th with respect to that of
28. The dry static cnergy is almost constant over
Chittagong from 850 to 500 hPa and increases from
500 1o 200 hPa on 29th with respect to that of 28
November. The dry static energy decreases (Fig. 1d)
from 850 to 600 hPa and increases from 600 to 400
hPa level and constant above this level over Calcutla
on 29th with respect 1o that of 28 November. The dry
static energy increases at all levels over Dhaka and
Chittagong after the landfall.

(e) Cyclone of 23-25 May 1985

The dry static energy decreases gradually (Fig. le)
from surface to 725 hPa level and increases gradually
from 725 1o 200 hPa over Dhaka during 23 - 25 May.
Litde amount of dry static energy increases at all
levels over Calcutta on 23rd with respect to that of
22nd. The dry static energy decreases significantly at
all levels with litdle anomalies around surface over
Cuttack on 23rd with respect to that of 22nd and
increases significantly at all levels on 24h with respect
to that of 23rd. It may be mentioned that the data at
Chittagong is not available during 23-25 May.

(f)  Cyclonic storm of 17-19 May 1992

The dry static energy decreases from surface to
600 hPa level over Dhaka, increases at all levels (Fig.
If) over Chittagong, irregular over Calcuita and
increases from surface to 850 hPa level and decreases
from 850 to 200 hPa over Cuttack on 18 May with
respect to that of 17th. The dry static energy is almost
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constant over Dhaka and has no regular trend over
Chittagong on 18th and 19th. The dry static energy
decreases at all levels over Cuttack and increases from
850 to 200 hPa and decreases from surface to 850
hPa-level over Calcutta on 19th with respect to that
of 18 May.

4.2. Latent heat energy

(a)  Cyclone of 29 April-2 May 1994

The latent heat energy decreases from surface to
600 hPa level and increases from 600 to 450 hPa
level over Dhaka on 1 May with respect to that of
30 April. The latent heat energy decreases from
surface 10 400 hPa with litle anomalics over Calcutta
on 1 May with respect to that of 30 April. The latent
heat encrgy decreases (Fig. 2a) from surface to 800
hPa, 850 hPa and 925 10 700 hPa on 2 May with
respect 1o that of 1 May over Dhaka, Calcutta and
Chinagong respectively. The analysis also indicates
that the latent heat energy increases from 700 to 300
hPa and 850 to 400 hPa level over Chiuagong and
Calcutta respectively on the same day. The latent heat
cnergy increases on 3 May, that is, alter the landfall
over Dhaka and has no regular trend over Calcutta,

(b)y  Cyclone of 17-21 November 1992

The latent heat encrgy decreases at all levels over
Dhaka on 18 November with respect to that of 17th.
The latent heat energy decreases (Fig. 2b) from surface
1o 725 hPa level and increases from 725 10 350 hPa
over Chiltagong on 19th with respect to that of 17th.
The latent heat energy increases from surface to 725
hPa and decreases from 700 o 300 hPa gradually with
lile anomalies on 18th w0 21st over Dhaka and
Chittagong. The latent heat energy decreases at all
levels on 19th with respect to that of 18th and increases
from surface 1o 750 hPa and decreases from 750 1o
300 hPa on 20th with respect to that of 19th over
Cuttack. The laent heat energy increases at all levels
on 18 with respect to that of 17th over Port Blair.
The latent heat energy decreases gradually from surface
to 300 hPa level during 18-20 November over Port
Blair with liwle anomalies in the lower surface on
19th:

(¢) Cyclone of 27-29 April 1991
The latent heat energy decreases significantly (Fig. 2¢)

from surface to 750 hPa level and increases from 725
to 600 hPa over Chitagong on 28 and 29 April with

respect to that of 27th. The latent heat energy increases
significantly from surface to 750 or 700 hPa over
Dhaka, Calcutta, Cuttack and Port Blair as the cyclone
moves towards the landfall and little amount of latent
heat decreases on 29th around surface over Dhaka and
Cuttack. The latent heat energy is irregular above 700
hPa level over Chittagong and Port Blair and increases
over Dhaka, Calcutta and Cuttack on 29 April with
respect to that of 28th.

(d) Cyclone of 24-29 November 1988

The latent heat energy increases significantly over
all stations on 28 November with respect to that of
27th. The latent hecat energy increases from surface to
850 hPa level and decreases significantly (Fig. 2d)
from 850 to 300 hPa over Calcutta, almost constant
over Dhaka and irregular over Chiutagong on 29th with
respect to that of 28th. This indicates that the latent
heat energy decreases in the region where the cyclone
moves and all other regions have little or no changed.

(e) Cyclone of 23-25 May 1985

The latent heat energy increases gradually at all
levels over Dhaka during 23 - 25 May except liule
anomalics around surface where the latent heat energy
decreases gradually. The latent heat energy decreascs
(Fig. 2e) over Cuttack on 23rd with respect to that of
22nd and increases significantly on 24th May with
respect to that of 23rd. The latent heat energy decreases
from surface to 750 hPa and increases from 750 1o
300 hPa level over Calcutta on 23rd with respect 1o
that of 22 May.

(D) Cyclonic storm of 17-19 May 1992

The latent heat energy decreases (Fig. 2f) from
surface to 700 hPa level over Chittagong and increases
at the same level over Dhaka and Calcutta on 18 May
with respect to that of 17th. The latent heat energy
decreases at all levels over Dhaka and Calcutta and
incrcases significantly from surface 10 775 hPa level
over Chittagong on 19th with respect to that of 18th.
The latent heat energy decreases gradually at all levels
over Cultack during 17-19 May.

4.3. Moist static energy

(a) Cyclone of 29 April - 2 May 1994

The moist static energy decreases from surface
o 525 hPa level and increases from 525 to 200
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Figs. 3 (a-f). Moist static energy (joule/g) over Chittagong, Dhaka and Calcutta

hPa over Dhaka on 1 May with respect to that of
30 April. The moist static energy decreases from
surface to 425 level and increases from 425 to 200
hPa with little anomalies over Calcutta on 1 May
with respect to that of 30 April. The moist static
cnergy decreases from surface to 775 and 900 hPa
and increases from these levels to 200 hPa over

Dhaka and Calcutta respectively on 2 May with
respect to that of 1 May. The moist static energy
increases from surface to 950 hPa and 650 to 200
hPa and decreases (Fig. 3a) from 950 to 650 hPa
over Chittagong on 2 May with respect to that of
1 May. It is also found that the magnitude of moist
static energy decreases in the lower troposphere (from
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950 to 650 hPa) and increases in the upper
troposphere during the cyclonic period. This decrease
of moist static energy in the lower troposphere is
significant in the nearby station such as Chittagong
and increase in moist static energy is also significant
in the far away station, such as, Calcutia,

(b) Cyclone of 17-21 November 1992

The moist static energy decreases from surface
to 450 hPa level over Dhaka on 18 November with
respect to that of 17th. The moist static energy
increases gradually from surface to 725 hPa during
18 - 21 November over Dhaka and decreases
significantly from 625 to 200 hPa levél on 21st
with respect to that of 20th. The moist static energy
decreases from surface to 750 hPa and increases
from 750 to 350 hPa on 19th witn respect to that
of 17th over Chittagong. The moist static energy
increases from surface to 850 hPa and decreases
from 850 to 200 hPa on 20th with respect to that
of 19th over Chittagong. The moist static energy
increases at all levels (Fig. 3b) over Chittagong on
21st with respect to that of 20th . The moist static
energy decreases from surface to 500 hPa and
increases from 500 to 200 hPa level over Cuttack
on 19th with respect to that of 18th. The moist
static energy increases from surface to 650 hPa and
decreases above this level on 20th with respect to
that of 19th over Cuttack. Except 17 November the
moist static energy decreases gradually over Port
Blair during the cyclonic period.

(©) Cyclone of 27-29 April 1991

The moist static energy increases gradually over
Dhaka during 27- 29 April except little anomalies from
surface to 900 hPa level on 29th. The moist static
energy decreases significantly (Fig. 3c) from surface
to 800 hPa over Chittagong on 28th and 29th with
respect to that of 27th and increases from 800 to 200
hPa on 29th with respect to that of 28th. The moist
static energy increases over Calcutta from surface to
750 hPa and decreases from 750 to 200 hPa level on
28th with respect to that of 27th and increases at all
levels on 29th with respect to that of 27th and 28th.
The moist static energy increases from surface to 850
hPa level and decreases from 800 to 200 hPa level
over Cuttack on 27th with respect to that of 26th.
Again the moist static energy decreases from surface

to 800 hPa level and increases from 800 to 200 hPa
level on 29th with respect to that of 27th over the
station. The moist static energy increases over Port
Blair from surface to 800 hPa and decreases from 800
to 200 hPa level on 26th with respect to that of 25th
and increases at all levels on 28th with respect to that
of 27 April

(d) Cyclone of 24-29 November 1988

The moist static energy increases significantly over
all stations on 28 November with respect to that of
27th except little anomalies in the upper troposphere.
The moist static energy decreases from surface to 450
hPa on 29th with respect to that of 28th over Dhaka.
The moist static energy increases (Fig. 3d) from surface
to 825 hPa and decreases from 825 to 375 hPa on
29th with respect to that of 28th over Calcutta. The
moist static energy increases at all levels over
Chittagong on 29th with respect to that of 28 November.

(e) Cyclone of 23-25 May 1985

The moist static energy increases gradually
(Fig. 3e) over Dhaka from 800 to 200 hPa level and
decreases gradually from surface to 900 hPa during
23-25th May. The moist static energy decreases from
surface to 775 hPa and increases from 775 to 300
hPa over Calcutta on 23rd with respect to that of
22nd. The moist static energy decreases over Cuttack
at all levels on 23rd with respect to that of 22nd and
increases at all levels on 24th with respect to that of
23 May.

(O Cyclonic storm of 7-19 May 1992

The moist static energy increases gradually (Fig. 3f)
over Chittagong and decreases gradually over Cuttack
with few exceptions during 17-19 May. The moist
static energy increases from surface to 700 hPa level
over Dhaka on 18th with respect to that of 17th. The
moist static energy increases from surface to 700 hPa,
450 to 200 hPa and decreases from 700 to 450 hPa
over Calcutta on 18th with respect to that of 17th.
The moist static energy is almost constant over Dhaka
from 700 to 200 hPa level on 17th and 18th. The
moist static energy decreases from surface to 500 hPa
and 800 hPa and increases from these levels to 200
hPa level over Dhaka and Calcutta respectively on
19th with respect to that of 18 May. The moist static
energy increases near the landfall station, such as,
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Chittagong and decreases far away stations, such as,
Dhaka, Calcutta and Cuttack during the period.

44. Total energy

The changing pattern of variation of total energy
is the same as mentioned in case of moist static energy.
In addition to the kinetic energy with the moist static
energy there is only fractional variation of the magnitude
of total energy.

5. Conclusions

(f) The dry static energy decreases or remains
almost constant in the lower troposphere and
increases in the upper troposphere on the day
of landfall with respect to that of the previous
day in the nearby stations. The dry static energy
increases in case of the weakened cyclone and
in case of the cyclonic storm on the day of
landfall with respect to that of the previous
day.

The latent heat energy decreases with little
anomalies in case of all the severe cyclonic
storms with a core of hurricane winds from
surface to 750 hPa or 700 hPa level in the
nearby stations and increases in the far away
stations on the day of landfall with respect to
that of the previous day. The latent heat energy
increases in the nearby stations and decreases
in the far away stations in case of the weakened
cyclone and in case of the cyclonic storm o6n
the day of landfall with respect to that of the
previous day.

The moist static energy decreases with little
anomalies in case of all the severe cyclonic
storms with a core of hurricane winds from

surface to 800 hPa or 700 hPa level and increases
from these levels to 200 hPa in the nearby
stations and increases significantly in the far
away stations on the day of landfall with respect
to that of the previous day. The moist static
energy increases at all levels in the nearby
stations and decreases in the far away stations
in case of the weakened cyclone and in case
of the cyclonic storm on the day of landfall
with respect to that of previous day.

It is also found that the dry static energy, the
latent heat energy and the moist static energy
decreases towards the region where the cyclone
moves.
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