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ABSTRACT

The present study is an attempt to investigate the variations of potential temperature (PT), equivalent potential
temperature (EPT) and virtual potential temperature (VPT), both vertically and horizontally over Bangladesh
and neighbourhood on the dates of occurrence of 5 local severe storms (LSSs). It has been found that the PT
over Dhaka increases with height, becoming maximum at the top of the troposphere. The vertical variation of
EPT over Dhaka reveals that it decreases with height, becoming minimum at the mid-troposphere, indicating
conditional instability in the troposphere, which is favourable for the occurrence of local severe storms. The
equivalent temperature then increases significantly beyond 500 hPa. The virtual PT increases with height,

becoming maximum at the top of the troposphere. The PT, EPT and VPT have the tendency to increase in the
lower troposphere sometimes extending to mid-troposphere over Dhaka on the dates of occurrence of local
severe storms. The gradients of PT, EPT and VPT between 1000 hPa and 500 hPa over Dhaka on the dates of
occurrence of local severe storms range from 23 K to 29 K, -15.8 Kto -39.5 K and 19.5 K to 26.4 K respectively.

The spatial distributions of the gradients of PT, EPT and VPT between 1000 hPa and 500 hPa over Bangladesh
and neighbourhood have been studied. It has been found that the vertical gradients of PT, EPT and VPT over
Bangladesh and neighbourhood on the dates of occurrence of 5 LSSs are minimum over southern Bangladesh or
Orissa and adjoining area. The gradients increase northwards and are higher over northern Bangladesh and
further north. The vertical gradients are steep horizontally over Bangladesh and surrounding states of India on
the dates of occurrence of local severe storms i.e. over the area of occurrence of LSSs. The vertical gradients of
PT, EPT and VPT range from 23 to 29 K, -2 to -40 K and 19 to 28 K respectively over Bangladesh and
neighbourhood on the dates of occurrence of LSSs.

1. INTRODUCTION

Local severe storms (LSS) are nothing but the severe thunderstorms (TS) occurring locally and are characterized
by towering cumulonimbus clouds, gusty surface winds, heavy rain events and sometimes even hail. These
storms are also often associated with lightning and thunder. TS form when warm moist air is forced to raise high
above the surface. The three main ingredients needed to make TS are warm moist air, unstable atmospheric
conditions and a mechanism that will help trigger the surface air to rise quickly through the atmosphere. These
triggers include strong surface heating, uplift over mountains, convergence of surface winds, and uplift along
weather fronts. Although TS can occur year-round and at all hours of the day, they are most likely to occur
during the spring and summer in the late afternoon and early evening.

A large part of TS forecasting involves interpreting instability parameters, as well as sources for the lift
necessary to initiate deep convection. The basic thermodynamic diagrams show curves that depict the paths
followed by lifted parcels. The basic curves are Temperature (dashed dark blue lines that slope up to the right),
PT (solid dark blue lines that slope up to the left, referred to as "dry adiabats"), and EPT (dashed white lines that
show the saturated lifted parcel path, referred to as "moist adiabats"). This sounding diagram is known as a
"skew-T" diagram because the temperature lines are "skewed" from the PT lines such that instability parameters
become easy to visualize (Figure 1).

Lifted air parcels are constrained by the curves on the diagram. Unsaturated parcels follow dry adiabats upward
until they become saturated, then they follow "moist" adiabats. A saturated parcel, if moving downward, follows
a moist adiabat until it is no longer saturated, then it follows a dry adiabat (i.e., the parcel warms at a faster rate
while sinking and unsaturated). In using "parcel theory" and this diagram to estimate various parameters, it is
assumed that: (i) the condensed water is not carried with the parcel and all falls out, (ii) the pressure of the lifted
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parcel adjusts immediately to the environment, (iii) there are no sources or sinks of heat and moisture external to
the lifted parcel, (iv) and ice processes are ignored.

Twice daily, at 0000 and 1200 UTC weather balloons are launched from locations all over the globe. These
balloons carry with them an instrument package called a radiosonde that measures temperature, pressure,
moisture, and wind speed and direction at multiple levels throughout the atmosphere. As these balloons ascend
through the atmosphere they transmit this information back to computers at the surface. Meteorologists then plot
this information on special diagrams called skew-t log-p diagrams (or just skew-t for short). From these few
variables we can gain an enormous amount of information about the state of the atmosphere including, stability,
vertical velocity, cloud base height, cloud top height etc. This information can also be used to help forecast
whether or not LSS will happen in the afternoon.

Bangladesh is affected by LSS every year during the pre-monsoon (March-May) and post-monsoon (October-
November) seasons, causing loss of lives and damage to properties. These storms are known as nor’westers or
Kalbaishakhis in Bangladesh and surrounding Indian states. LSSs occurring during the pre-monsoon season are
the deadliest ones in the country. These storms also affect some Indian states surrounding Bangladesh. A
number of studies have been made on different parameters of the troposphere associated with LSSs in
Bangladesh and India by different scientists to delineate the favourable conditions for the formation of local
severe storms. Such studies include the works of Mukherjee and Bhattacharya (1972); Mukherjee ef al., (1977);
Mowla, (1986); Chowdhury and Karmakar (1986); Chowdhury et al., (1991); Das et al., (1994); Akram and
Karmakar (1998); Karmakar (2005) and Karmakar and Alam (2005, 2006, 2007, 2007, 2011). But no work has
so far been made on PT, EPT and VPT of the troposphere associated with local severe storms in Bangladesh.
The present study has been undertaken to investigate the changes in different PTs of the troposphere associated
with local severe storms over Bangladesh during the pre-monsoon season.

2. DATA USED

In the present study, following data have been collected from Bangladesh Meteorological Department (BMD)
and other sources:

e Rawinsonde data of Bangladesh and Indian stations during March-May of 2010 and 2011 have been
utilized in this study. The Rawinsonde stations under study are shown in Figure 1. These rawinsonde data
has been collected from BMD and the Department of Atmospheric Science, College of Engineering,
University of Wyoming, Laramie, USA, who preserves these data over the globe.
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e Five cases of local severe storms have been investigated:
1) LSS on 03 May 2009
(ii) LSS on 24 February 2010
(iii) LSS on 13 April 2010
(iv) LSS on 26 April 2010
) LSS on 11 May 2011

3. THEORETICAL BACKGROUND

3.1 Potential temperature (PT)

The potential temperature of a parcel of fluid at a pressure level is the temperature that the parcel would acquire
if adiabatically brought to a standard reference pressure, usually 1000 hPa. The PT is denoted for air is often
given by (Wikipedia, the free encyclopedia):

Ry
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Where T is the current absolute temperature (in K) of the parcel, Rd is the gas constant of air, and ¢, is the

specific heat capacity at a constant pressure. This equation is often known as Poisson's equation.

PT is a more dynamically important quantity than the actual temperature. This is because it is not affected by the
physical lifting or sinking associated with flow over obstacles or large-scale atmospheric turbulence. A parcel of
air moving over a small mountain will expand and cool as it ascends the slope, then compress and warm as it
descends on the other side but the PT will not change in the absence of heating, cooling, evaporation, or
condensation (processes that exclude these effects are referred to as dry adiabatic). Since parcels with the same
PT can be exchanged without work or heating being required, lines of constant PT are natural flow pathways.
Under almost all circumstances, PT increases upwards in the atmosphere, unlike actual temperature which may
increase or decrease. PT is conserved for all dry adiabatic processes, and as such is an important quantity in the
planetary boundary layer (which is often very close to being dry adiabatic).

PT is a useful measure of the static stability of the unsaturated atmosphere. Under normal, stably stratified
conditions, the PT increases with height, and vertical motions are suppressed. If the PT decreases with height,
the atmosphere is unstable to vertical motions, and convection is likely. Since convection acts to quickly mix the
atmosphere and return to a stably stratified state, observations of decreasing PT with height are uncommon,
except while vigorous convection is underway or during periods of strong insolation. Situations in which the
EPT decreases with height, indicating instability in saturated air, are much more common. Since PT is
conserved under adiabatic or isentropic air motions, in steady, adiabatic flow lines or surfaces of constant PT act
as streamlines or flow surfaces, respectively. This fact is used in isentropic analysis, a form of synoptic analysis
which allows visualization of air motions and in particular analysis of large-scale vertical motion.

3.2 Equivalent potential temperature

Equivalent potential temperature (EPT), commonly referred to as theta-e, (6'6) is a quantity related to the
stability of a column of air in the atmosphere. €, is the temperature a parcel of air would reach if all the water

vapor in the parcel were to condense, releasing its latent heat, and the parcel was brought adiabatically to a
standard reference pressure, usually 1000 hPa (1000 mbar) which is roughly equal to atmospheric pressure at

sea level. In stable conditions, “Ye increases with altitude. If Y& decreases with height, convection can occur.
The comparison of the EPT of parcels of air at different pressures thus provides a measure of the instability of

the column of air. The formula for calculating 8& is the following:

R4 R

6, =1, 20 |cp T+ir | 20 |€p
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Where:
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T.= equivalent temperature

T = Temperature of air at pressure

p = pressure at the point (in same units as )

po= standard reference pressure (1000 mbar or 100 kPa)

R4= specific gas constant for air (287 J/(kg-K))

c,= specific heat of dry air at constant pressure (1004 J/(kg-K))

L, = latent heat of evaporation (2400 kJ/kg {at 25 °C} to 2600 kJ/kg {at —40 °C})
r = mixing ratio of water vapor mass per mass of dry air (g/Kg or in Kg/Kg.
Equivalent potential temperature can also be calculated with the empirical formula:

0.286
O, =T 100 +3r
p

T = Temperature in Kelvins

P = Pressure in hPa or millibars

r = Mixing ratio in grams per kilogram

Theta-E is a function of moisture (via r) and temperature (via PT). Theta-E increases by either increasing
moisture content of the air or increasing the temperature. Areas with higher Theta-E have a greater potential for
positive buoyancy.

33 Virtual temperature

In atmospheric thermodynamics, the virtual temperature (defined as VT) as expressed as T, of a moist air parcel
is the temperature at which a theoretical dry air parcel would have a total pressure and density equal to the moist
parcel of air. The linear approximation:

T, ~T(1+0.61r)

Where, T is the air temperature, and r is the mixing ratio of the air.
The VPT is the temperature a parcel at a specific pressure level and virtual temperature would have if it were
lowered or raised to 1000 hPa. This is defined by Poisson's equation:

R
1000 \Rd /¢p
9v =T, —
p
4. RESULTS AND DISCUSSION

Rawinsonde data at standard isobaric levels from 1000 hPa to 100 hPa over Bangladesh and neighbourhood on
the dates of occurrence and non-occurrence of LSSs have been utilized to compute PT, EPT and VT. Their
vertical profiles and spatial distributions of their gradients associated with the occurrence of 5 LSSs have been
studied. The results are discussed in the following sub-sections.

4.1 Vertical profiles of potential temperature, equivalent potential temperature and virtual potential

temperature over Dhaka

4.1.1  Vertical profiles of potential temperature over Dhaka

Vertical profiles of PT over Dhaka at 0000 UTC on the dates of occurrence of 5 LSSs are shown in Figure 3(a-
e). Figure 3(a-e) shows that the PT increases with height, becoming the maximum at the top of the troposphere.
This indicates that instability exists in the troposphere, which is favourable for the occurrence of LSSs. The



Journal of Engineering Science 05(1), 2014, 13-30 17

difference in PT between 1000 hPa and 500 hPa on the dates of occurrence of LSSs is more than 23 K ranging
from 23.2 to 29.1 K as can be seen from Table 1. On the dates of occurrence, the difference in PT between 1000
and 500 hPa levels at 00 UTC is higher in three cases out of 5 cases and lower in 2 cases and the values range
from 23 K to 29 K (Table 1).
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Figure 3: Vertical distribution of PT (K) over Dhaka at 0000 UTC on (a) 03 May 2009, (b) 24 February 2010,
(c) 13 April 2010, (d) 26 April 2010 and 11 May 2011

The vertical profiles of the difference in PT over Dhaka at 0000 UTC are shown in Figure 4. On 3 May 2009,
the PT is seen to increase from 950 hPa to 150 hPa (Figure 4a). On 24 February 2010, the PT is seen to increase
significantly from 1000 hPa to 800 hPa and from 300 hPa to 100 hPa and found to decrease from 800 hPa to 300
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Figure 4: Vertical distribution of difference in PT (K) over Dhaka at 0000 UTC between the dates of occurrence
and non-occurrence (a) 03 May 2009 and 2 May 2009, (b) 24 February 2010 and 23 Feb 2010, (c) 13
April 2010 and 12 April 2010, (d) 26 April 2010 and 25 April 2010 and (e) 11 May 2011and 9 May
2011
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Figure 5: Vertical distribution of EPT (K) over Dhaka at 0000 UTC on (a) 03 May 2009, (b) 24 February 2010,
(c) 13 April 2010, (d) 26 April 2010 and 11 May 2011
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Figure 6: Vertical distribution of difference in EPT (K) over Dhaka at 0000 UTC between the dates of
occurrence and non-occurrence (a) 03 May 2009 and 2 May 2009, (b) 24 February 2010 and 23 Feb
2010, (c¢) 13 April 2010 and 12 April 2010, (d) 26 April 2010 and 25 April 2010 and (e) 11 May
2011and 9 May 2011
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Table 1: The difference in PT between 1000 hPa and 500 hPa over Dhaka on the dates of occurrence and non-
occurrence of local severe storms at 00 UTC

Date of  non- Difference in PT (K) between Date of occurrence of Difference in PT (K)

occurrence of local 1000 and 500 hPa levels on the local severe storms between 1000 and 500 hPa
severe storms non-occurrence dates of LSSs during occurrence dates of
LSSs
02 May 2009 26.2 03 May 2009 29.10
23 February 2010 30.7 24 February 2010 24.5
12 April 2010 26.7 13 April 2010 24.5
25 April 2010 21.1 26 April 2010 23.2
9 May 2011 24.7 11 May 2011 27.2

hPa significantly (Figure 4b). On 13 and 26 April 2010, the difference in PT has no definite pattern and has
alternate increase and decrease in PT (Figures 4c and 4d). On 11 May 2011, there is a definite and significant
increase in PT from 925 hPa to about 540 hPa and from 400 hPa to 100 hPa (Figure 4¢). Therefore, it apparent
from the above discussion that the PT has a tendency to increase especially from 925 hPa to mid-troposphere on
the dates of occurrence of local severe storms in most of the cases as compared to that on the dates of non-
occurrence. The gradient of PT between 1000 hPa and 500 hPa is relatively higher on the dates of occurrence in
most cases.

4.1.2  Vertical profiles of equivalent potential temperature over Dhaka

Vertical profiles of EPT over Dhaka at 00 UTC on the dates of occurrence of 5 local severe storms are shown in
Figures 5(a-¢). The figures show that the EPT decreases with height, becoming minimum at the mid-troposphere
(500 hPa), except on 11 May 2011 when EPT increases from 1000 hPa to about 850 hPa and then decreases up
to 500 hPa. This indicates that conditional instability exists in the troposphere, which is favourable for the
occurrence of local severe storms. The equivalent temperature then increases significantly beyond 500 hPa. The
difference in EPT between 1000 hPa and 500 hPa on the dates of occurrence of local storms is less than -15.8 K
ranging from -15.8 to -39.5 K as can be seen from Table 2. This difference in PT i.e. gradient of equivalent
temperature between 1000 hPa and 500 hPa ranges from -15.8K to -39.5K and is less on the dates of occurrence
of local storms in three cases as compared to those on the dates of non-occurrence. This gradient indicates
sufficient instability favourable for the development of local severe storms.

The vertical profiles of the difference in EPT over Dhaka at 00 UTC are shown in Figures 6(a-¢). On 3 May
2009, the EPT over Dhaka at 00 UTC is found to increase from about 995 hPa level to 850 hPa, and then it
decreases significantly up to about 200 hPa level (Figure 6a). On 24 February 2010, the EPT increases from
1000 hPa to about 600 hPa and then it decreases up to 300 hPa (Figure 6b). On 13 April 2010, the EPT increases
from 925 hPa to about 600 hPa significantly and decreases from 600 hPa to about 420 hPa as compared to that
on 12 April (Figure 6c¢).

On 26 April 2010, the EPT increases from 950 hPa to about 800 hPa significantly and decreases from 800 hPa
to about 550 hPa as compared to that on 25 April 2010 (Figure 6d). On 11 May 2011, the EPT increases from
925 hPa to about 550 hPa significantly as compared to that on 9 May 2011(Figure 6¢). The increase in EPT on
the dates of occurrence of local severe storms may be attributed to the latent heat of condensation in the lower
troposphere. So, from the above discussion it may be concluded that the EPT has the tendency to increase in the
lower troposphere on the dates of occurrence with some exceptions

Table 2: The difference in EPT between 1000 hPa and 500 hPa over Dhaka on the dates of occurrence and non-
occurrence of local severe storms at 00 UTC

Dates of non- Difference in EPT (K) between Dates of occurrence Difference in EPT (K) between
occurrence of local 1000 and 500 hPa levels on the of local severe storms 1000 and 500 hPa levels on the

severe storms non-occurrence dates of local occurrence dates of local severe
severe storms storms

02 May 2009 -11.0 03 May 2009 -15.8

23 February 2010 10.2 24 February 2010 -20.2

12 April 2010 -37.5 13 April 2010 -39.5

25 April 2010 -43.6 26 April 2010 -38.8

9 May 2011 -42.3 11 May 2011 -20.6
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Figure 7: Vertical distribution of VPT (K) over Dhaka at 0000 UTC on (a) 03 May 2009, (b) 24 February 2010,
(c) 13 April 2010, (d) 26 April 2010 and 11 May 2011
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4.1.3  Vertical profiles of virtual potential temperature over Dhaka

Vertical profiles of VPT over Dhaka at 00 UTC on the dates of occurrence of 5 local severe storms are shown in
Figures 7(a-e). The figures show that the VPT increases with height, becoming maximum at the top of the
troposphere. This indicates that instability exists in the troposphere, which is favourable for the occurrence of
local severe storms. The difference in VPT between 1000 hPa and 500 hPa on the dates of occurrence of local
storms is more than 19 K ranging from 19.5 to 26.4 K as can be seen from Table 3. The Table 3 also shows that
the difference in VPT between 1000 hPa and 500 hPa i.e. gradient in virtual temperature on the dates of
occurrence of local storms (2 May 2009, 25 April 2010 and 9 May 2011) is higher in three cases and lower in
two cases as compared to that on the dates of non-occurrence of local storms (23 February and 12 April 2010).

The vertical profiles of the difference in VPT over Dhaka at 00 UTC are shown in Figures 8(a-¢) for the 5 cases
of local severe storms. On 3 May 2009 (date of occurrence, Figure 8a), the VPT is seen to increase from 950
hPa to 150 hPa significantly as compared to that on 2 may 2009 (date of non-occurrence). But on 24 February
2010 (Figure 8b) , the VPT is found to increase from 1000 hPa to about 775 hPa with a significant decrease
from 775 hPa to about 290 hPa as compared to that on 23 February 2010 (date of non-occurrence). On 13 April
and 26 April 2010 (Figure 8(c-d)), VPT is found to increase in the lower troposphere with some alternating
change in sign upwards. On 11 May 2011 (Figure 8e), VPT is found to increase from about 950 hPa to about
560 hPa level significantly as compared to that on 9 May 2011 (the date of non-occurrence).

On the basis on the discussion above, it is apparent that VPT over Dhaka has the tendency to increase in the
lower troposphere sometimes extending to mid-troposphere on the dates of occurrence of local severe storms.

Table 3: The difference in VPT between 1000 hPa and 500 hPa over Dhaka on the dates of occurrence and non-
occurrence of local severe storms at 00 UTC

Dates of non- Difference in VPT (K) between Dates of occurrence Difference in VPT (K)
occurrence of local 1000 and 500 hPa on the dates of of local severe storms between 1000 and 500 hPa

severe storms non-occurrence of local severe on the dates of occurrence
storms of local severe storms

02 May 2009 23.9 03 May 2009 26.4

23 February 2010 29.5 24 February 2010 21.8

12 April 2010 229 13 April 2010 20.6

25 April 2010 17.2 26 April 2010 19.5

9 May 2011 20.7 11 May 2011 24.3

4.2 Spatial distribution of the vertical difference of PT, EPT and VPT over Bangladesh and
neighborhood

The vertical difference of PT, EPT and VPT between 500 hPa and 1000 hPa levels have been computed on the
dates of occurrence of 5 local severe storms under study. The spatial distributions of the vertical difference of
PT, EPT and VPT over Bangladesh and neighbourhood have been studied. The vertical differences of PT, EPT
and VPT between 500 hPa and 1000 hPa levels are designated as the gradients of PT, EPT and VPT in this
study.

4.2.1  Spatial distribution of the gradients of PT over Bangladesh and neighborhood

The spatial distributions of the vertical gradients of PT (s, — 6,4, ) ] over Bangladesh and neighbourhood on

the dates of occurrence of 5 storms are shown in Figures 4.31-4.35 respectively. The figures in general show
that the difference in PT between 500hPa and 1000hPa levels is minimum over southern Bangladesh or over
West Bengal and adjoining area. The gradients increase northwards and are higher over northern Bangladesh
and southern India. The vertical gradients of PT are steep horizontally over Bangladesh and surrounding states
of India on the dates of occurrence of local severe storms i.e. over the area of occurrence of local severe storms.
On 3 May 2009, the gradients of potential range from 23 to 28 K over Bangladesh and neighbourhood (Figure
9a). On 24 February 2010, the gradients of PT range from 25 to 29 K over Bangladesh and neighbourhood (Fig.
9b). On 13 April 2010, the gradients of PT range from 23 to 29 K over Bangladesh and neighbourhood (Fig. 9¢).
On 26 April 2010, the gradients of PT range from 23 to 26.5 K over Bangladesh and neighbourhood (Fig. 9d).
On 11 May 2011, the gradients of PT range from 23 to 27 K over Bangladesh and neighbourhood (Fig. 9e¢).
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Figure 9: Spatial distribution of the gradient of PT over Bangladesh and adjoining India on (a) 03 May 2009,
(b) 24 February 2010, (c) 13 April 2010, (d) 26 April 2010 and (e) 11 May 2011
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Figure 10: Spatial distribution of the gradient of EPT over Bangladesh and adjoining India on (a) 03 May 2009,
(b) 24 February 2010, (c) 13 April 2010, (d) 26 April 2010 and (e) 11 May 2011
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Figure 11: Spatial distribution of the gradient of VPT over Bangladesh and adjoining India on (a) 03 May 2009,
(b) 24 February 2010, (c) 13 April 2010, (d) 26 April 2010 and (e) 11 May 2011

From the above discussion, it is apparent that the gradient of PT ranges from 23-29 K over Bangladesh and

neighbourhood on the dates of occurrence of local severe storms.
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4.2.2  Spatial distribution of the gradients of EPT over Bangladesh and neighborhood

The spatial distributions of the gradients of EPT (6, 0, ,000) Over Bangladesh and neighbourhood are

500
shown in Figures 10(a-e) for the five cases under study. The figures in general show that the difference in EPT
between 500hPa and 1000hPa levels is minimum over southern Bangladesh and adjoining area except 3 May
2009 and 11 May 2011 when the minimum values lie over Bhubaneshwar and adjoining area of India. The
gradients increase northwards and are higher over northern Bangladesh and further north. The vertical gradients
of EPT are steep horizontally over Bangladesh and surrounding states of India on the dates of occurrence of
local severe storms i.e. over the area of occurrence of local severe storms. On 3 May 2009, the gradients of EPT
range from -20 to -32 K over Bangladesh and neighbourhood (Figure 10a). On 24 February 2010, the gradients
of EPT are mainly positive over northern India and range from -2 to -16 K over Bangladesh and neighbourhood
(Figure 10b). This positive value of EPT indicates that the atmosphere is stable over northern India. On 13 April
2010, the gradients of EPT range from -18 to -40 K over Bangladesh and neighbourhood (Figure 10c). On 26
April 2010, the gradients of EPT range from -12 to -34 K over Bangladesh and neighbourhood (Figure 10d). On
11 May 2011, the gradients of EPT range from -8 to -38 K over Bangladesh and neighbourhood (Figure 10e).
From the above discussion, it is apparent that the gradient of EPT ranges from -2 to -40 K over Bangladesh and
neighbourhood on the dates of occurrence of local severe storms.

4.2.3  Spatial distribution of the gradients of VPT over Bangladesh and neighborhood

The spatial distributions of the gradients of VPT (6, 0,,000) over Bangladesh and neighbourhood are

500
shown in Figures 11(a-e) for the five cases under study. The figures in general show that the difference in VPT
between 500hPa and 1000hPa levels is minimum over southern Bangladesh and adjoining area except 3 May
2009 and 11 May 2011 when the minimum values lie over Orissa and adjoining area of India. The gradients are
maximum over southern India. The gradients increase northwards and are higher over northern Bangladesh and
further north. The vertical gradients of VPT are steep horizontally over Bangladesh and surrounding states of
India on the dates of occurrence of local severe storms i.e. over the area of occurrence of LSSs.

On 3 May 2009, the gradients of VPT range from 20 to 25 K over Bangladesh and neighbourhood (Figure 11a).
On 24 February 2010, the gradients of VPT are mainly positive over northern India and range from 22 to 28 K
over Bangladesh and neighbourhood (Figure 11b). This positive value of VPT indicates that the atmosphere is
stable over northern India. On 13 April 2010, the gradients of VPT range from 19 to 25 K over Bangladesh and
neighbourhood (Figure 11c). On 26 April 2010, the gradients of VPT range from 19 to 22 K over Bangladesh
and neighbourhood (Figure 11d). On 11 May 2011, the gradients of VPT range from 19 to 24 K over
Bangladesh and neighbourhood (Figure 11e). The above discussion reveals that the gradient of VPT ranges from
19 to 28 K over Bangladesh and neighbourhood on the dates of occurrence of LSSs.

5. CONCLUSIONS
On the basis of the present study, following conclusions may be drawn:

@) The PT over Dhaka increases with height, becoming maximum at the top of the troposphere. The PT
has a tendency to increase especially from 925 hPa to mid-troposphere on the dates of occurrence of
LSSs in most of the cases as compared to that on the dates of non-occurrence. The gradient of PT
between 1000 hPa and 500 hPa over Dhaka is relatively higher on the dates of occurrence in most cases
ranging from 23 K to 29K.

(i)  The EPT over Dhaka decreases with height, becoming minimum at the mid-troposphere (500 hPa),
indicating conditional instability in the troposphere, which is favourable for the occurrence of LSSs.
The equivalent temperature then increases significantly beyond 500 hPa. The EPT has the tendency to
increase in the lower troposphere on the dates of occurrence with some exceptions. The difference in
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PT i.e. gradient of equivalent temperature between 1000 hPa and 500 hPa over Dhaka ranges from -
15.8 Kto-39.5 K.

(i) The VPT increases with height, becoming maximum at the top of the troposphere. The difference in
VPT between 1000 hPa and 500 hPa over Dhaka on the dates of occurrence of LSSs is more than 19 K
ranging from 19.5 K to 26.4 K.

(iv) The vertical gradients of PT, EPT and VPT over Bangladesh and neighbourhood on the dates of
occurrence of 5 LSSs are minimum over southern Bangladesh or Orissa and adjoining area. The
gradients increase northwards and are higher over northern Bangladesh and further north.

(v)  The vertical gradients of PT, EPT and VPT are steep horizontally over Bangladesh and surrounding
states of India on the dates of occurrence of LSSs i.e. over the area of occurrence of LSSs.

(vi)  The vertical gradients of PT, EPT and virtual PT range from 23 to 29 K, -2 to -40 K and 19 to 28 K
respectively over Bangladesh and neighbourhood on the dates of occurrence of LSSs
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