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Abstract
Tropical cyclone is affected mainly by steering flow, Rossby drift 
and surface frictional effects. There are many models to predict 
the storm track. In this paper two thermodynamic parameters 
SWEAT and ACE are analyzed to observe the variation of these 
two parameters along the track of two cyclonic storms MALA and 
BIJLI over the Bay of Bengal. Peak ACE is found on the third day 
of the cyclonic system MALA at 850 hPa whereas for BIJLI it is at 
200 hPa. However more analysis is needed considering the other 
Bay cyclones before coming to a definite conclusion regarding the 
variational pattern of these two thermodynamic parameters.
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I. Introduction
Tropical Cyclone (TC) is a rotating cylinder having horizontal 
dimension thousand km and a vertical dimension of about ten 
kms whose motion is assumed to govern by steering flow, Rossby 
drift, and surface friction [1-4]. Track prediction of a cyclone 
has become a field of interest over the globe [5-6]. However the 
accuracy of track prediction depends on the vertical structure of 
atmosphere and a complex interaction between the system and 
environment existing from origin to landfall. TCs are one of the 
violent and dreadful natural disasters which have considerable 
socio-economic impact particularly in the coastal region of India, 
Bangladesh and Myanmar [7-10]. Moreover it is believed that 
cyclonic activity is associated with global warming [11-15]. The 
activity of cyclone is characterized by various parameters viz 
storm intensity, life time, wind speed and atmospheric instability 
[16-18]. Indian Meteorological Department (IMD) classifies 
these cyclonic storms based on their highest observed wind 
speed around the circulation centre. An increase of 17% in the 
intensification rate at cyclone stage and 25% in severe cyclone 
stage over past years was reported by several investigators [19-
21]. The frequency of cyclones is found to have positive tendency 
in the north Indian Ocean. But from the analysis of data for the 
period 1877–1999 by Singh (2001) it was reported that the storm 
frequency over the Bay follows a decreasing trend annually 
[19]. In spite of the significant convective circulation motions 
embedded inside the monsoon flow, the number of occurrences 
has decreased drastically during monsoon season [20-21]. This 
decrement mainly contributes to the reduction in TC number on 
annual scale. The genesis and maturation of the cyclonic storms 
depend on several thermodynamic parameters on climatological 
scale. But the instantaneous maturation processes of these TCs 
require continuous monitoring of their surrounding environment 
for optimized forecasting. During the life-cycle of TC some key 
parameters viz wind speed, sea surface temperature; coriolis 
parameter, equivalent potential temperature etc. regulate the 
vertical wind shear and status of instability of the troposphere 
[22-24]. Different stability parameters are used from time to time 
to study the tropospheric conditions. Seven stability indices were 
investigated during summer over NE Colorado in 1985 by Schultz 

(1989) [25]. Among them Severe Weather Threat (SWEAT) index 
values for quiet, significant and severe weather were found 78±50, 
84±48 and 149±63 respectively. Skill score POD of SWEAT (>83) 
to forecast thunder day was highest (0.745) and it was also reported 
that to predict isolated thunderstorm or wide-spread thunder 
storm modified Convective Available Potential Energy (CAPE) 
index gave better result [26-27]. SWEAT index have good skill 
in forecasting storm potential in case of westerly flow [28]. In 
this paper we analyze SWEAT and Accumulated Cyclone Energy 
(ACE) which the approximation of the energy used by a tropical 
system during its life-time from available radio-sonde data.

II. Materials and Methods
A low pressure 996 hPa was formed prior to cyclonic stage of 
MALA on 25th April, 2006 at about 08:30 hrs. (IST) with a 
maximum sustainable wind speed 46 km/hr  and maximum wind 
speed 118 km/hr. The system crossed the Arakan coast and struck 
the coastal area of Gwa, Myanmar on 29th April with a speed 
220 km/hr. The cyclone bijli was generated on Bay of Bengal on 
April 14, 2009 and approached towards NE and disappeared by 
converting into a simple depression. Satellite images of the two 
systems having maximum intensity are given in 

Fig. 1: Satellite Pictures (INSAT Kalpana-1) of the Cyclones (a) 
MALA at 03 UTC on 26th April, 2006 and (b) BIJLI 03 UTC on 
16th April, 2009.
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Fig. 1, Available radio-sonde data are used to analysis the physical 
characteristics of the cyclones from nearby meteorological stations 
viz. Vijag (17.70o N, 80.30o E), Port Blair (11.67o N, 92.72o E), 
Bhubaneswar (20.25o N, 85.83o E), Dum Dum (22.65o N, 88.45o 
E), Chennai (13oN, 80.18o E) and Agartala (23.88o N, 91.25o E) 
along the tracks of MALA and BIJLI as shown in the fig. 2. 
SWEAT index and ACE are estimated from the following relations 
[29-30]

Fig. 2: Tracks of (a) MALA and (b) BILLI 
ACE = 3 x V1.872 x 10 13 joules              (1)
SWEAT = 12 T d850 + 20 (TT - 49)+2 f8+f5+125 (s + 0.2)     (2)
where V = velocity of wind (m/s), Td850 = dew point temperature 
(°C) at 850 hPa , TT (total total index) = T d850 + T 850 - 2 T , T= 
surface temperature (°C), f8 = wind speed (m/s) at  850 hPa , f5= 
wind speed  (m/s) at 500 hPa , s = sine of angle between 500 hPa 
and 850 hPa wind direction.

Fig. 3: Deviation (%) of  SWEAT Values from Clear Sky Condition 
During the Cyclones (a) MALA and (b) BIJLI 

III. Results and Discussion
The deviation (%) of SWEAT from the clear sky standard value 
171.4 during the life time of cyclones is presented in fig. 3. The 
deviation is found to be positive indicating instability of the 
atmosphere. Instability is maximum near Andaman as evident 
from the figure. High instability and other synoptic factors are 
favorable to intensify the depression. The IMD stations Chennai 
and Agartala are far away from the zone of genesis of both the 

Table 1: R2 values of the correlations between (θ-θe) and pressure 
levels
MALA BIJLI
Station R2 value Station R2 value
Port Blair 0.65 Port Blair 0.95
Vijag 0.70 Chennai 0.86
Agartala 0.81 Vijag 0.76

cyclones and hence show minimum deviation of SWEAT from the 
clear sky standard value. Correlation between (θ-θe) and pressure 
levels indicates the presence of intense upwelling and convection 
(Table 1).

IV. Conclusion
Assessment of these TC characteristics is needed to be done in 
every available perspective. WRF/MM5 model outputs are now 
extensively utilized to visualize the actual environment during 
these storms. But these models have their own limitations in terms 
of either prediction of landfall location or maximum intensity [31-
34]. Forecasting the cyclonic events is of serious concern over the 
active convective zones around the world. From the present study 
overshooting values of SWEAT from clear sky conditions play the 
role of forecasting atmospheric instability. The variation of (θ-θe) 
implicates the extent of instability in the troposphere. Our results 
show no significant characteristic variation of the thermodynamical 
parameters to identify the severity of cyclone.  However there is 
a prominent difference between the peak values of ACE of the 
TCs. Rigorous analysis including other severe cyclones over Bay 
are needed to get significant information regarding the threshold 
values of SWEAT, ACE and (θ-θe) and severity of the cyclones.
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