
 
 
 
MAUSAM, 55, 1(January 2004), 119-122 

 
551.515.11            

 
Consequences of pre-monsoon thunderstorm -A fuzzy logic approach 

 
SUTAPA CHAUDHURI and SURAJIT CHATTOPADHYAY 

Department of Atmospheric Sciences, 

University of Calcutta,  Kolkata - 700 009, India 

(Received 29 June 2001, Modified 7 July 2003) 

 
 
 
 

lkj & if’peh caxky ds xkaxs; {ks= ¼th- MCY;w- ch-½ esa ?kVus okys fouk’kdkjh ekSle dh ?kVukvksa ds 
lkFk gh lkFk ekulwu _rq ls iwoZ ds xtZ Hkjs rwQku Hkh egRoiw.kZ gSaA bl 'kks/k&i= dk eq[; mn~ns’; Hkh"k.k 
rwQkuksa ds nkSjku dqN egRoow.kZ izkpyksa ds ifj.kkeksa dh tk¡p djus ds fy, Qt+h ykWftd dh vo/kkj.kk dks 
izLrqr djuk gSA bu ifj.kkeksa ls ;g Kkr gksrk gS fd Hkh"k.k rwQkuksa ds le; /kjkryh; rkieku esa fxjkoV ds 
lkFk gh lkFk lkisf{kd vknzZrk vkSj vonkc esa o`f) vR;f/kd egRoiw.kZ ?kVuk,¡ gSaA bu ifj.kkeksa ls vkxs ;g 
irk pyrk gS fd rkieku esa vR;f/kd fxjkoV vkSj vonkc esa izHkkoh  o`f) dk gksuk bl izdkj ds rwQkuksa dh 
?kVukvksa ds fy, lcls vko’;d lfEeJ.k gSA bu ifj.kkeksa ls ;g Hkh Li"V gksrk gS fd tc mPp iou xfr 
lkisf{kd vknzZrk vkSj ok;qnkc esa rhoz ifjorZu ds lkFk  laca) jgrh gS rc bl izdkj dh ekSle vkink ds 
?kVus dh laHkkouk vkSj Hkh vf/kd c<+ tkrh gSA bl v/;;u ds egRoiw.kZ ifj.kkeksa ls ;g Kkr gksrk gS fd 
Hkh"k.k rwQku dh iou xfr dk iwokZuqeku djus ds fy,] iwoZ lwpd ds :Ik esa lkisf{kd vknzZrk vkSj ok;qnkc dk 
mi;ksx djrs gq, cgqlekJ;.kksa dh tk¡p vko’;d gSA 

 
ABSTRACT. Pre-monsoon thunderstorms are important as well as devastating weather events occurring over 

Gangetic West Bengal (GWB). The prime aim of the current paper is to introduce the concept of Fuzzy Logic to view the 
consequences of some important parameters during the occurrence of severe thunderstorms. The result reveals that fall in 
surface temperature as well as rise in relative humidity and pressure are the most important consequences during the 
occurrence of severe thunderstorms. The result further indicates that colossal fall in temperature and massive rise in 
pressure are the most desirable combination for the occurrence of such storms. The result discloses that when high wind 
speed is associated with sharp change in relative humidity and air-pressure, the possibility of occurrence of such weather 
hazards is more. The important finding of the study suggests that, for prediction of the wind speed associated with severe 
thunderstorms, multiple regressions, using relative humidity and air pressure as predictor,  needs to be investigated.  

 
Key words – Fuzzy logic, Belief measure, Focal element, Pre-monsoon thunderstorm, Gangetic West Bengal. 

 
 
 

1.  Introduction 
 

Severe thunderstorms of pre-monsoon season 
(March-May) are important and devastating weather event 
over GWB. It connotes the most intense of meteorological 
phenomena when accompanied by large hailstones, high 
wind speed and tornadoes.  These high frequency weather 
hazards are most difficult to forecast as they belong to 
meso-scale systems. They cause damage to crops and 
properties on the ground and aviation aloft. Besides being 
a disastrous phenomena thunderstorms are the only source 
of soil and atmospheric moisture content, the essential 
atmospheric parameters on which the cultivation and 
agriculture of our country depend. Extensive researches 
have been transacted upon the said weather system in 
India as well as abroad. Some important contributions are 
Normand (1938), IMD project (1941), Mull and Rao 

(1948), Desai and Rao (1954), Koteswaram and 
Srinivasan (1958), Koteswaram and De (1959), Mull et 
al., (1963), Mukherjee and Chaudhuri (1979),  Chaudhuri 
and Chattopadhyay (2001). 

 
The principal objective of the present study is to 

introduce the concept of soft computing as fuzzy logic to 
view the consequences of some important surface 
parameters during the occurrence of severe thunderstorms 
of the pre-monsoon season over GWB. 
 
2.  Methodology 
 

Pre-monsoon thunderstorms, in general, depict huge 
vertical extent. To start with, only the surface parameters 
are considered in the study, because the weather events 
initiate over the surface. The concept of fuzzy set theory is  

 (119) 
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TABLE l 
 

The fuzzy subsets of different Universes of discourse constructed using the parameters associated with pre-monsoon thunderstorms (ts) 
 

Universe  
of 
discourse 

Fuzzy subset 
G 

Fuzzy subset 
M 

Fuzzy subset 
B 

X1 Combination of high T before ts and 
low T after ts 

Combination of low T before ts and low T 
after ts 

Combination of high or low T before 
ts and high T after ts 

X2 Combination of low R/H before ts and 
high R/H after ts 

Combination of high R/H before ts and high 
R/H after ts 

Combination of high or low R/H 
before ts and low R/H after ts 

X3 Combination of low P before ts and 
high P after ts 

Combination of high P before ts and high P 
after ts 

Combination of high or low P before 
ts and low P after ts 

X4 Combination of high value of ΔT and 
high value of V during ts 

Combination of high or low value of ΔT and 
low or high value of V during ts 

Combination of low value of ΔT and 
low value of V during ts 

X5 Combination of high value of ΔT and 
high value of ΔR/H during ts 

Combination of high or low value of ΔT and 
low or high value of ΔR/H during ts 

Combination of low value of ΔT and 
low value of ΔR/H during ts 

X6 Combination of high value of ΔT and 
high value of ΔP during ts 

Combination of high or low value of ΔT and 
low or high value of ΔP during ts 

Combination of low value of ΔT and 
low value of ΔP during ts 

X7 Combination of high value of ΔP and 
high value of ΔR/H during ts 

Combination of high or low value of ΔP and 
low or high value of ΔR/H during ts 

Combination of low value of ΔP and 
low value of Δ R/H during ts 

X8 Combination of high value of ΔP and 
high value of V during ts 

Combination of high or low value of ΔP and 
low or high value of V during ts 

Combination of low value of ΔP and 
low value of V during ts 

X9 Combination of high value of V and 
high value of ΔR/H during ts 

Combination of high or low value of V and 
low or high value of ΔR/H during ts 

Combination of low value of V and 
low value of ΔR/H during ts 

 
 

then applied to identify the consequences of some 
parameters during the occurrence of these severe 
thunderstorms.   
 

In fuzzy logic, a fuzzy set ‘A’ in an universe of 
discourse X= {x} represents a class of elements in which 
each parameter is characterized by a degree of belief that 
it belongs to, ‘A’ .Each element of the set ‘A’ is exposed 
to the possibility of belonging to other fuzzy subsets of the 
universe of discourse X with different degrees of belief 
(Pal and Mitra 1999, Klir and Folger 2000). This exposure 
to various possibilities has made fuzzy logic able to deal 
with dataset acquired from a complex system. A data set 
from a complex system always contains some degree of 
vagueness. The usefulness of fuzzy logic is that it can 
exploit the vagueness inherent in the dataset to give result 
more crisp than the result given by any method based 
upon ordinary set theory. Construction of a fuzzy set is 
subjective in nature, and reflects the context in which the 
problem is viewed (Pal and Mitra 1999). Observations 
disclose that as a consequence of the occurrence of such 
thunderstorms, it is expected that there would be fall in 
surface temperature and rise in air-pressure, relative 
humidity and wind speed. Fuzzy set necessary for the 
study are constructed using the aforesaid parameters.  

 

A belief measure is analytically defined as a function 
 
m : P(X) → (0,1)                                                     (1) 

where 
 
m(Ф) = 0                                                                (2) 
 
and 
 





P(X)A

1)A(m  

 
where 
 
m(A) → The degree of evidence that a specific 

element of the universe of discourse X belongs to the set 
A but not to any special subset of A. 

 

P(X) → Power set of X. 
 

Expression (1) resembles a probability distribution. 
The function ‘m’ is usually termed as a basic probability 
assignment. But, in this problem, instead of the set X, the 
power set P(X) is used as the set on which the function 'm' 
is to be applied. Thus, to avoid confusion, it is preferable 
to call ‘m’ as basic assignment.  

 

Each set Aε P(X) for which, m(A) > 0 is called a 
focal element of ‘m’.  

 
In the present study, surface temperature, relative 

humidity,  air pressure and wind speed associated with the  
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Fig. 1.  Basic assignments due to different fuzzy subsets associated with universes of 

discourse X1, X2 and X3 constructed on the basis of surface temperature, relative 
humidity and pressure associated with pre-monsoon thunderstorms 
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Fig. 2.  Basic assignments due to the fuzzy subsets G of the universes of discourse X4, X5, X6, X7, X8 and X9 constructed by 

using different parameters associated with pre-monsoon thunderstorms 
 

 
pre-monsoon thunderstorms are regarded as the basic 
parameters. The observed values of these physical 
parameters before and after the occurrence of the 
thunderstorms and magnitudes of the changes in the 
values of these parameters during the thunderstorms are 
used to construct different fuzzy subsets within 
appropriate universes of discourse. Nine universes of 
discourse ruminated in the present study are : 

 
X1  →  Combination of temperature (T) before 

and after the thunderstorm. 
 
X2  →  Combination of relative-humidity (R/H) 

before and after the thunderstorm. 
 
X3  →  Combination of air pressure (P) before 

and after the thunderstorm. 
 
X4  →  Magnitude of change in temperature (ΔT) 

and wind speed (V) during thunderstorms. 

X5  →  Magnitude of change in temperature (ΔT) 
and change in relative humidity (ΔR/H), 
during thunderstorms. 

 
X6  →  Magnitude of change in temperature (ΔT) 

and change in air-pressure (ΔP), during 
thunderstorms. 

 
X7  →  Magnitude of change in air-pressure (ΔP) 

and change in relative humidity (ΔR/H), 
during thunderstorms. 

 
X8  →  Magnitude of change in air-pressure (ΔP) 

and wind speed (V), during 
thunderstorms. 

 
 
X9  →  Magnitude of change in relative humidity 

(ΔR/H) and wind speed (V), during 
thunderstorms. 
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In each universe of discourse, fuzzy subsets G, M, 
and B (Table l) are constructed. Thus, each universe of 
discourse has the power set 

 
 BMGB,MB,GM,GB,M,G,φ,   
 

where 
 

φ is the null set. 

 
and  are 

the focal elements. 

 BMGB,MB,GM,GB,M,G,φ,  

 
3.  Result and discussion 
 

Based upon the observations often years data (130 
thunderstorms) made available from the Regional 
Meteorological Office, Kolkata, the basic assignments 
associated with the various fuzzy subsets are displayed in 
Figs. 1& 2. Fig. 1 depicts that the basic assignment due to 
the fuzzy subset G of the universe of discourse X1 
dominates the basic assignments due to M and B of X1. 
The basic assignment due to the fuzzy subset G of the 
universe of discourse X2 dominates the basic assignments 
due to M and B of X2. Whereas; for the universe of 
discourse X3, the basic assignment due to the fuzzy subset 
B dominates that due to G and M. 

  
It is also observed from the figure that the basic 

assignment due to G of X1 dominates that due to G of X2 
and X3. Basic assignment due to M of X2 and X3 are 
almost the same but highly dominate M of X1. For each 
focal element B, the most dominant is the B of X3 and 
then of X2. Fig. 2 shows the basic assignments due to G 
of X4, X5, X6, X7, X8 and X9. The maximum and almost 
equally dominant basic assignments are due to G of X6, 
X8 and X9. 

 
Thus the study reveals the following: 
 

(i) Fall in surface temperature is the most important 
consequence of severe thunderstorms of pre-monsoon 
season. A rise in the relative humidity is another important 
consequence, but less important than the fall in the surface 
temperature. The least important is the rise in the air-
pressure. 
 
(ii)  High magnitude of change in temperature combined 
with high magnitude of change in pressure is extremely 
important to understand the occurrence of pre-monsoon 
thunderstorms. 
 

(iii)  During pre-monsoon thunderstorms, high wind speed 
is mostly associated with significant change in relative 
humidity and air-pressure. 

(iv)  To predict wind speed that may occur during severe 
thunderstorm, multiple regressions using relative humidity 
and air pressure as predictor needs to be studied. 
 
 
4. Conclusion 

 
The finding of the present study lead to conclude that 

fall in surface temperature is the most important 
consequence during the occurrence of pre-monsoon 
thunderstorms. Relative humidity and air pressure play 
significant role only when they are associated with high 
wind speed. 
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