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Lk k jLk k jLk k jLk k j  & bl 'kk s/k &i= d k  m Ìs’; d ksyd k rk  ¼2 2°3 2′]  8 8°2 0′½ esa ek ulwu iwoZ _rq  ¼vizS y&ebZ½ d s nk S jk u 
xt Z d s lk Fk  vk us ok ys Hk h "k .k  rwQ k uk sa d h  m RifÙk  vk S j fod k l esa lgk ;d  es?k  d h  lw{ e Hk k S frd h ; izfØ;k vk sa d h 
t k ¡p  d juk  gS A bl v/;;u ls ;g irk  p yk  gS  fd  d ksyd k rk  esa ek ulwu&iwoZ _rq d s nk S jk u xt Z d s lk Fk 
vk us ok ys Hk h "k .k  rwQk uk sa d s nk S jku rk ixfrdh ;]  xfrd h ;]  es?k  dh  lw{ e Hk k S frdh  vk S j fct yh pdeus d k s 
Jà[k yk c) d jus esa lao guh ; m iyC/k  fo Hk o  Å t kZ ¼lh - ,- ih - bZ-½ lgk ;d  gS A bl v/;;u ls izk Ir gq, 
ifj.k k eksa ls  ;g irk  p yk  gS  fd  d ksyd k rk  esa lao guh ; m iyC/k  fo H k o  Å t kZ 1 0 0 0  twYl izfr fd - x zk -  d s Hk h rj 
izcy ik bZ xbZ t k s eqD r lao gu Lrj ¼,y- ,Q-  lh -½ ls Å ij fu/k k Zfjr nk c Lrjk sa d s Hk h rj ik bZ xbZ vk S j ok ;q 
d h  viMªk¶ V xfr ds ln`’k  ek u f u"izHk k oh  m RI yk od rk  Lrj ¼,y- ,u- ch -½ es a yxHk x 3 0  - 5 0  eh -@  lsd saM ik , 
x,A bl v/;;u ls ;g Hk h  irk  p yk  gS  fd  5  fe- eh - rd  d s O;k l d s vk d k j d h  c¡wns fLFk j jg ld rh  gS  
ft ld s ck n vk d k j c<+us d s d k j.k  cw¡nsa VwV t k rh  gS aA t c cw¡n d h  f=T ;k  2 -5  fe- eh - l s 3  fe - eh -  d h  ifjf/k  e sa 
gk srh  gS rc cw¡nk sa d k  VwVuk   'k q: gks t k rk  gS  vkS j 3 fe- eh - ls 5  fe- eh - d h  ifjf/k  esa cw¡nk sa d s VwVus d h  
laHk k o uk  vf/kd  gksrh  gS  D ;ksfd  bl fLFk fr esa cw¡nk sa d s yxk rk j VwVus d h  dk j.k  m ud k  th o udk y cgqr Nk sVk  gk s 
t k rk  gS A 

 
ABSTRACT. The aim of the present paper is to view the cloud microphysical processes entailed in the genesis and 

the development of the severe thunderstorms of pre-monsoon season (April - May) over Kolkata (22°32', 88°20'). The 
study shows that Convective Available Potential Energy (CAPE) is instrumental in establishing a linkage among 
thermodynamics, dynamics, cloud microphysics, and lightning during severe thunderstorm of pre monsoon season over 
Kolkata. The results of the present study reveal that for the thunderstorms reported over Kolkata, CAPE are found to be 
predominantly within 1000 joules per kgs within the prescribed pressure levels above the Level of Free Convection 
(LFC) and the corresponding values of the updraft speeds of the air are found to be nearly 30 - 50 m/s at the Level of 
Neutral Buoyancy (LNB). The study also depicts that the drops may grow up to the size of 5mm in diameter stably, 
beyond which, they tend to breakup due to the large drop instability. The breakup or splitting is observed to initiate when 
the drop radius is within the range of 2.5mm to 3mm and the breakup is most likely within the range of 3mm to 5mm 
because at this stage the lifetime of the drops are short due to the spontaneous breakup. 
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1.  Introduction 
 

Cloud microphysics is the branch of atmospheric 
sciences concerned with many particles that make up the 
cloud. Related to the cloud as a whole the individual 
particles are very small and so exist on a micro scale, that 
is, over distances from the fraction of a micrometer to 
several centimeters. The micro scale structure of the 
cloud, the specifications of the number, concentrations, 
sizes, shapes and the phases of the various particles are 
important to the behavior and the lifetime of the cloud. 
The ability of the cloud to produce rain or snow, to 
generate lightning and alter the radiation balances of the 
earth, for instances, stems in the large part of their 
individual microstructures. The cloud physicists of 
atmospheric sciences discipline attempt to characterize the 
diverse microstructure of the atmospheric cloud and to 

realize phenomena that cause them to change with time. 
Cloud typically forms in response to the changes in 
atmospheric condition on the scales much larger than the 
particles itself, indeed much larger than the cloud itself, 
most commonly up ward motion of the moist air driven by 
the synoptic scale disturbances or, convection, (Houze, 
1989) causing decrease in the local pressure and the 
temperature that lowers the equilibrium vapor pressure of 
the liquid and solid phases of the water. Excess vapor that 
amounts above the equilibrium value develop in the rough 
proportions to the magnitude of the updraft speed. This 
state of disequilibria is gradually revealed as the vapor 
condenses over suitable aerosol particles to form liquid 
and solid ice particles of the cloud. A cloud especially at 
the early stages of the formation often exhibits property of 
the colloidal systems, a suspension of the tiny particles 
that follows the air and interacts only weekly with one 
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another. Where as individual aqueous particles may form 
and grow and subsequently disappear. The system, as a 
whole remains micro physically stable for a time and well 
characterized in terms of number, concentration of liquid 
drop and ice particles. The discipline of cloud 
microphysics helps to understand specific mechanism 
needed for such colloidal stability and to form 
precipitation. Typically for the thundercloud of high 
vertical extent, the cloud is normally in the mixed phase 
(0° C to - 40° C). In this mixed phase both the liquid and 
solid phase of water are present. (–) 40 degree Celsius is 
practically the lower limit for the liquid water to exist in a 
metastable state. 
 
2.  Theoretical aspects & methodology 
 

2.1.  Role of Convective Available Potential Energy 
(CAPE) 

 
Convective Available Potential Energy (CAPE) 

represents the maximum limit of the energy, which the 
parcel can extract from the environment once it becomes 
buoyant (Chappell and Smith, 1975). 
 

CAPE is mathematically represented as follows 
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Where 
 
Tparcel = Temperature of the parcel. 
 
Tenvironment  = Temperature of the environment. 
 
g  = Acceleration due to gravity. 
 
CAPE is one of the most important aspects among 

thermodynamics, thunderstorm dynamics, cloud 
microphysics, and lightning. CAPE continues to provide 
the upper bound for the kinetic energy of the updraft 
speed. It can therefore be used as the mechanism to study 
the microphysical aspects of severe thunderstorms. Large 
CAPE is generally found to be associated with such 
thunderstorms. CAPE can be computed at various 
pressure levels up to the mid level in the cloud to evaluate 
the corresponding updraft speed and the cloud droplet 
sizes at different heights. 
 

2.2.  Computation of maximum updraft speed at any 
level 

 
Conditional instability is a mechanism by which 

maximum thunderstorms are formed. Conditional 

instability forces the air to rise up with a certain velocity, 
which is normally called the updraft velocity. The mass of 
1 kg of air having updraft speed of W(z) at any level 
acquires the kinetic energy of ½[W(z)]2 Joule per kg. 
CAPE, which is the energy extracted by the parcel          
from the environment is supposed to provide the         
buoyant energy to the parcel (Williams, 1995). Thus the 
kinetic energy must be exactly matched with CAPE (J/kg), 
that is, 

 

( )[ ] CAPE2/1 2 =zW  

 

( ) CAPE2=zW                                                     (2) 

 
As CAPE can be measured, the updraft speed of the 

air parcel can also be measured. CAPE is measured from 
LFC to any height; the value of CAPE thus always 
increases with the height. It is thus observed that with rise 
in the altitude the value of the updraft speed goes on 
increasing. In the present study the updraft speed of the air 
is considered to be of much importance because the 
particles/drops of ice/water often attains the air velocity. 
According to the parcel theory, all particles within the 
parcel attain the updraft velocity. Area covered by the 
positive energy or CAPE measures the amount of energy 
acquired by the parcel. Thus, shape of CAPE is extremely 
important in measuring the amount of energy involved in 
the system. The updraft speed that directly depends on 
CAPE is also affected by the shape of CAPE. 
 

2.3.  Computation of terminal velocity & size of the 
cloud particles 

 
The drag force exerted by a viscous fluid on a sphere 

of the radius r is given by 
 

D
22 λ2/ CurFR Π=                                                 (3) 

 
Where 
 
u → Velocity of the sphere relative to the fluid 
 
λ → Fluid density 
 
CD → Drag coefficient characterizing the flow. 
 
In terms of the Reynolds number 
 
Re = 2λur/µ                                                             (4) 
 
Where 
 
µ → Dynamic viscosity of the fluid 
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Equation (3) can thus be expressed as 
 








Π=
24

Re
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ruFR                                             (5) 

 

The gravitational forces on the sphere is given by 
 

( )
3

λλg4 L
3 −Π= r

FG                                               (6) 

 

Where 
 

λL → Density of the sphere 
 

λ → Density of the fluid 
 

The density of the fluid is the density of the air in the 
present situation and the value is much lower than that of 
the density of the sphere. We can thus have 
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The drop attains the terminal fall speeds when the 
drag forces on the sphere become equal to the 
gravitational forces. For such situations we have; 
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In case of lower Reynolds number, we obtain; 
 

CD Re/24 = 1 
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Where 
 

k1 = 1.19 × 106 cm-1 sec-1 
 

For sufficiently high Reynolds number, CD is 
independent of Re and often have the value of 0.45. Thus, 
Equation (9) reduces to; 
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Where 
 
λ → Air density 
 
λ0 → Reference density of air at 1013 hPa 

pressure level 
 
More accurately the terminal fall speed of the 

particles is given by; 
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Where 
 
λh → Particle density 
 
λa → Air density at different levels 
 
g → Acceleration due to the gravity 
 
The particle whose fall speed is matched by local 

updraft speed will remain suspended in air stream and 
would continue to grow by the process of accretion or 
condensation. The fall speed VT of the spherical particle of 
diameter D is extremely important. 

 
Thus, taking  
 
W (z) = VT 

 
The upper limit of the size of the particle present in 

the mixed phase within 0 to (–) 40 degree Celsius can be 
computed. The droplet aloft adopts the updraft speed and 
hence the maximum particle size can be estimated in the 
mixed phase region. The updraft speed of interest is 
typically at the altitude significantly less than the LNB. 
The results of the present study show that the updraft in 
the range of the 10 – 20 m/s can provide the growth of 
particles size within the range of 1 mm – 10 mm in 
diameter. It is apparent for the ordinary thunderstorms 
occurring in the mixed phase. For the updraft speed of          
20 - 50 m/s, the particles could be beyond 20mm in 
diameter and this can lead to the development of a severe 
thunderstorm provided that other conditions favour. 
However in case of the drops, the maximum size could 
barely exceed the typical range of 1 mm – 5 mm in radius. 
The droplets can further grow in the absence of the shear 
or the random process of collision, but these situations are 
ideal in the severe thunderstorms. Beyond this range of 
diameter, the droplets actually breaks up as the force of 
the gravitation increases so much that the surface tension 
forces cannot hold the drops together. 
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Fig. 1.  Schematics showing the variation of the radius of cloud 
droplets with pressure levels on 11th April 1997 (0000 
UTC) over Kolkata 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Schematics showing the variation of the radius of cloud 
droplets with pressure levels on 11th April 1997 (1200 
UTC) over Kolkata 

 
 
 
 
 
2.4.  Computation of drop breakdown with 

significance of Weber number 
 

In this section those conditions will be considered 
under which the isolated falling drops become 
dynamically unstable and breakup. Many scientists carried 
out experiments with drops falling through a long column 
of air at rest and with drops suspended in the low 
turbulence (Pruppacher and Klett, 1980). The wind 
tunnels have demonstrated that the drops can grow as 
large as the radius of about 4.5 mm before break up. The 
present study, using the concept of Weber number, shows 
that such large drops can really exist in the severe 
thundercloud. Since the drop breakup depends very much 
on the surface tension, the Weber number can be 
considered for the deterministic specification of the 
required radius range for the drop breakdown. It is           
the  measurement  of  the relative strength of the Bernoulli  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Schematic showing the variation of the Weber Number 
with droplet radius at 0000 UTC on 11th April 1997 over 
Kolkata 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Schematic showing the variation of the Weber Number and 
cloud droplet radius on 11th April 1997 (1200 UTC) over 
Kolkata 

 
 

pressure and stress due to the surface tension, which is 
mathematically expressed as 
 

( )/σdλ MAXaMAXWE, ∞= UN                                  (12) 

 
Where 
 
λa → Density of the air 
 
σ → Surface tension = 72.8 ergs /cm-2  
 
U∞ → the updraft speed 
 
It is therefore apparent that if NWE >> 1 then the 

surface tension stress, which helps to maintain a spherical 
shape, is practically negligible in comparison to the 
pressure, so that the latter can distort the drops. As NWE 
tends to 10, the droplets break up. 
 

The importance of the droplets for which the 
Weber’s no is greater than 1 lies in the fact that such drops  
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Fig. 5.  Schematic showing the range of the particles in which they 
are resistant towards splitting for the thunderstorm over 
Kolkata on April 1997 

 
 
can bear the induced charges under the effect of the 
electric field and can deform under the action of 
increasing electric fields. Such drops are therefore 
important for the purpose of preliminary breakdown. Thus 
the Weber number can be considered as the most 
important parameter in relation to the cloud microphysics. 
 

2.5.  Application of soft computing in quantification 
of the range of droplet radius 

 
The derived data archive including the Weber 

number and the radius of the cloud droplets at various 
pressure levels have been analyzed for the six severe 
thunderstorm days reported by Regional Meteorological 
Office, Kolkata, using the soft computing technique in the 
form of Rough Set Theory to specify the range of radius to 
which the droplets are resistant to splitting and the range 
in which splitting is prone. 
 

Soft computing techniques are of frequent use now a 
day in the field of applied sciences where the assignment 
is pattern recognition or forecasting. This computational 
procedure is highly applicable in the fields of meteorology 
where most of the parameters/phenomena are highly 
nonlinear and chaotic in nature (Chaudhuri and 
Chattopadhyay, 2001, 2002, 2003, 2004, 2005). Plenty of 
literature is available where application of soft computing 
in the field of atmospheric sciences is applied. 

Rough Set Theory belongs to that category of soft 
computing technique where some crisp ideas are to be 
built up on the basis of imprecise data set (Chaudhuri and 
Chattopadhyay, 2003). The crisp theory is only possible 
for the idea of “belongs to or does not belongs to”. The 
concept cannot bring out crisp results where the data 
structure itself has a significant degree of indiscernability. 
In Rough Theoretic approach to a data set, a decision 
algorithm is framed based on “cause & effect” thought. A 
sequence  of  causes  (C1, C2….Cn) is constructed to take a  

 

 

 

 

 

 
 

Fig. 6.  Schematic showing the variation of strength of instability 
and splitting at different radius range for the thunderstorm 
over Kolkata 

 
sequences of decisions (d1, d2…..dn). Corresponding to 
each cause or decision, a set can be built up. The strength 
of each decision is computed using the relation; 

i

ii

C

dC
Strength

∩
=                                               (13) 

 
In the present problem, two decision algorithms are 

framed; 
 

If 0 < N ≤ 0 then 0 < Radius ≤ 2.5mm 
 
If N > 10   then 2.5 mm < Radius < 5mm 

 
 
3.  Results & discussions 
 

Figs. 1 & 2 show the variation of the maximum 
cloud droplet radius at various levels at 0000 and 1200 
UTC respectively on 11th of April 1997, a reported severe 
thunderstorm day accompanied with hail. Fig. 1 depicts 
that the cloud droplets at the 450 hPa pressure level is 
only 2.69 mm in radius and the status of the large drops of 
radius 1.052 mm is at about 520 hPa pressure level. Fig. 2 
shows that the size of the cloud droplet is 4.62 mm in 
radius at 700 hPa and the droplets achieves the status of 
the large drops of radius 1.8514 mm at the pressure level 
of 770 hPa during 1200 UTC which is much lower 
compared to 0000 UTC clouds. It can thus be clearly 
stated that that the large droplets of 1200 UTC clouds can 
reach to the ground more easily compared to that of the 
0000 UTC cloud in which the large drops are formed at 
much higher altitudes. It can therefore be stated that at 
0000 UTC on 11th April the cloud cells were in the 
cumulus stage of development whereas at 1200 UTC the 
cloud cells turned to matured stage when the droplet 
radius are much larger from much lower heights within 
the cloud. 
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Fig. 3 shows the variation of Weber number with the 
radius of the cloud droplets at 0000 UTC on 11th April 
1997. The figure depicts that the Weber number for the 
droplets of radius less than 1 mm are lower than 1. These 
particles therefore have high surface tension, which 
facilitates to retain their spherical shape. The value of the 
Weber number obtained to be 1.768 for the drop radius of 
1 .05 mm and is 11.5 for the drop radius of 2.69 mm. Thus 
the droplets of radius ranging between 1 mm and nearly 
2.5 mm have the Weber number within the range of 1 and 
10. Within this range therefore the droplets get distorted. 
The droplets exceeding the radius of 2.5 mm begin to 
break. The cloud droplets reaches this value at a much 
higher altitude of 450 hPa and thus the splitting processes 
in this cloud cell initiates from much higher altitude. 
During 1200 UTC (Fig. 4) on the other hand, radius of the 
droplets corresponding to Weber number between 1 to 10 
is nearly 1 to 10 mm and the drop radius is 4.62 mm with 
N = 34. These droplets are therefore prone for splitting at 
the height of 3000 m or 700 hPa pressure level. This being 
at a matured state of development all the microphysical 
processes is much active. 
 

Fig. 5 shows that the droplets between the radii of          
0 mm to 2.5 mm have the Weber number less than 10. 
These droplets are therefore resistant to splitting but they 
can undergo the distortion in their shapes. 
 

Fig. 6 shows that the drop radius typically between 
2.5 mm to 5 mm are more prone to splitting but the drops 
within the range of 3 mm to 5 mm have maximum 
tendency towards breakup due to the large drop instability. 
 
4.  Conclusion 
 

The study leads to conclude that CAPE is 
instrumental in viewing the microphysical processes 
during severe thunderstorms. The droplets of radius within 
the range of 1 mm to nearly 2.5 mm have the Weber 
number ranging between 1 and 10. Thus the droplets get 
distorted and as the droplets cross the radius of 2.5 mm 
they tend to break. 
 

The drop radius typically between 2.5 mm to 5 mm 
is more prone to splitting whereas the drop radius within 
the range of 3 mm to 5 mm have maximum tendency 
towards breakup due to the large drop instability. 
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