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Thunderstorm electrification
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Development of thunderstorm

• The developments of thunderstorms over 
any region are mainly controlled by    
thermodynamic  conditions such as CAPE         
and CINE.

• Moisture availability, Orogrphy , prevailing  
meteorological conditions and Aerosols 
also play important role in initiation and 
evolution of thunderstorm. 
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 About 2000 thunderstorms are active at any time all over the globe.

 Major regions – South Americas, Africa, Asia. Comparatively 
negligible activity over oceans.

 In India – maximum concentration in northeast India.

 Maximum activity in the afternoons. 

Geographical  Distribution of Thunderstorms
________________________________________________________



Global lightning distribution



Climatology of Thunderstorms and CAPE 
over India
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• During pre-monsoon moisture content 
dominates the thunderstorm activity rather than 
CAPE.

• During monsoon season, thunderstorm activity 
show good correlation with CAPE. 

• Radiative cooling at mountain tops during night 
can  generate moisture conversion at the 
foothills and trigger the deep convections.
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Diurnal variation of lightning



Lightning activity 
during monsoon 
progress over 
India (2010)
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Mean annual number of thunderstorms in India and neighborhood

(After Pant and Rupa Kumar,1996).



15Month and timing of maximum thunderstorm activity.
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Tripole charge structure 

Three charging regions
1. Upper positive charging region

2. Main negative charge region

3. Lower positive charge centers.

Electrical structure of thunderclouds
________________________________________________________
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An isolated thunderstorm in central New Mexico, with a rudimentary indication of how electric 

charge is thought to be distributed inside and around the thundercloud, as inferred from the 

remote and in situ observations. Adapted from Krehbiel (1986).



Mesoscale convective system
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Electrical structure of Pune Thunderstorms

• Category I  -
Positive dipole ( 

normal)

• Category II –
Tripole 

• Category III 
Negative dipole ( 

inverted)

Pawar and Kamra JGR (Atmosphere) 2009



Charging Mechanisms

1. Convective

2. Inductive

3. Non inductive
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Convective mechanism
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• According to convective charging mechanism a
growing cumulus cloud draws positive charge
from beneath the cloud base and it is carried up in
the updraft. This positive charge is carried to a
region near the cloud top where negative ions
from surrounding atmosphere are attracted
toward cloud and get trapped on cloud particles in
its boundary layer and form the screening layer.
The negative charge in the screening layer is then
transported down with the downward motion of
screening layer and accumulates in the lower
portion of the cloud.
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Inductive mechanism
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• The inductive charging mechanism is based on the 
existing vertical electric field to induce polarization 
charges in cloud particles. The collisions occurring 
between the falling larger cloud particles and the 
up-going smaller particles, transfer positive charge 
to small particles and negative charge to large 
particles. Vertical separation of large and small 
particles due to their differential terminal velocity 
under gravity then creates the positive electrical 

dipole in cloud. 
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Non-inductive charging mechanism

• These charge generating processes occur
during particle collisions in which charge is
transferred from one particle to other,
independent of the local electric field
strength. In thunderstorms, such charge
transfer process leads to the observed
vertical dipole when the oppositely charged
particles separate under gravity.
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Electric field: Polarity and Magnitude



Effect of Aerosols on Lightning



• Thermal Hypothesis

Enhancement in lightning activity over big cities 



Aerosol Hypothesis



Lightning and Aerosols



Rain 

Both thermal and aerosol hypothesis are  playing important 
role in lightning enhancement in big cities .

Aerosols show good positive correlation with lightning. 



Effect of orography on lightning 
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Lightning Climatology over India

Longitude

Monsoon Premonsoon
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 About 100 discharges occur all over the globe and approximately 

1/3rd of them strike the ground every second.

 2/3 of the global lightning activity occurs in tropics.

i)   Intra-cloud discharges

ii)  Cloud-to-ground discharges

iii) Cloud-to-ionosphere discharges

(sprites, elves, blue jets)

Types of Lightning
________________________________________________________
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 Cloud-to-ground discharges mostly bring negative charge to 

ground – negative discharges.

 Positive discharges not uncommon, involve more energy and, 

perhaps, initiate cloud-to-ionosphere discharge.

Polarity of Charge
________________________________________________________



36

i)   Stepped leader

ii)  Return stroke

iii) Dart leader

(a) Strokes – up to 26 observed

(b) Streamers from ground objects

(c) Junction process

(d) Continuing currents – 100-200A   for ~ 100s.

Structure of cloud-to-ground discharges
________________________________________________________
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Lightning stroke to chimney pot showing meeting point between 
downward leader and upward streamer.



Cloud-to-Ground lightning discharge



Electric field change produced by Negative 
CG
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Electric field change produced by positive 
CG



Electric field change produced by positive 
CG



Electric Field change



CG Discharge



IC Discharge
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 Currents flowing in a discharge 20,000 to 200,000 amp.

 Charge destroyed in a single discharge ~ 20 C.

 Electrical moment destroyed in a single discharge ~ 100 C km.

 Energy of a flash - 109 – 1010 J.

Gross features of discharges
________________________________________________________
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 Lightning cannot be prevented; it can only be intercepted or 

diverted to a path that will, if well designed and constructed, not 

result in damage.  While there is no single technology hat can 

completely eliminate the risk of a direct strike and/or over 

voltage transients, a holistic approach to total facility protection 

can help safeguard almost any facility, equipment or person.

Protection can help -
_______________________________________________



Global Electric Circuit 
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Lightning –Precipitation Relationship

Atmospheric Research 2009
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Rainfall-Lightning relationship during monsoon
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Lightning during monsoon
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Effect of urbanization on local weather

•Thermal Hypothesis

Aerosol Hypothesis
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Thank You

Thank You


