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Abstract - Lightning is a climate-related, highly localised natural phenomenon, where electrical charges generated due to 
cloud/air movement or dust storms and volcanic eruptions or other turbulent atmospheric conditions get discharged to the 
earth through a conductive path with disastrous direct and indirect effects. The authors have visited the various places of 
lightning incidents over the past few years. In this paper an analysis of cloud to ground lightning strike is discussed. 
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I. INTRODUCTION 
 
Strong convective processes are the leading 
mechanisms for the formation  of thunderstorms. 
Thunderstorms consist of one or more convective 
cells ,each of which experience a life cycle. The 
lifecycle of each thunderstorm includes the cumulus 
mature and dissipating stages. It is during the mature 
stage that lightning occurs accompanied by rain and 
sometimes hail. During the cumulus stage 
thunderclouds form, as warm, moist air rises and cools 
at the dry adiabatic lapse rate. When the relative 
humidity in a rising and cooling parcel exceeds 
saturation, water vapor condenses on airborne 
particulate matter to form cumulus clouds. The release 
of latent heat during condensation allows this moisture 
and surrounding air to remain buoyant, and the 
atmosphere remains unstable. As the rising air parcel 
passes the freezing level, some water particles begin to 
freeze. Particles that remain liquid at temperatures 
below 0°C are known as super cooled water particles. 
Liquid water particles and ice particles, also known 
as graupel, exist at temperatures between 0°C and -
40°C in the mixed phase region where most 
electrification is thought to occur. As the vertical 
growth of cumulus clouds continues, thunderstorm 
clouds known as cumulonimbus begin to form. 
The onset of the mature stage of the thunderstorm 
commences with the release of precipitation towards 
the ground. At this stage, rain, and sometimes hail and 
snow, descend through the cloud and drag the 
adjacent air downward, creating strong downdrafts 
alongside the updrafts. A thunderstorm cell attains its 
maximum intensity toward the end of this stage. Rain 
is at its heaviest, lightning is more frequent and hail, 
strong surface winds and even tornadoes may develop. 
The characteristic anvil cloud top forms towards the end 
of the storm, as the strong up draughts reach stable 
layers in tropopause, and the moist air dissipates 
horizontally.  
The dissipation stage is characterized by subsiding 
air. Adiabatic compression warms the subsiding air, 
relative humidity drops, precipitation tapers off and 
ends, and convective clouds gradually vaporize. 
Thunderstorms may last from thirty minutes to over 

few hours depending on the number of convective 
cells that form. Thunderstorms can therefore be 
characterized as single cell, multi-cell or super-cell. 
Multi-cell and super-cell storms are known for their 
vigorous nature and increased precipitation and 
lightning activity. They usually last for a period of 
many hours.  
Thunderstorms occur through various mechanisms 
with convection being the dominant process. They 
may be classified under the broad categories of air 
mass thunderstorms, frontal thunderstorms and 
Mesoscale Convective Complexes (MCC).  
 

 
 
II. LIGHTNING INITIATION  
 
The initiation of lightning takes place in cloud 
regions with sufficiently strong electrical fields. 
Lightning is discharged as stepped leaders that 
propagate towards the Earth in discrete steps of about 
50 m each. The ionization path taken by these leaders 
depends on various variables such as the shape of the 
electric field, dust and other particles in the 
atmosphere that offer resistance. Leaders tend to 
follow paths that offer the least resistance (which 
does not necessarily imply that they cover the shortest 
distance). As the leader grows, it creates an ionized 
path depositing charge along the channel, and as it 
nears the Earth, a large potential difference is 
generated between the tip of the leader and the Earth. 
The Earth acquires a net positive charge and a 
positive streamer is launched from the Earth 
intercepting the descending stepped leader initiating a 
return stroke that transports charge between ground 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-5, Dec.-2015 

Influence Of Terrain Elevation On Lightning Strike 
 

25 

and cloud. The current surge along the conducting 
channel results in an explosive expansion of air 
heated to temperatures in excess of 30,000°C, 
producing an incandescent flash and shock waves 
known as 'thunder'.  
Following the initial electrical discharge, subsequent 
surges of electrons called 'dart leaders' follow. The 
total discharge of energy resulting in lightning is 
called a 'flash' and involves one or more subsequent 
current flows, each of which is termed a 'stroke'. A 
'flash' is made up of one or more strokes and has a 
total flash duration of less than 1 s. Flashes may also 
take place between two clouds, known as Cloud-to-
Cloud (CC) flashes, within the same cloud, known as 
Inter-Cloud (IC) or from Cloud-to-Ground (CG). CC 
flashes outnumber CG flashes by a ratio of at least 
6:1 and are characterized by lower amplitudes 
(Collier et aL, 2006). CG flashes are further 
subdivided in to downward negative lightning, 
downward positive lightning, upward positive 
lightning, upward negative lightning and Bipolar 
lightning. The downward negative lightning 
discharge accounts for 90% of the cloud to ground 
discharge. 

 
III. INFLUENCE OF TERRAIN ELEVATION 
ON LIGHTNING DENSITY 
 
Convective clouds frequently build over the high 
terrain, typically beginning in the late morning or 
early afternoon, driven by mountain-valley 
circulations.. In addition to the enhancement of deep 
convection in complex terrain, there are flash-scale 
interactions between downward propagating leaders 
and terrain variations that can alter the nature and 
location of attachment to ground. More speculatively, 
it is even possible that extreme terrain variations or 
high terrain might alter the conditions under which 
preliminary breakdown occurs above the freezing 
level in clouds – the first step in the generation of a 
CG lightning flash. These effects suggest that there 
may be terrain-related variations in not only the 
incidence of CG lightning, but also in some of the 
physical parameters of CG lightning such as flash 
multiplicity, first-stroke peak current, and the number 
of ground contacts per flash. Thus the topography 
plays an important role in thunderstorm development. 

 
IV. CASE STUDY AND DISCUSSIONS 
 

1. In 6.6 2014 near singaperumal 
koik,chennai Tamlandu,Inda ,two boys who were 
playing under a tree was dead when lightning  had 
struck  the tree.  

2. In April 13 2015 near gudiyatham,Vellore 
Tamilnadu,few boys who were playing, as  it had 
started raining they took shelter  under a tree. The 
lightning  had struck the tree, one person dead  and 
six other  got injured  
 

The authors visited those places and observed certain 
similarities in the incidence of lightning strike. In 
both the cases ,the lightning had struck a tree of 
moderate height  which is surrounded by tall trees , 
buildings and a small hill nearby. Though it is 
generally, believed that only very high clouds can 
initiate lightning strike, but its not always the case. In 
this case if the height of the cloud is more then 
lightning would have struck the tallest object as in 
this case it is the tower. The reason for this strike 
could be the low lying clouds. and it is also possible 
that  low lying clouds can strike anywhere. The 
terrain elevation influences the lightning probability. 
So lightning at any point not only depends on the 
height of the cloud but also on the movement of the 
clouds and the topography of the place. The 
topological survey of the incident spot in gudiyatham 
is shown in Fig.2. 

 

 
Fig.2.The topography of the lightning incident palce. 

 
 
CONCLUSION  
It is evident from this study, the topography plays an 
important role in thunderstorm development .Though 
it is perceived that lightning strikes only the tallest 
objects but it is not always the case. The height of the 
cloud, movement of the cloud and the topography of 
the place determines the point of strike, 

 
REFERENCES 
 
[1] All about lightning, Dover publications, New York, 1986. 
[2] A critical review Of nonconventional Approaches to 

lightning Protection, By M. A. Uman and V. A. Rakov. 
[3] 5. Uman, Martin A. (1986). All about Lightning. Dover 

Publications, Inc. pp. 103–110. ISBN 978-0-486-25237-7.  
[4] Uman, Martin A.' "All About Lightning"; p. 55,81; Dover 

Publications N.Y.; 1986; ISBN- 2-486-25237-x. 
[5] John E. Oliver. Encyclopedia of World Climatology. 

National Oceanic and Atmospheric Administration, 2005; 
ISBN 978-1-4020-3264-6. Retrieved February 8, 2009.  

[6] DAILYTHANTHI  Newspaper April .13.2015 
[7] http://www.lightningsafety.com/nlsi_pls.html 
[8] DEHN+SÖHNE (2007): Lightning Protection Guide, 

revised 2nd edition (Neumarkt: Germany), 331 


