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ABSTRACT

Climate change hag browght i frequen ingidence: of disasrers and lighining s one:of them, The geographic lovanon gf
Ohdigha is vulnerahle to frequent divasters and evory vear it faces many suck dizasters. It affects the poor and morginalizad
the moxst g ax it iz primartly an agravion soelery and av mozi of the population are engaged in agricultire. they get
exposed to Hghtning while worklng in the paddy field, It brings d‘em’."r or make people disabled in many sease challenging
the swrvival of the familics whe aperates @t subgistence level. The deaths occwrring due w fightning was nover coverad
umder the ex-gritia payment and the conmeibution of aoademics 1o drive home the fact thar these are eelestral phenomenon
und weeds o be tregted ay divasters hive mode the poliey makers o infraduce compengation Since 2000-11. This kas
hrought in same relisf 1o the affected fomilizs. The intervention of the siate of Odisho to address the vulnerability of peaple
in cwelane, floods and heat wave is appreciated globally and similar interventions are required to address the vulnerability
af the peaple 1o lighming. The eorly worning swstem in lighming {5 introduced in Odizha in 2019 and thig hay trought in
fess number of deaths. This.calls for further ressarch and progressive policy tnerventions, so thar-the fives and Iivelihoody
of the people can be savid

Keywards: Climare change, Disaseers, Valwerabilion fisk maiganon and FPolice inrerventions,

1. Introduction The stiking of lighining depends on the
temperamure of sarth’s surface. When the ground 1s
hot, it heats the hir above il. This warm air rises
along with water vapor and when it cools in the
atmosphere it forms a cloud. When air continues to
rise, the ¢loud grows m size. The top of the clouds
where the temperaturs is below freezing point water
vapors tumns inte ice. The cloud tums mto &
thundercloud. Lots of small bits of 1ce collide with
¢ach ather a8 they move around. All these collisions
causea buildup of electncal charge. Eventually, the
whaole cloud fills up with electrical charges. Lighter,
positively charged particles remain at the top of the
cloud while heavier, negatively charged parhicles
sink to the bottom of the cloud. When the positive
and megative charges grow large coough, a glant
spark - lightning - oecurs between the two charges
within the cloud. Most lightning bhappens mside o
cloud, but sometimes it happens betwesn the cloud
and the ground. A huildup of positive charge builds
up on the ground beneath the cloud, atiracted to the
negative charge in the bottom of the ¢loud The
ground's positive charge concentraies  argund
anything that siicks up - rees, lighining conductors,
even peaple and livestock The posilive charge

Odishy 18 vulnerable (o disasters and every year il
faces the brunt of destruction of property and loss
ol lives. Natural disaster can gtrike a locality o any
form like cyclone, {lood, sunam. earthguake. heal
wavelcold wave erc. and cause lois of destruction
and devastation in (he area. It leads to number of
deaths of human beings and animals. !t also canses
phvsical injuries which In some c¢ases remain
permanent disability slong with emotional scar. ln
contrast o the above calamities lightning strike in
receml years is emerging (0 be the major killer
around the world but draws less attention. While:
severe weather like hurricanes and tornadoes
typically only hit particular areas of the globe,
lightning can strike anywhere. Lighining, are a
sudden  electrostatic  discharge  during  thunder
storm. This discharge allows chargad regions in the
atmosphere (o lemporarily equalize them, when
they strike an object on the ground. This celestal
phenom=non r2leazes about |100million valts of
electreity within & thousandihs of seconds. The
strike dischorges around 1-10 billion joules of
energy and produce s currept of 30,000-30.000
wmp.
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[rom the ground conmects with, the negative charge
from the clouds and a spark of lighming strikes.
Basically lightings are of three types. Intra-cloud
lighting (IC) takes place between elecirically
charged regions of a cloud. Cloud-to-cloud (CC)
lighting oceurs between two [unctional thunder
clouds, Thirdly, Cloud-to-ground (CG) lightning
primarily onginates i the thunder clovd and
terminates on an sarth surfics (but may also oceur
in the reverse direction). CG lightning i5 the best
known because it lerminates on a physical object
mostly on the sarth and thersfors, lends itself to
being measured by instrumends. In addition. 1t poses
the greatest threat to life and properiy.

Tt is found that poor people are most vuinerable to
lightning. Globally the tropical areas covering land
mass of Africn, South America and South Asia,
having hot humid climate are volnerable o
lightning sirikes. These coumiries mostly mhobited
by the population engaged in agricultore and allied
getivities. Thege aclivities are being done in the spe
old monner of tmaditional way making people
viulnerable (o lighining stnkes, Other (han the
nature of job few other faciors put the poor people
at risk of lightning.

Nature of job: The nuture of job of furmers
working in hot. humid and moist climate put them
i ap unprotected situation. They do work m open
agricultural field with holdmg metal equipment thus
putting their life in danger. Small patch of moist
land bordered with mised boundaries are the idle
ground for lightning, strilee. Along with this when
the person holds metal equipment and stonds inside
the land area the chances of receiving the strike
tncreases many Limes.

Low literacy rate and awareness about lightning
strikes: Lightning is a growing problem and mostly
people are nol sware whout it In the developing
Asian and African countries people are mostly
guided by the superstition about lghining than the
scientific facts and figures. So the lightnmg
incidents of death and Imuries s picking up in
countries lhke Indonesis, Thailand., Cambodia,
Vietnam, Malawi, South Africe just to name the
Tew countres.
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Unsafe house structure: Low economic conditions
restrict the access to safe housing facilities. High
death rates in developing countrigs according to
experts can  be attributed to  inadequate
infrastructure. The number of lighting deaths in the
United States dropped significantly after adapting
betfer home construction, a shift in labor practices,
and the spresd of hightning arresiers.

Unsafe traditional equipment:  Agriculiural
worlers i the developing economy ostly use the
traditional practices instead of modem equipment.
The modem mechamsms like tractors are safer m
comparison to hand holding tools, In rich and
developed countnes farmers use tractors for big
agricultural operations These tractors are [ully
enclosed, making it as safe as a car during a storm.
These hig mechsnical interventions i sericulure
operations alse reduced the number of people
needed 10 raise and pick crops and thus contributed
significantly in reducing the death rates in ths
agricultural figld due o lighining.

Vulnerabilities of nomads and herds man:
Apnimal berds and the herdsmen are wulnerable
during the grazing practiges. The animals in the
wild life sanctuaries are also very vulnerable to
strike. Many dead Rhino due to celestial strike are
found in Kajiranga National park, Assam. In stray
meidents of lghtmne stike there are repons of
animal death like cattle herd b this has not been
properly enumerated Lo ascerlain the loss of animal
life.

Loss of tall vesetation in rural arens: Culting
down of tall tree like palm and coconut trée add 1o
the suffermgs i penl. Growth of population
lzading to deforesiation and cotting down of (all
trees like palm and coconut invites the lighiming
Nashes at ground level. The tall irecs used to act as
a shield in the ruwal areas now with ifs
disappearance poor people’s risk factors i the rural

areas has increased.
2. Impacts of Lightning

Impacts of lightiing fom three umportant
perspectives such as human health, economics &
infrastructure, ond climate change are discussed in
this section.
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Table 1. Impacts of lightning on human body in percentages.

Bemory Deficits & Loss 52% **  [Depression (2% *
Attention Deficits 419 =+ Inabihity to Sit Long 32%
Sleep Dhsturbance 40 * [External Burns 32%
Numbness 3l ** Severe Headuches (320, *»
Dizziness 3% * Fear of Crowds 29%; *
Easily Fatigued 37% * Storm Phobia 290 *
Stiffuess i Joinis 35% Inability to Cope Qg *
Irtitability/ Temper Loss 4% * General Weakness [29% **
Phatophabis 34% Unable to Work 2% **
ILoss of Strength/Weakness 340 =+ Reduced Libido 260 *
uscle Spasms 4% Confusion 5%, **
Chronic Fatigue 2% ¥ Coordination Problems 8% **
Hearing Loss 2 5%
* Denotes Psychological ** Denotes Psychological or Organic No Asterisk Dienotes Organic
Sowce; Lightning's Social and Economuc Costs - Richard Kithil, President & CEO, NLSI- National
Lightning Safety Instinute.

2.1 Health Perspective

Available data shows direct strike victims of
lightning 15 very [ew in number i compurisons o
the indirect victims like contact. side flash or
pround. current. The vietims who survived 1he
strikes show various signs of trauma both physical
and menial. In ecase of physical sign like & gunshot,
lightning sitike canses both an 2xil and entrnnce
wionnd, marking where the current both entered and
left the victim. One of the most intense effects of
lightning strike occurs within the brain. Affocted
brain cells appear more subtly over time.

Many survivers report memory issugs. trouble with
concentration, and severe headache, all of which
last decades affer inttial strike. Aside Bom
impaciing on long temm bram finction. Lghtning
sirikes pre also known to blow out ear drums,
prompting constant muscle twitches and moderate
to severe nerve damage. Overull the effects of a
lightning sirike may range from inganvenience fo a
debilitating life long strugele (Table 1),

2.2 Econamic and Infrastructure Perspective

Lightning is @ major natural hazard in many
different  environments, from power utlity
companies, to civil aviation, fo golfers and more.
Thousands of people are killed every year hy
lightning bolts, while tens of thousands are injured
o5 well. It affects both the daily commercial

il

activities and recreational aclivities. In the United
States alone damapes due to lightning strikes
amounl o tens of millions of dollars snnually. In
recent years. with increasing interest in renewal
energy. wind (urbines hove become extramely
vilnerable to lightning damage. Tens of thousands
of fires are also ignited by lightning every vear.
National Lightning Safety Institule & premier
institute m USA with regard to lightning safety
policies and procedure states that thirty percent of
USA business suflers lighining losses. [n aggregate
the country losses §6-Thillion dollar/year due to the
unprecedented celestial affairs. The sources of
hghming consequences Include [fire. insurance
industry report, storage and processing activitiss,
elecinical nfrastructure. petro chemical indusicy
and minlng industry.

In developing countries of South Bust Asiun
regions, the wvictims of Lightning are mostly
engaged in the livelihood activities when they are
struck by the celestial strike. People are cither doing
some odd jabs holding metal tools in paddy field or
fishing 1o ponds/river, or searching for pasture for
their herds in grassy bushy linds. These s&t up n
the developing countries are the informal sector
without sny formal assessment $tructure. So the
loss of property or the economic cost of lightening
can't be evaluated properly. But one thing is clear
that the survivor’s partial disability reduces the
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enrnang of the family and force the family to abject
poverty condifion which i grosslv ignorsd in
caloulating lighining economic cost.

In case of India, lightning docs nol come under the
guidelines of calammty reliet rules and most of the
lightmng-affeeted states in India provide an ex-
gratin amount of Bsl lakh te the kith and kin of the
deceased person from the Chiet Minister's Relief
Fund (CMRF). Parisl attack which leads (o
permanent disabilities. crop loss. or any other semi
property  loss affecting severely the ecconomic
backbone of poor agrcultural family is ignored
under the relief seheme. In addition to the loss of
life, sufferings and economic loss, there 15 mdirect
cost of lightning m terms of monumenis and
national heritage sites. These cases are under
reported and hence economic loss 15 not properly
represented. In countries like South Africa the cost
mcwred by govermments on lightning  sccident
insurance 15 more than R300 million per vear.

Countries like Cambodia, Vietnam and Thatland,
Indonesia, Sri Lanka, Nepal even though suffers a
lot to heavenly wrath don't even huve proper
expertz and so the izsue ig left unaddressed. In case
of Buangladesh alicr including lightnmg sidkes (o
the list of natoral disasters in 2016, the awthorities
have started giving financial assistance 10 the
vicum's family as 1t does in case of storms, floods,
and river srosions. The compensation amount varies
between BDT7, 500 -25.000. The Disaster
Management Ministry within one ygar has already
distributed BDT1.8 million among families of
lightning victims, However, the scanty literature
restricts the proper assessment of economic loss.

2.3 Climate Change and Lighining

Incressed frequency of lightning o the summer
season and during pre-monsoon peried foroed the
scientist to search for the link between the climate
change and lighining strikes. New research'
determining the impact of climate changg on the
world's lightning and thunderstorm patlerns has
found that for everv one degree Celsius of long-
term warming there will be & near 10 percenl
increase in lightming activity, Using different
models. scientists are ascertaining the fact that
warmer conditions sssociated with climate change

nre causimg more water evaporalion rom Lhe water
bodies. This process increazes the chance of cload
formation at 8 lower altitude of atmosphere creating
potential ground for lighining strikes.

Waler wvapor in the atmosphere is the primary
natural greenhouse gas, influencing the climate of
the earth. Since water vapor absorbs infrared
radiations emitted from the earth’s surface,
increases in water vapor in & wirmer climute would
resull in amplifying the inilial warming (Del Genjo,
2002). In snother bypothesis, Sulo wnd Fukunisha
(2005) esiablished conneciion between (ropical
lightning activity and high cloud coverage in the
tropics, strong connection between lightning and
upper tropospheric ice water content and |ce crywsial
size (Sherwood et al., 2006).

Surface temperature is another potential cause of
lightning strkes, Studies have proved high posiive
correlation between surface temperature: and
lightning activity (Williams, 2005; Price and Asfur,
2006). It 15 evident from the scientific modsl that
for trapical lightning centers, temperature is a key
driving factor of daily lightning activity.

It should be noted that not all tropical continental
thundersiorms sre intense lightmng wenerators’,
Intense lightning activity prefers a somewhar dry
environment, which may explein the difference
between African and South American lightning
activity (Williams and Satori, 2004 ). They showed
that the main difference between Africa and South
American lightning activity was due to African
being hotter and drier thun South America. In
addition, Williams (2005) showed that as the height
of thunderstorms ¢loud base increased, so did the
lightning activity. Higher cloud buse implies dner
surface condition which would support these
obzervations, In all, it is ascribed by the lightning
experts that in tropical arcas drer and hoiter the
climate, possibility of lightning strikes increases.

Lightning itsell influence the ¢limate vie producing
heavy amount of nitrogen oxides followed by

'Colin  Price- “Thunderstorms, Lightning and
Climate Chinge", 29" International Conference on
Lightning Protection. 23™-26" June 2008,
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Figare 1: Map of Odisha along with population density and infrastructure network.

production of ozene (Schumann and Huntrieser,
2007). The global amount of nitrogen oxides
produced by Lightning and thunderstorm i still
highly uncertain bt it is believed that the nitrogen
concentration in the upper troposphere plays
important role in earth's climate.

3. Lightning and its Impacts in Odisha

Odisha is an enstern coasial state of India [ying in
the tropical zone. [ts varied goographical conditions
expose the stute 1o multiple shimute nsk. Long coust
line of 480 km along with big lakes. nvers and
wibutaries mark the exisience of huge water bodies
in the state. On the other hand, the presence of
middle mowntainons and high land remon along
with ceniral platesu ond westen rolling upland
make the state vulnerable fo hot and dry climate, a
comlorable breeding ground for the lighting
strikees (Figure 1).

&1 Valnerability to Lightning

Lightning has been the biggest killer in the Siale
During last 7 years lighining has taken 2,557 lives
more than any other natural disaster during the
period. On an average il tukes wround 363 lives
each year. Most deaths occur during the months

from May to August (about 71%). High occurrence
of deaths haz been observed in Mayurbhanj,
Ganjum, Keonjhar, Sundergarh, Cuttack. Balusore,
Dhenkanal, fajpur, Khordha and Nawarangpur
districts, About ope third of lightning deaths took
place while working in paddy fields.

3.2 Susceptibility to Lightning

Susceptibility 1o hghining in the stale increasss dus
o the nature of economy and the stape of
development. Odishe 18 an  asgriculture bused
cconomy. More than fifiy percent of the
populations are engaged 1n the informal sector of
agriculture and the allied activities. This important
sector of the state suffers hard due 1o frequent
natursl vagumes like flood, drought und cyclone.
The growth rate of this sector remains at & very
subsistence level due io the increased [requency of
natural calumities. The economuc condition of the
senall and marginal FErmers is fagile. Affordability
becomes a factor that restricts the use of modern
tools and techniques by these vulnerahle farmers,

Poverty stricken farmers use cattle and plough to do
the various kinds of backbrenking agricultural
work. Adding fo this, ens third of the stage
population are tribal people Hving ol o subsistence
ievel. Mostly they are engeged in plucking Kendu
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Table 2. Number of deaths in different calamities during the period 2011-12 to 2017-15.
(Source: (JSDMA Government of Odisha)

(8.No. | Calamity | 2011-12  2012-13 | 2013-14  2014-15  2015-16 | 2016-17  2017-18
[} | Lightaing | 351 203 372|310 (402|398 431
2 Fire 36 24 13 129 | 37 92 38
3 | Sunstroke | 22 £3 16 40 60 52 34
4 | Cyclone | 0 0 | 72 |3 0 0 0
5 (Feod |72 |4 ET TR S T Y 2

6 Hailstorm | 6 I 4 1 5 7 7
17 Drowning | NA | NA NA | NA 246 418 | 351

Hoat

8 | Capsize | 15 a3 8 34 19 7 3
9 ‘Snﬂke Bite | NA NA  |NA NA £27 |52 509
| | Total 502|440 540 | 48] (1205 [ 1517 [ 1875

Number of sanctioned death compensation dueto lightning over
a period of 2010-1110 2017-18
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leaves a5 a source of income. They do the shifling
coltivation to satisfy their food requirement. Cther
than agriculture activity people are engaged with
keeping caitle and cattle herds. As per 2011 census
data. 83.32% of totl population lives in rural area.
Education and awareness with regard to lighthing
eccurrence 18 very limited ‘along wilh number of
superstitious beliefs, Lightning iz a major natural

&0

calamity of the state. On an average it kills around
363 people per year. Other than the case of snake
hite and drowning more people ate dead due 1o
lightning strikes as 18 evident from Table 2.
Agricultural farmer receives more burmt and
injuries due 1o lightning seconded by cattle herds
and herdsmun. Even the children playing in the
open figld are not spared by the strikes.
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Figure 3; Trend of lightning deaths in Odisha 2011-2018.

4. Steps taken by the Government of Odisha

The public discourse on lightming in Odisha 15 very
recent and also at the nascent stage, In this regard,
the state has come up with policy provision to
respond to such situntions and have also come up
with policy changes in the “Odishz Relief Code™.
The following provisions are made to address the
issues of lightning vietims.

{1) State government hus declared lightmmg as state
specific disaster and extended ex-gratia amount
from 1.5 lakh 1o 4 lakh rupees.

(i) Adoption of superior techneology for early
lightning warning system from vear 2018, It has
becoms effective m reducing the number of
vietims:

(i) OSDMA spreading awareness campaign about
lightmuing myvihs and precautionsry measures,

(iv) The govermment 15 sseking the help of SHG s
to reach out the remote aress with regard to
Precautionary maasires.

TFigure 2 shows number of sanctioned death
compensation over the pemod of Tyeurs. The stale
government accepted lighming as a state specific
disaster and extended monetary compensation since

gl

20010-11 1o the deceaged family’ members. Prior 1o
that perind no formal enumeration with regard 1o
lightning causalities wag happening in the state.
Only reporting was made with regard to hghtming
striles. So there is dearth of factual data to establish
the fact that with the progress of time as climaste
change 15 getting its strong hold on the humaniry so
ulso the lightnings are becoming intense.

Figuie 3 shows the trand in the number of death
compensition coversd under povernmenl of
Odisha’s ex-gratia payment for the deaths ocourred
due 1w lightning, The tend indicutes slow and
steady increase in the death toll over the period.
Another significant aspect of the trend 15 that each
upraised dewth is followed by fall in the number of
death in the subsequent year. [t can be attributed to
lhe inercased awareness dove by the government
offictals. Earlv lightming warning svsiem installad
in the melrology department in the year 2019 and
subsequent dissemunation of information via smart
technology 18 now reducing the lightning hazards in
the stale.

Lightning is a major natural disaster for the state of
Odisha, but the whole geographical location of the
stk 15 not equally susceptible to hehtumy sirikes.
Figure 4 shows that the interior highland areas of
northern and southern zones ol the state slong with
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Figure 4: Blockwise lightning Ceasualties in Odisha,
(Source; OSDMA. Government of Odisha)

coastal upland sreas are more prone (o lightning
strike, This is evident from Table-3. which gives
district wise break-up of lightning casualtics
compensation ex-gratia by the government of
Odisha over the period 2010-11 to 2017-18
Mayurbhanj, Balasore, Keonjhar, Bhadrak,
Sundargarh are the districts with high fatalities due
to lightming sirikes. These are the districts having
moist and hunud climate due to the presence of
water bodies or are placed in hilly mountainous dry
region. Both the zone creates  conducive
environment for lightning activities in the event of

rise in  temperature. However,  awareness,
cducation, dissemination of information about
lightning and improved technology can reduce the
vulnerabilities of the people. This is evident from
Table 3. Jagatsinghpur. even though a coastul
distriet could sved celestial injuries becsuse of
high awareness and education drive in the region.
So also Khordha district having state capital,
engulfed smart techmology and hence could avoid
the lightning strikes even though it is having
proximity to the coast line and existing on a high
land zane.
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Table 3. District wise sanctioned ex-gratia to lightning deaths during 2010-11 to 2017-18.
{Source: Special Rehef Commigsion, Government of Odigha)

District |*l2040-11 [+ 201392 - 201243 |- 201334 - 208415 | ~[201516 [~1201617 ~ 201718 |[r|Total Over a Period »
Bl [ 15 ] 17 3 1B 7 13 495
Balasore 10 4 P g 17 2 il 24 144
Bargarh i | i 3 ik N 9 i6 13 ]
Btk il 10 k| B q 15 0 ri! 103
Bolanglr 8 15 4 2 12 11 i 5 M
Boiidhn | i i 2 ] i 1] i 16
Cuttach 5 b5l 16 P I il 15 (] 116
Diaqgark 3 13 4 a 2 £ | g 48
Bhenkanal 18 £t 15 1 15 16 1 § 128
Gajapat i (I 1 3 T 1 ] d 11
Giarfjam 18 bl 15 18 A7 P} i 15 164
Sagastsinghpur & g 7 g u N 4 4 g0
Izjpan 15 if 21 19 il 15 ] 12 139
lharsiguda ] 10 g E| { 3 & 7 40
Eafammi i 7 5 2 b (] ] 7 50
Kandamal t 1 i & i 1 7 3 L7
Kandrapada B 10 12 11| 12 5 10 3 ]
Eepn[har 12 H 13 19 14 £ i 27 {57
Khordhia 13 i 1 1 10 12 16 iy 105
Korapit B 3 15 17 10 3 10 12 7
Mallanag!s 0 4 4 g 4 i 3 L 12
Mayurthian i P& B2 ih a1 4 35 a4 300
Nawrngolr 10 ‘3 9 12 12 19 19 16 107
Minazada ] H 3 2 4 8 8 5 37
Nuapadd b H i ] iz} ] 12 55
it 3 1 6 9 4 5 ] 1 47
Rayapaid i3 7 4 7 14 K [3 g o
Sambalpor 9 1 B 45 2 7 B 1 il
Subarmaple 5 ] i i 3 i 1 f 5
Eundargangh 12 H 2 3 13 Fil H 18 i57
To| 79 345 50 3B 305 185 3 338 1636,

5. Conclusions.

It iz important and periinent that the state of Odisha
must initiate further research in collaboration with
various academic organizations to develop betrer
understanding about the causes and the ways to
mirigate the risls related to hghtning. The way 1t
his buill more than five hundred eyelone shelters (o
save lives from tloods and cyclones, similarly the
state hag 1o invest more resources in devaloping a
cotnmon understanding about lightning and come
up with infrastructure to mitigate the risle The
technplogy in the recent era is an important enabler
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to reach out to people with early warning within
short period of time and especially in this situation
it helps the people who are at risk to move to safe
location tg save their lives. Besides, the state needs
1o keep the data in a very systematic manner, This
will help the researchers and scademicians fo
further research to help the state (o take appropriale
decizion to address the need of the people. This will
also help the state to itiate early waming Lo save
lives and livelihoods of the peopls, In uny
democratic state, people play an important role in
determining the policy provisions wnd when a latge
number of people arg affocted, no state can ignore
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this issue for ever. In this context, the recent
phenomenon of deaths and disabilities arising out of
lightning sirikes should be a wakes-up call for the
stite of Odishs (o do further research and come up
with progressive palicy provisions.
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