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Abstract: The reported lightning accidents that are available in the DesInventar database—which
consist of 549 deaths, 498 injured people, 39 destroyed houses, and 741 damaged houses—were
analyzed in terms of their geographical and temporal variation. The average lightning flash densities
were calculated using zonal statistics using the geographic information system (GIS), referring to the
respective raster maps generated based on Lightning Imaging Sensor (LIS) data from the Tropical
Rainfall Measurement Mission (TRMM) Satellite. Hence, the variations of the lightning accidents—
monthly and climate season-wise—in response to the lightning flash density were also reported.
The calculated average lightning flash density in Sri Lanka is 8.26 flashes km−2 year−1, and the
maximum average lightning flash density of 31.33 flashes km−2 year−1 is observed in April in a
calendar year. April seems to be more vulnerable to lightning accidents, as the maximum number of
deaths (150 deaths) and injuries (147 injuries) were recorded in this month. Most of the high-risk
lightning accident regions that were identified in Sri Lanka are well known for agricultural activities,
and those activities will eventually create the platform for lightning victims. In Sri Lanka, in a year,
12 people were killed and 11 people were injured, based on the reported accidents from 1974 to
2019. Conversely, a substantial increase in the number of deaths, injuries, and incidents of property
damage has been observed in the last two decades (2000–2019). On average, for the period from 2000
to 2019, 18 people were killed and 16 people were injured per year. Furthermore, considering the
population of the country, 0.56 people per million per year were killed, and 0.51 people per million
per year were injured due to lightning accidents based on the reported accidents from 1974 to 2019.
Moreover, for the 2000–2019 period, these estimated values are significantly higher; 0.86 people per
million per year were killed, and 0.77 people per million per year were injured.

Keywords: lightning; lightning accidents; lightning hazards; lightning risk; lightning safety; lightning
flash density; disaster management; disaster preparedness; disaster mitigation; DesInventar Database

1. Introduction

Lightning is an electrical discharge which is mostly due to an inter-cloud, intra-cloud,
or cloud to ground electrical imbalance. It is spectacular, but it is also dangerous. The
high values of current and relevant energy of a lightning flash are potent enough to kill
people and animals, and destroy property. There are about eight million lightning flashes a
day all over the world, and an infrequent 0.2–0.8 people per million per year are killed by
lightning in some geographical locations [1,2]. Furthermore, some of the people affected
by lightning accidents may experience a variety of injuries, including severe burns, cardiac
arrest, or other symptoms, which may last for a longer period.

A comprehensive study about regional lightning activities is an essential requirement
to mitigate the lightning hazards of a country by identifying the highly lightning-active
seasons and regions of that country. Detailed studies have been conducted concerning
the awareness and lightning safety of the community, and it is important to conduct
awareness programs, and to make people aware of lightning hazards and the safety
methods available for the public community [3,4]. Many countries collect lightning data
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by using lightning locating systems and satellites, etc., and these data are used to analyze
parametric information of lightning [5–7]. Moreover, lightning activities are not evenly
distributed worldwide, and about 70% occur in the tropics, mostly over the land [8].

The characteristics and distribution of lightning flashes over Sri Lanka have been
studied by researchers using the Lightning Imaging Sensor (LIS) data from Tropical Rain-
fall Measurement Mission (TRMM) of National Aeronautics and Space Administration
(NASA) [6,7,9–13]. Furthermore, as reported in [6], the lightning activities over Sri Lanka
are gradually increasing. Moreover, lightning activities and the respective lightning safety
levels have been analyzed over the places which are vulnerable to lightning incidents
in Sri Lanka [6,7]. The information reported by these studies is critical to enhance the
awareness of the lightning safety of the community, and to take appropriate actions to
mitigate lightning hazards effectively.

People living in developing countries in South Asia are vulnerable to lightning dam-
age, and—in the Sri Lankan context—it is one of the severe natural hazards which cause
impairments to property and people [14,15]. In general, antennas, wired network systems,
etc. create an easy path for lightning strikes, and some activities—such as swimming,
fishing, and walking in the open area during fatal lightning strikes—will increase the
tendency of being victims of lightning hazards.

Furthermore, Sri Lanka is experiencing several types of natural hazards, such as floods,
strong winds, drought, heavy rain, and lightning, etc. [15,16]. As has been reported in
previous studies, as a tropical country, hazards due to lightning have been identified as
one of the dominant natural hazards in Sri Lanka [6,7,10–12,14–16]. However, due to a lack
of detailed information on the distribution of lightning accidents in Sri Lanka, estimating
the lightning hazard levels and performing a risk assessment in Sri Lanka are at a primary
level. Many countries have already reported their lightning hazard information, such as
how many people get killed or injured in a year due to lightning, and related statistical
information [1,2]. However, in Sri Lanka, these estimations are yet to be reported, and
one of the objectives of this study is to obtain a thorough statistical overview of lightning
accidents in Sri Lanka. This paper reveals an analysis of lightning accidents in Sri Lanka
from 1974 to 2019, with special attention to the geographical and temporal distribution of
deaths, injuries, and property damage (residential houses) in Sri Lanka that occurred due
to lightning. Moreover, the study has been extended in order to analyze the variations of
lightning accidents monthly and climate season-wise, in response to the respective average
lightning flash density of Sri Lanka in each month. The regional characteristics of lightning
accidents in response to the respective average lightning flash density of each district were
also analyzed. The lightning flash data available from the Lightning Imaging Sensor (LIS)
on the Tropical Rainfall Measurement Mission (TRMM) of NASA were used to generate
the respective raster maps using geographic information systems (GIS), and the relevant
average lightning flash densities were calculated using zonal statistics.

2. Data Collection

The Disaster Management Centre (DMC) and the Department of Meteorology are
the two organizations which are responsible for documenting weather-related hazards,
deaths, and casualties in Sri Lanka. The database named the ‘Disaster Inventory System’
(DesInventar) is a database available from the Disaster Information Management System,
which is maintained by the Disaster Management Centre (DMC), which includes the
numerical details of the deaths, injuries, destroyed and damaged houses, and affected
people, etc. in Sri Lanka [16,17]. The Disaster Management Centre (DMC) collects all
of the information related to every disaster which occurs in Sri Lanka, such as animal
attacks, floods, strong winds, fire, drought, heavy rain, and lightning, etc. They collected
information about disasters from 1974 to 2006, with the aid of recorded information from
several state organizations and published newspapers, etc. The relevant information
after 2006 was collected using reported information with a certification of accuracy by
the relevant regional officers in the area. Furthermore, the data possession phenomenon
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in different sectors of state organizations has been established all over the country, with
diverse arrangements and formats. This detailed information was deposited into the
DisInventer database by the Disaster Management Centre (DMC) in Sri Lanka. For this
study, detailed information on lightning-related incidents from 1974 to 2019, which were
extracted from the aforementioned database, was used [16,17].

3. Data Analysis

The geographical and temporal distributions of lightning deaths, injuries, and houses
that were destroyed and damaged due to lightning activity were analyzed from 1974 to
2019 in Sri Lanka using ArcGIS 10.1 software.

Sri Lanka, an island in the Indian Ocean, consists of nine provinces; they are further
subdivided into 25 Administrative Districts (ADs), and each district is divided into several
subdivisions named ‘Divisional Administrative Secretaries’. Altogether, the country is
divided into 331 Divisional Secretariat Divisions (DSD). Figure 1 shows the geographical
distribution of the existing Provinces and Administrative Districts (ADs) in Sri Lanka.
The distribution of lightning accidents—such as lightning deaths, injuries, and damage to
property—was analyzed on the level of the existing districts in the county.
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Figure 1. Existing provinces and administrative districts (AD1–AD25) in Sri Lanka.

In a temporal distribution, the lightning accidents were analyzed annually and sea-
sonally. The results were used to identify the maximum and minimum regions and periods
which have recorded lightning accidents within the considered period in Sri Lanka.

4. Results

By analyzing the availability of 46-year data from 1974 to 2019, the geographical and
temporal distribution of the recorded lightning accidents in Sri Lanka are presented together
with their respective statistics. All of the administrative districts (ADs) are represented by
relevant numbers (from AD 1–AD 25), as stated in Figure 1.
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4.1. Temporal Distribution of the Lightning Accidents

Due to the location of the country as an island in the equatorial and tropical zones,
the Sri Lankan climate experiences vibrant variations during the 12 months in a year.
According to the rainfall profile of Sri Lanka, there are four climate seasons, which classified
as two monsoon seasons and two inter-monsoon seasons. The two monsoon seasons are
named SWM-southwest monsoon season (May–September) and NEM-northeast monsoon
season (December–February), whereas the two inter-monsoon seasons are distinguished
as FIM-first inter-monsoon season (March–April) and SIM-second inter-monsoon season
(October–November). Table 1 shows the recorded number of deaths, injuries, destroyed
houses, and damaged houses due to lightning activity in each AD during all four climate
seasons, from 1974 to 2019. Figure 2 shows the distribution of the deaths and injuries
due to lightning accidents in Sri Lanka during all four climate seasons, from 1974 to 2019.
Figure 3 shows the distribution of damaged houses and destroyed houses due to lightning
accidents in Sri Lanka during all four climate seasons, from 1974 to 2019. Stated below are
the important observations that were extracted by referring to Figures 2 and 3.

Table 1. Lightning accidents in the administrative districts of Sri Lanka for all four climate seasons, from 1974 to 2019.
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AD 1 Kandy 10 13 0 5 11 19 0 28 4 5 0 11 2 1 0 2
AD 2 Matale 4 7 0 2 2 1 0 1 1 0 0 0 0 0 0 0
AD 3 Nuwara Eliya 3 3 0 0 4 1 0 0 2 3 0 9 0 0 0 1
AD 4 Ampara 4 4 0 0 9 3 0 2 7 12 0 4 0 0 0 0
AD 5 Batticaloa 4 1 0 0 5 0 1 1 8 5 0 7 0 3 1 6
AD 6 Trincomalee 1 0 0 0 4 5 0 6 1 0 0 0 2 0 0 0
AD 7 Anuradhapura 8 1 0 15 15 16 0 1 7 0 0 0 1 2 0 0
AD 8 Polonnaruwa 15 64 0 0 19 3 4 0 3 5 3 2 3 3 0 1
AD 9 Jaffna 3 2 0 0 6 3 0 3 5 3 0 2 0 0 0 0
AD 10 Kilinochchi 1 0 0 0 5 13 1 4 1 0 0 0 1 0 0 0
AD 11 Mannar 1 2 0 2 0 0 1 2 0 1 0 0 0 0 0 0
AD 12 Mullaittivu 1 1 0 3 3 4 0 0 1 0 0 1 0 0 0 0
AD 13 Vavuniya 3 2 0 0 4 2 0 10 0 0 0 0 0 0 0 0
AD 14 Kurunegala 12 10 0 11 13 3 1 14 5 0 6 15 1 1 0 2
AD 15 Puttalam 11 4 0 6 2 2 0 6 12 12 0 22 1 0 1 3
AD 16 Kegalle 20 5 2 47 9 34 1 113 9 10 1 117 1 2 0 3
AD 17 Ratnapura 22 16 0 8 9 6 0 21 14 7 1 6 2 7 0 1
AD 18 Galle 12 13 0 7 4 21 0 14 5 0 0 6 6 2 0 1
AD 19 Hambantota 6 3 1 5 5 2 0 12 5 3 1 10 0 0 0 0
AD 20 Matara 13 0 0 2 0 4 0 6 2 3 0 6 2 12 0 0
AD 21 Badulla 10 6 1 25 7 3 1 5 6 13 0 6 2 4 0 1
AD 22 Moneragala 15 7 0 7 16 5 0 5 2 7 0 10 2 1 0 0
AD 23 Colombo 2 3 0 2 5 2 1 3 3 0 3 2 8 1 0 0
AD 24 Gampaha 10 16 0 7 13 1 1 16 5 1 0 10 3 2 0 0
AD 25 Kalutara 13 13 2 5 13 12 2 2 7 1 2 37 10 5 0 3

Total 204 196 6 159 183 165 14 275 115 91 17 283 47 46 2 24
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During the first inter-monsoon season, from 1974 to 2019, there were 22 deaths;
20 deaths were recorded in AD 17 and AD 16, respectively, and the maximum number
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of lightning injuries was recorded in AD 8, with a maximum record of 64 injuries. The
maximum number of both destroyed and damaged houses due to lightning was recorded
in AD 16 during this season.

Moreover, in AD 3, AD 4, AD 5, AD 6, AD 8, AD 9, AD 10, and AD 13, there were no
recorded incidents regarding destroyed and damaged houses due to lightning activities in
the first inter-monsoon season during the considered period. In the southwest monsoon
season, from 1974 to 2019, the maximum number of deaths—19 deaths—was recorded in
AD 8, and the second maximum of 16 deaths due to lightning accidents was recorded in
AD 22. There were no deaths recorded in AD 11 and AD 20 for this season. Furthermore,
the maximum and second maximum of 34 and 21 injuries due to lightning accidents were
recorded in AD 16 and AD 18, respectively, and there were no injuries recorded in AD 11
and AD 5 in the southwest monsoon season during the considered period. There were
113 houses damaged in AD 16, and four destroyed houses were recorded in AD 8 during
the southwest monsoon season from 1974 to 2019, whereas, in both AD 3 and AD 12, there
were no recorded events of destroyed and damaged houses.

During the second inter-monsoon season, from 1974 to 2019, 14 deaths and 12 deaths
were recorded in AD 17 and AD 15, respectively, and the maximum number of lightning
injuries was recorded in AD 21, with a maximum record of 13 injuries followed by 12 in-
juries in AD 4 and AD15. The maximum number of damaged and destroyed houses due to
lightning accidents in this season was recorded in AD 16 and AD 14, with 117 damaged
houses and 6 destroyed houses, respectively. Moreover, AD 2, AD 6, AD 7, AD 10, AD 11,
and AD 13 had no recorded incidents regarding destroyed and damaged houses due to
lightning accidents. A maximum number of 10 deaths, and a second maximum of eight
deaths were recorded in AD 25 and AD 23, respectively, during the northeast monsoon
season, with a maximum record of 12 injuries recorded in AD 20. The maximum number
of six damaged houses due to lightning accidents was recorded in AD 5 in this season.
Meanwhile, only two administrative districts (AD 5 and AD 15) recorded destroyed houses
in this season. In AD 2, AD 4, AD 9, AD 11, AD 12, AD 13, and AD 19, there were no
recorded incidents regarding lightning accidents for people or houses in the northeast
monsoon season during the considered period.

4.2. Monthly Variation of Lightning Accidents

Previous studies have shown that, in Sri Lanka, the maximum number of lightning
activities occur in April, followed by the months of March, May, September, and October,
which have more accidents than the other months in the year [7,10–12]. Table 2 shows
the monthly variation of the number of deaths, injuries, destroyed houses, and damaged
houses due to lightning accidents in Sri Lanka from 1974 to 2019.

Table 2. Monthly variations of lightning accidents in Sri Lanka, from 1974 to 2019.

Month Number of Deaths Number of Injuries Number of Houses
Destroyed Damaged

No. % No. % No. % No. %

January 14 2.6 3 0.6 0 0.0 2 0.3
February 14 2.6 32 6.4 0 0.0 11 1.5

March 54 9.8 49 9.8 2 5.1 14 1.9
April 150 27.3 147 29.5 4 10.3 145 19.6
May 91 16.6 96 19.3 10 25.6 151 20.4
June 22 4.0 12 2.4 1 2.6 26 3.5
July 16 2.9 15 3.0 1 2.6 11 1.5

August 18 3.3 16 3.2 0 0.0 24 3.2
September 36 6.6 26 5.2 2 5.1 63 8.5

October 62 11.3 51 10.2 8 20.5 150 20.2
November 53 9.7 40 8.0 9 23.1 133 17.9
December 19 3.5 11 2.2 2 5.1 11 1.5

Total 549 100 498 100 39 100 741 100
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Figure 4 illustrates a graphical overview of the monthly variation of the information
tabulated 180 in Table 2.
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4.3. Geographical Distribution of Lightning Accidents

Table 3 shows the total number of lightning accidents in all 25 administrative districts
(ADs) in Sri Lanka, from 1974 to 2019, whereas Figure 5 shows the total number of lightning
accidents by their percentage variation for all 25 ADs for the same period.

Table 3. Recorded number of lightning accidents in each administrative district, from 1974 to 2019.

District
Number District

Number of
Deaths

Number of
Injuries

Number of Houses
Destroyed Damaged

No. % No. % No. % No. %

AD 1 Kandy 27 4.9 38 7.6 0 0.0 46 6.2
AD 2 Matale 7 1.3 8 1.6 0 0.0 3 0.4
AD 3 Nuwara Eliya 9 1.6 7 1.4 7 17.9 10 1.3
AD 4 Ampara 20 3.6 19 3.8 0 0.0 6 0.8
AD 5 Batticaloa 17 3.1 9 1.8 2 5.1 14 1.9
AD 6 Trincomalee 8 1.5 5 1.0 0 0.0 6 0.8
AD 7 Anuradhapura 31 5.6 19 3.8 0 0.0 16 2.2
AD 8 Polonnaruwa 40 7.3 75 15.1 0 0.0 3 0.4
AD 9 Jaffna 14 2.6 8 1.6 0 0.0 5 0.7

AD 10 Kilinochchi 8 1.5 13 2.6 1 2.6 4 0.5
AD 11 Mannar 1 0.2 3 0.6 1 2.6 4 0.5
AD 12 Mullaittivu 5 0.9 5 1.0 0 0.0 4 0.5
AD 13 Vavuniya 7 1.3 4 0.8 0 0.0 10 1.3
AD 14 Kurunegala 31 5.6 14 2.8 7 17.9 42 5.7
AD 15 Puttalam 26 4.7 18 3.6 1 2.6 37 5.0
AD 16 Kegalle 39 7.1 51 10.2 4 10.3 280 37.8
AD 17 Ratnapura 47 8.6 36 7.2 1 2.6 36 4.9
AD 18 Galle 27 4.9 36 7.2 0 0.0 28 3.8
AD 19 Hambantota 16 2.9 8 1.6 2 5.1 27 3.6
AD 20 Matara 17 3.1 19 3.8 0 0.0 14 1.9
AD 21 Badulla 25 4.6 26 5.2 2 5.1 37 5.0
AD 22 Moneragala 35 6.4 20 4.0 0 0.0 22 3.0
AD 23 Colombo 18 3.3 6 1.2 4 10.3 7 0.9
AD 24 Gampaha 31 5.6 20 4.0 1 2.6 33 4.5
AD 25 Kalutara 43 7.8 31 6.2 6 15.4 47 6.3
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As indicated in Table 3 and Figure 5, 47 deaths was recorded in the Ratnapura district
(AD 17) and 43 deaths was recorded in the Kalutara district (AD 25), i.e., 8.6% and 7.8%
respectively from the overall point of view. During the period from 1974 to 2019, only
one death happened in the Mannar district (AD 11). Furthermore, within the considered
period, the maximum and second maximum of the injuries due to lightning accidents were
recorded in the Polonnaruwa district (AD 8) and Kegalle district (AD 16), i.e., 15.1% and
10.2% respectively. There were two administrative districts (AD 11 and AD 13) with a
minimum number of lightning injuries during the period from 1974 to 2019, with less than
1% in each district. There were 280 houses (37.8%) damaged due to lightning accidents in
the Kegalle district (AD 16), and the minimum number of houses (three) damaged due to
lightning accidents was recorded in the Polonnaruwa district (AD 8) and the Matale district
(AD 2). Moreover, the maximum number of destroyed houses (seven) due to lightning
accidents was recorded in the Nuwara Eliya (AD 3) and Kurunegala (AD 14) districts.
Although some damaged houses were recorded due to lightning activity in almost all
of the administrative districts, there were no destroyed houses recorded in twelve of the
Administrative Districts (AD 1, AD 2, AD 4, AD 6, AD 7, AD 8, AD 9, AD 12, AD 13, AD
18, AD 20, and AD 22).

4.4. Statistical Analysis of the Lightning Accidents

In order to present a general overview of the lightning accidents recorded in Sri Lanka
from 1974 to 2019, a comprehensive statistical analysis was carried out. Tables 4 and 5
show the respective statistics of the monthly variation of lightning accidents—covering
deaths, injuries, and property damage—calculated from the recorded incidents in Sri Lanka
from 1974 to 2019 whereas Tables A1 and A2 show the respective statistics at the district
level. As indicated in Table 4, the maximum number of deaths was recorded in April,
with an average of 3.26 deaths, followed by 1.98 deaths in May, whereas in January and
February it was 0.30 deaths, which are the lowest. As per the information stated in Table 4,
in general, there could be at least one death due to lightning accidents in March, April,
May, October, and November. Moreover, a maximum number of injuries was recorded in
April, with an average of 3.20 injuries, followed by 2.09 injuries in May; in January, there
were 0.07 injuries at the lowest. Furthermore, it can be stated that there was at least one
injury due to lightning accidents in March, April, May, and October.
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Table 4. Statistics of the monthly variations of deaths and injuries in Sri Lanka due to lightning, from 1974 to 2019.

Month
Number of Deaths Number of Injuries

Average Maximum Minimum Standard
Deviation Average Maximum Minimum Standard

Deviation

January 0.30 2 0 0.66 0.07 2 0 0.33
February 0.30 4 0 0.84 0.70 16 0 2.93

March 1.17 8 0 1.90 1.07 13 0 2.64
April 3.26 29 0 4.83 3.20 61 0 9.31
May 1.98 10 0 2.34 2.09 17 0 4.03
June 0.48 4 0 0.98 0.26 2 0 0.61
July 0.35 5 0 0.90 0.33 10 0 1.49

August 0.39 3 0 0.83 0.35 6 0 1.20
September 0.78 7 0 1.49 0.57 11 0 1.73

October 1.35 16 0 2.72 1.11 13 0 2.71
November 1.15 10 0 1.89 0.87 11 0 2.17
December 0.41 4 0 0.88 0.24 3 0 0.79

Table 5. Statistics of the monthly variations of property damage in Sri Lanka due to lightning, from 1974 to 2019.

Number of Houses Destroyed Number of Houses Damaged

Average Maximum Minimum Standard
Deviation Average Maximum Minimum Standard

Deviation

January 0.00 0 0 0.00 0.04 1 0 0.21
February 0.00 0 0 0.00 0.24 8 0 1.20

March 0.04 1 0 0.21 0.30 4 0 0.81
April 0.09 2 0 0.35 3.15 38 0 8.00
May 0.22 5 0 0.81 3.28 84 0 12.82
June 0.02 1 0 0.15 0.57 12 0 2.20
July 0.02 1 0 0.15 0.24 5 0 0.82

August 0.00 0 0 0.00 0.52 14 0 2.23
September 0.04 1 0 0.21 1.37 29 0 4.95

October 0.17 5 0 0.77 3.26 83 0 0
November 0.20 3 0 0.58 2.89 64 0 10.20
December 0.04 2 0 0.29 0.24 6 0 0.97

As indicated in Table 5, throughout the study period, the average number of destroyed
houses in any month is insignificant, with a maximum calculated value of 0.22, whereas
the average number of damaged houses is approximately three damaged in April, May,
October, and November. The calculated statistical overview of the recorded lightning
accidents in terms of annual variation is shown in Table 6. Accordingly, for the study
period from 1974 to 2019 (46 years), the average number of deaths and injuries in a year
could be reported as 11.93 (maximum = 68, minimum = 0, and standard deviation = 11.28)
and 10.83 (maximum = 67, minimum = 0, and standard deviation = 12.22), respectively.
However, the average number of deaths in a year from 2019, for the last 40 years, 30 years,
20 years, and 10 years, could be reported as 12.90, 15.73, 18.40, and 23.20, respectively,
whereas the average number of injuries could be reported as 11.53, 13.57, 16.50, and 18.00.
Furthermore, the average number of destroyed houses due to lightning in a year for
the study period from 1974 to 2019 is 0.85 (maximum = 6, minimum = 0, and standard
deviation = 1.62) whereas the average number of damaged houses is 16.11 (maximum = 245,
minimum = 0, and standard deviation = 46.00).
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Table 6. Statistical overview of the lightning accidents reported in Sri Lanka, from 1974 to 2019.

Range Statistics
Nature of Accidents

Number of Deaths Number of Injuries Number of Houses Destroyed Number of Houses Damaged

1974–2019
(46 years)

Mean 11.93 10.83 0.85 16.11
Maximum 68 67 6 245
Minimum 0 0 0 0

Standard Deviation 11.28 12.22 1.62 46.00

1980–2019
(40 years)

Mean 12.90 11.53 0.98 18.50
Maximum 68 67 6 245
Minimum 0 0 0 0

Standard Deviation 11.73 12.78 1.70 48.96

1990–2019
(30 years)

Mean 15.73 13.57 1.27 23.83
Maximum 68 67 6 245
Minimum 2 0 0 0

Standard Deviation 12.25 13.76 1.87 55.67

2000–2019
(20 years)

Mean 18.40 16.50 1.90 35.30
Maximum 68 67 6 245
Minimum 5 0 0 0

Standard Deviation 13.22 15.27 2.02 65.67

2010–2019
(10 years)

Mean 23.20 18.00 2.00 57.30
Maximum 68 36 6 245
Minimum 9 7 0 0

Standard Deviation 16.33 10.07 2.21 88.43

As reported in [18], the population of Sri Lanka was 20.36 million in 2012, and with the
reported population growth rate of 0.7%, the population of Sri Lanka would be 21.38 million
by 2019. Therefore, by considering the average number of deaths reported in this study
during the period from 1974 to 2019, in Sri Lanka, 0.56 people per million per year were
killed by lightning, whereas 0.51 people per million per year were injured. However, by
considering the reported accidents from 2000 to 2019, 0.86 people per million per year were
killed, and 0.77 people per million per year were injured, which is a significant increase.

Table 7 shows the seasonal variations of the lightning accidents in Sri Lanka that
occurred, covering all four climate seasons from 1974 to 2019, whereas Figure 6 illustrates
the graphical overview of the same, as generated by referring to Table 1. According to
previous studies, the seasonal variation of the lightning activities shows that the maximum
lightning activities happen in the first inter-monsoon season, followed to a greater extent
by the second inter-monsoon season than the other two seasons [7,10–12]. The variation
pattern observed in this study for the lightning accidents in Sri Lanka, as shown in Table 7
and Figure 6, is also overlaid with the aforementioned seasonal variation pattern of the
lightning activities. The calculated statistics of the seasonal variations of lightning accidents
in Sri Lanka, from 1974 to 2019, are tabulated in Table 8.

Table 7. Seasonal variations of lightning accidents in Sri Lanka, from 1974 to 2019.

Number of
Deaths

Number of
Injuries

Number of Houses
Destroyed Damaged

No. % No. % No. % No. %

FIM 204 37.2 196 39.4 6 15.4 159 21.5
SWM 183 33.3 165 33.1 14 35.9 275 37.1
SIM 115 20.9 91 18.3 17 43.6 283 38.2

NEM 47 8.6 46 9.2 2 5.1 24 3.2
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Table 8. Statistics of the seasonal variations of lightning accidents in Sri Lanka, from 1974 to 2019.

Deaths Injured Houses
Destroyed

Houses
Damaged Deaths Injured Houses

Destroyed
Houses

Damaged

Mean 2.22 2.13 0.07 1.73

FIM

0.80 0.72 0.06 1.20

SWM
Maximum 29 61 2 38 10 17 5 84
Minimum 0 0 0 0 0 0 0 0
Standard Deviation 3.80 6.89 0.29 5.83 1.54 2.25 0.39 6.36

Mean 1.25 0.99 0.18 3.08

SIM

0.44 0.56 0.01 0.25

NEM
Maximum 16 13 5 83 14 32 2 11
Minimum 0 0 0 0 0 0 0 0
Standard Deviation 2.33 2.44 0.68 11.56 1.40 3.21 0.17 1.28

The maximum number of deaths (204 deaths; average = 2.22, maximum = 29, mini-
mum = 0, and standard deviation = 3.80) and injuries (196 injured people; average = 2.13,
maximum = 61, minimum = 0, and standard deviation = 6.89) was recorded in the first
inter-monsoon season during the considered period, with 37.2% deaths and 39.4% injured
people from the overall point of view. The second maximum of the deaths (33.3%) and
injuries (33.1%) was recorded in the southwest monsoon season. However, the maximum
number of destroyed houses (17 houses; average = 0.18, maximum = 5, minimum = 0, and
standard deviation = 0.68) and damaged houses (283 houses; average = 3.08, maximum = 83,
minimum = 0, and standard deviation = 11.56) was recorded in the second inter-monsoon
season, with 43.6% and 38.2%, respectively, from the overall point of view.

Noticeably, the minimum number of deaths (47 deaths; average = 0.44, maximum = 14,
minimum = 0, and standard deviation = 31.40), injuries (46 injured people; average = 0.56,
maximum = 32, minimum = 0, and standard deviation = 3.21), destroyed houses (2 houses;
average = 0.01, maximum = 2, minimum = 0, and standard deviation = 0.17), and damaged
houses (24 houses; average = 0.25, maximum = 11, minimum = 0, and standard deviation = 1.28)
due to lightning accidents occurred in the northeast monsoon season, with 8.6%, 9.2%, 5.1%,
and 3.2%, respectively, within the considered period.

Figure 7 shows the annual variation of the lightning accidents in Sri Lanka, from 1974
to 2019. According to Figure 7, the maximum number of 68 people died due to lightning
accidents in 2012, and the maximum number of 67 people were injured due to lightning
accidents in 2008. A maximum of six houses were destroyed due to lightning activity in
2016 and 2018. Furthermore, a maximum of 245 houses were damaged due to lightning
activity in 2019, and the second maximum of 199 damaged houses was recorded in 2018
within the considered period.
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Figure 8 shows the cumulative number of lightning accidents reported in Sri Lanka,
from 1974 to 2019. As can be seen in Figure 8, other than the destroyed number of houses,
the numbers of deaths, injuries, and damaged houses have shown an incremental trend,
moving towards 2019 from 1974. Moreover, according to Figure 8, it can be observed that
the reported accidents during the last 20 years (2000–2019) are significantly higher than
those reported from 1974 to 1999 (26 years). Accordingly, as indicated in Figure 9, for the
study period considered—from 1974 to 2019—67.03% of the deaths, 66.27% of the injuries,
97.44% of the destroyed houses, and 95.28% of the damaged houses were reported during
the last 20 years (from 2000 to 2019).
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With regard to the reported lightning accidents, there was a significant increase in the
number of deaths, injuries, and property damage in the last two decades. This could be due
to the population growth of Sri Lanka during the last few decades, and urbanization. On
the other hand, even though there were no incidents recorded on the number of destroyed
houses in most of the years in the past, few incidents were recorded in recent years that
caused houses to be destroyed. As the population grows, unused landmasses in the country
are dwindling at a rapid rate due to the demand for cultivation or housing projects. This
could have been a possible reason for such an increase in lightning accidents. However,
it is important to mention that the population growth rate has been on a decline since
1974 [18]. Therefore, further investigations are recommended in this regard. Tall buildings
and metal structures could be the more dominant constructions at present than in the
past, due to urbanization. Furthermore, the usage of sensitive household electrical and
electronic devices has increased rapidly with urbanization during the last few decades
in the country. Therefore, the tendency of lightning accidents happening to household
equipment could have also been increased. Moreover, without having properly coordinated
lightning protection systems, they may be vulnerable lightning accidents from a direct
lightning hit, a side flash, and a step potential rise, or due to a high induced voltage on the
relevant low-voltage transmission lines.

5. Discussion

This study was oriented towards the analysis of the distribution of lightning accidents
in Sri Lanka, covering the period of 1974 to 2019. There were 549 deaths, 498 injured people,
39 destroyed houses, and 741 damaged houses recorded in total during the aforementioned
46-year period due to the lightning activities over the land area covered by the island. The
aforementioned results of lightning accidents over Sri Lanka are vital to the identification
of the high-risk periods in a calendar year, as well as hotspots, by using a spatiotemporal
variation of lightning accidents over Sri Lanka.

Figure 10 shows the spatial annual variation of the lightning flash density in Sri
Lanka generated using GIS, and the recorded number of total lightning accidents in the
percentage-wise distribution in the Districts and Provinces for the period from 1974 to
2019. The lightning flash data which was collected by the Lightning Imaging Sensor (LIS)
on the Tropical Rainfall Measurement Mission (TRMM) of NASA, from 1998 to 2014, and
were used to calculate the lightning flash density (flashes km-2 year−1) over Sri Lanka
and the surrounding coastal belt, in a similar way to that used in previously reported
studies [6,7,10,12]. The lightning flash density was presented by the respective 0.20 × 0.20

latitude and longitude grids. This shows a direct relationship between the lightning
flash density and the recorded number of lightning accidents over Sri Lanka. As can be
observed in Figure 10a,b, ADs with higher lightning flash densities are highly vulnerable to
lightning hazards, whilst the provincial-wise view also shows the same trend, as illustrated
in Figure 10c,d. Furthermore, according to Figure 10, the administrative districts and
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provinces with lower lightning flash densities are also show relatively low numbers of
lightning accidents. There was a maximum of 15.7% deaths, 18.9% injuries, 28.2% destroyed
houses, and 42.6% damaged houses recorded in the Sabaragamuwa, Northwest, Western,
and Sabaragamuwa provinces, respectively.
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Similarly, Figure 11 shows the spatial variation of the lightning flash density in Sri
Lanka, and the recorded number of total lightning accidents in the percentage-wise distri-
bution for all four climate seasons. Even though a higher lightning flash density dominated
in the first inter-monsoon season, together with a significant record of lightning accidents
compared to the other three climate seasons, lightning accidents were recorded throughout
the country in all four climate seasons. Figure 12 shows the spatial variation of the lightning
flash density in Sri Lanka, and the recorded number of total deaths and injuries in the
percentage-wise distribution during all 12 months, whereas Figure 13 shows the spatial vari-
ation of the lightning flash density in Sri Lanka and the recorded number of damaged prop-
erties. The statistical details of the lightning flash density in Sri Lanka—extracted from the
aforementioned raster maps using zonal statistics—are tabulated in Appendix A: Table A3,
Table A4, Table A5, and Table A6. As stated in Table A3, the annual average lightning
flash density of Sri Lanka is 8.26 flashes km−2 year−1 (maximum = 28.05, minimum = 0.84,
and standard deviation = 3.88). As stated in Table A4, the highest lightning flash density
of Sri Lanka is in April (average = 31.33 flashes km−2 year−1, maximum = 146.76, mini-
mum = 0.02, and standard deviation = 23.31), whereas January recorded the minimum
(average = 2.00 flashes km−2 year−1, maximum = 22.78, minimum = 0.00, and standard
deviation = 3.84). As stated in Table A5, with regards to the climate seasons, the high-
est lightning flash density of Sri Lanka was reported in the first inter-monsoon season
(average = 22.25 flashes km-2 year-1, maximum = 85.88, minimum = 0.79, and standard de-
viation = 15.09). Moreover, as stated in Table A6, the Kegalle district recorded the highest
lightning flash density (average = 17.27 flashes km−2 year−1, maximum = 27.19, mini-
mum = 7.53, and standard deviation = 3.39), whereas the Jaffna district recorded the lowest
(average = 1.87 flashes km−2 year−1, maximum = 3.01, minimum = 0.84, and standard
deviation = 0.45). The variations of the average lightning flash densities in terms of months,
districts, and seasons are shown in Figure 4, Figure 5, and Figure 7, respectively, together
with all of the recorded lightning accidents.



ISPRS Int. J. Geo-Inf. 2021, 10, 117 15 of 22

Figure 14a–d shows the district-wise percentage variation of the total lightning ac-
cidents reported in Sri Lanka from 1974 to 2019. It is a visual interpretation of the data
summarized in Table 3. The administrative districts (ADs) in the western and southwestern
regions in the country were more prone to lightning accidents than the ADs in the north
and northeastern regions during the considered period.

There could be many other reasons which impact the aforementioned lightning acci-
dents in addition to the influence caused by climate seasons and the respective regional
variations of the lightning flash density, together with the geographical location. In a recent
study, it was reported that there is an increasing trend of lightning activity in Sri Lanka, with
24 lightning flashes more every year, with an increase of flash density; 0.093 flashes km−2

per year [6].
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It is a well-known fact that human activities in the open field are vulnerable to
lightning accidents during a thunderstorm. On the other hand, paddy cultivation plays
a dominant role in the crop cultivation of Sri Lanka. The two major paddy cultivation
seasons are the Maha season and Yala Season. In general, the Yala season overlaps the
first inter-monsoon and southwest monsoon rains. The Maha season commences with
the beginning of the second inter-monsoon rains. According to this study, there is a high
tendency of lightning accidents occurring in highly lightning-active periods, such as the
first and second inter-monsoon seasons. Most of the administrative districts that were
identified as the dominant lightning accident regions during the aforementioned two
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inter-monsoon seasons are the well-known prominent districts that perform the paddy
cultivation of the country. Therefore, agricultural activities in rural areas may act as a
dominant medium for lightning victims, which mostly could be due to either negligence of
avoiding lightning accidents in the field, or not following proper outdoor safety guidelines.
Therefore, farmers who are engaging in paddy cultivation in the aforementioned districts
should completely avoid field activities during a thunderstorm.
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Moreover, the community should avoid outdoor activities during the thunderstorm
season as much as possible, and they should fix their attention on mitigating lightning
accidents. Continuous lightning awareness programs, together with possible mitigation
techniques and safety guidelines, should be held in all of the identified districts, and with the
relevant stakeholders. Structural and human protection techniques and systems, lightning
protection in low voltage power systems, insulation coordination, and effective grounding
systems should be the main objectives of the lightning safety awareness programs. As a
long-term strategy, it is recommended that these programs could be incorporated into the
school curriculum. Moreover, as an effective way of utilizing the findings of this study
as practical measurements to make inhabitants safe, it is recommended to incorporate
these findings for the aforementioned lightning safety awareness programs, and to add
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the same into the school curriculum in an appropriate manner. The Disaster Management
Centre (DMC) and the Department of Meteorology of Sri Lanka can play an active role
in this regard. On the other hand, a considerable number of awareness programs for
students and lightning protection workshops for other stakeholders have been conducted in
different regions in the country in the past [14]. Furthermore, it is highly recommended to
increase public awareness about the importance of adopting the recently-updated lightning
protection standards issued by the International Electrotechnical Commission (IEC) during
the implementation of new construction projects to mitigate lightning hazards [19,20]. These
standards are entwined with different disciplines, such as general principles of lightning
activities, risk management, physical damages to structures and life hazards, and the
protection of electronic systems from lightning. Moreover, the implemented thunderstorm
warning systems based on IEC standards can be recognized as one of the crucial solutions
to mitigate unexpected lightning accidents all over the country [21]. Moreover, the findings
of this study may be useful for carrying out further investigations to distinguish physical
damage (fire, explosion, mechanical damage, etc.) and the damage to electrical and electronic
systems within a structure due to the lightning electromagnetic pulse (LEMP). In order
to identify the lightning-active periods and areas which are more vulnerable to lightning
accidents, studies should be extended to investigate additional effective precautions to
mitigate lightning accidents. However, it is a must that the public should regularly practice
ordinary safety guidelines to mitigate lightning hazards.

ISPRS Int. J. Geo-Inf. 2020, 9, x FOR PEER REVIEW 19 of 25 
 

 

 
Figure 14. Distribution of the lightning accidents in the administrative districts of Sri Lanka, from 1974 to 2019: (a) deaths 
due to lightning strikes, (b) injuries due to lightning strikes, (c) destroyed houses due to lightning strikes, and (d) damaged 
houses due to lightning strikes.  

It is a well-known fact that human activities in the open field are vulnerable to light-
ning accidents during a thunderstorm. On the other hand, paddy cultivation plays a dom-
inant role in the crop cultivation of Sri Lanka. The two major paddy cultivation seasons 
are the Maha season and Yala Season. In general, the Yala season overlaps the first inter-
monsoon and southwest monsoon rains. The Maha season commences with the beginning 
of the second inter-monsoon rains. According to this study, there is a high tendency of 
lightning accidents occurring in highly lightning-active periods, such as the first and sec-
ond inter-monsoon seasons. Most of the administrative districts that were identified as 
the dominant lightning accident regions during the aforementioned two inter-monsoon 
seasons are the well-known prominent districts that perform the paddy cultivation of the 
country. Therefore, agricultural activities in rural areas may act as a dominant medium 
for lightning victims, which mostly could be due to either negligence of avoiding lightning 
accidents in the field, or not following proper outdoor safety guidelines. Therefore, farm-
ers who are engaging in paddy cultivation in the aforementioned districts should com-
pletely avoid field activities during a thunderstorm. 

Moreover, the community should avoid outdoor activities during the thunderstorm 
season as much as possible, and they should fix their attention on mitigating lightning 
accidents. Continuous lightning awareness programs, together with possible mitigation 
techniques and safety guidelines, should be held in all of the identified districts, and with 
the relevant stakeholders. Structural and human protection techniques and systems, light-
ning protection in low voltage power systems, insulation coordination, and effective 
grounding systems should be the main objectives of the lightning safety awareness pro-
grams. As a long-term strategy, it is recommended that these programs could be incorpo-
rated into the school curriculum. Moreover, as an effective way of utilizing the findings 
of this study as practical measurements to make inhabitants safe, it is recommended to 
incorporate these findings for the aforementioned lightning safety awareness programs, 
and to add the same into the school curriculum in an appropriate manner. The Disaster 
Management Centre (DMC) and the Department of Meteorology of Sri Lanka can play an 
active role in this regard. On the other hand, a considerable number of awareness pro-
grams for students and lightning protection workshops for other stakeholders have been 
conducted in different regions in the country in the past [14]. Furthermore, it is highly 
recommended to increase public awareness about the importance of adopting the re-

Figure 14. Distribution of the lightning accidents in the administrative districts of Sri Lanka, from 1974 to 2019: (a) deaths
due to lightning strikes, (b) injuries due to lightning strikes, (c) destroyed houses due to lightning strikes, and (d) damaged
houses due to lightning strikes.

6. Conclusions

This paper reports a study carried out on the recorded number of lightning accidents
during the period from 1974 to 2019, which includes 549 deaths, 498 injured people,
39 destroyed houses, and 741 damaged houses. According to the geographical distribution
of the lightning accidents, during the period from 1974 to 2019, the maximum number of
47 deaths was recorded in the Ratnapura district (AD 17), and 43 deaths were recorded
in the Kalutara district (AD 25), with 8.6% and 7.8%, respectively, from the overall point
of view, and just one death recorded in the Mannar district (AD 11), which was the
minimum. Furthermore, the maximum number of 75 injuries due to lightning accidents
was recorded in the Polonnaruwa district (AD 8), followed by 51 injuries in the Kegalle
district (AD 16), with 15.1% and 10.2%, respectively. The maximum number of damages
for houses (280 houses) happened in the Kegalle district (AD 16), with 37.8% during the
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considered period. According to the temporal variation of the lightning accidents, the
maximum number of deaths (204 deaths) and injuries (196 injuries) was recorded in the
first inter-monsoon season, and the minimum number of deaths (47 deaths) and injuries
(46 injuries) was recorded in the northeast monsoon season during the period from 1974 to
2019. The maximum number of destroyed (17 houses) and damaged (283 houses) houses
was recorded in the second inter-monsoon season. Furthermore, the maximum number of
deaths (150 deaths) and injuries (147 injuries) due to lightning accidents was recorded in
April. On the other hand, the maximum number of destroyed (10 houses) and damaged
(151 houses) houses due to lightning activities was recorded in May. Moreover, as per the
recorded data, the maximum number of 68 people died due to lightning accidents in 2012,
and the maximum number of 67 people were injured in 2008. It was also observed that
there is a relationship between the lightning flash density and the recorded number of
lightning accidents over Sri Lanka, and higher lightning flash density in a particular area
tends to lead to higher lightning hazards.

Most of the areas that were identified as high-risk lightning accident regions are well
known for agricultural activities, and those activities will eventually create the platform
for lightning victims. Therefore, it is recommended that people should completely avoid
field activities during a thunderstorm as much as possible, or they should regularly follow
the lightning safety guidelines. Nevertheless, further studies are recommended in order to
investigate additional effective precautions to mitigate lightning accidents.

The results show that, on average, 11.93 people are killed and 10.83 people are injured
in a year for the study period from 1974 to 2019. However, based on the reported accidents
only for the period from 2000 to 2019, 18.40 people are killed and 16.50 people are injured
per year. Furthermore, for the study period from 1974 to 2019, the average numbers of
destroyed houses and damaged houses in a year were 0.85 and 16.11, respectively, whereas
for the period from 2000 to 2019, these numbers increased to 1.90 and 35.30, respectively.
For the study period considered from 1974 to 2019, according to the reported lighting
accidents, there was a significant increase in the number of deaths, injuries, and property
damage in the last two decades (2000–2019), and for said period, 67.03% of deaths, 66.27%
of injuries, 97.44% of destroyed houses, and 95.28% of damaged houses were reported.

According to the results of this study, it can be concluded that, for the period from
1974 to 2019 (46 years), in Sri Lanka, 0.56 people per million per year are killed, and
0.51 people per million per year are injured due to lightning. Nevertheless, as per the
reported accidents from 2000 to 2019 (20 years), these estimated values are significantly
higher: 0.86 people per million per year were killed, and 0.77 people per million per year
were injured for this period.
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Appendix A

Table A1. Statistical variations of the deaths and injuries in each administrative district of Sri Lanka due to lightning, from
1974 to 2019.

District
Number District

Number of Deaths Number of Injuries

Average Maximum Minimum Standard
Deviation Average Maximum Minimum Standard

Deviation

AD 1 Kandy 0.59 5 0 1.27 0.83 10 0 2.10
AD 2 Matale 0.15 3 0 0.60 0.17 6 0 0.93
AD 3 Nuwara Eliya 0.20 3 0 0.54 0.15 3 0 0.63
AD 4 Ampara 0.43 4 0 0.86 0.41 7 0 1.33
AD 5 Batticaloa 0.37 4 0 1.00 0.20 4 0 0.72
AD 6 Trincomalee 0.17 2 0 0.49 0.11 2 0 0.43
AD 7 Anuradhapura 0.67 6 0 1.37 0.41 6 0 1.29
AD 8 Polonnaruwa 0.87 5 0 1.51 1.63 62 0 9.15
AD 9 Jaffna 0.30 3 0 0.76 0.17 4 0 0.68
AD 10 Kilinochchi 0.17 2 0 0.49 0.28 11 0 1.64
AD 11 Mannar 0.02 1 0 0.15 0.07 2 0 0.33
AD 12 Mullaittivu 0.11 2 0 0.38 0.11 2 0 0.43
AD 13 Vavuniya 0.15 3 0 0.56 0.09 2 0 0.41
AD 14 Kurunegala 0.67 8 0 1.43 0.30 6 0 1.03
AD 15 Puttalam 0.57 5 0 1.11 0.39 5 0 1.02
AD 16 Kegalle 0.85 8 0 1.40 1.11 17 0 2.95
AD 17 Ratnapura 1.02 6 0 1.63 0.78 7 0 1.80
AD 18 Galle 0.59 4 0 1.05 0.78 17 0 2.76
AD 19 Hambantota 0.35 3 0 0.77 0.17 3 0 0.57
AD 20 Matara 0.37 7 0 1.16 0.41 12 0 1.89
AD 21 Badulla 0.54 6 0 1.17 0.57 13 0 2.07
AD 22 Moneragala 0.76 9 0 1.61 0.43 7 0 1.42
AD 23 Colombo 0.39 4 0 0.77 0.13 4 0 0.62
AD 24 Gampaha 0.67 4 0 1.03 0.43 10 0 1.63
AD 25 Kalutara 0.93 6 0 1.34 0.67 8 0 1.69

Table A2. Statistical variations of the property damage in each administrative district of Sri Lanka due to lightning, from
1974 to 2019.

District
Number District

Number of Deaths Number of Injuries

Average Maximum Minimum Standard
Deviation Average Maximum Minimum Standard

Deviation

AD 1 Kandy 0.00 0 0 0.00 1.00 15 0 3.14
AD 2 Matale 0.00 0 0 0.00 0.07 1 0 0.25
AD 3 Nuwara Eliya 0.15 4 0 0.67 0.22 9 0 1.33
AD 4 Ampara 0.00 0 0 0.00 0.13 1 0 0.34
AD 5 Batticaloa 0.04 1 0 0.21 0.30 6 0 1.17
AD 6 Trincomalee 0.00 0 0 0.00 0.13 6 0 0.88
AD 7 Anuradhapura 0.00 0 0 0.00 0.35 11 0 1.72
AD 8 Polonnaruwa 0.00 0 0 0.00 0.07 2 0 0.33
AD 9 Jaffna 0.00 0 0 0.00 0.11 2 0 0.43
AD 10 Kilinochchi 0.02 1 0 0.15 0.09 4 0 0.59
AD 11 Mannar 0.02 1 0 0.15 0.09 2 0 0.35
AD 12 Mullaittivu 0.00 0 0 0.00 0.09 4 0 0.59
AD 13 Vavuniya 0.00 0 0 0.00 0.22 2 0 0.59
AD 14 Kurunegala 0.15 5 0 0.76 0.91 23 0 3.49
AD 15 Puttalam 0.02 1 0 0.15 0.80 16 0 3.11
AD 16 Kegalle 0.09 1 0 0.28 6.09 110 0 20.98
AD 17 Ratnapura 0.02 1 0 0.15 0.78 11 0 2.33
AD 18 Galle 0.00 0 0 0.00 0.61 13 0 2.26
AD 19 Hambantota 0.04 1 0 0.21 0.59 14 0 2.21
AD 20 Matara 0.00 0 0 0.00 0.30 5 0 0.84
AD 21 Badulla 0.04 1 0 0.21 0.80 29 0 4.32
AD 22 Moneragala 0.00 0 0 0.00 0.48 11 0 1.92
AD 23 Colombo 0.09 3 0 0.46 0.15 3 0 0.56
AD 24 Gampaha 0.02 1 0 0.15 0.72 15 0 2.52
AD 25 Kalutara 0.13 2 0 0.40 1.02 21 0 3.80
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Table A3. Statistics of the annual lightning flash density, based on the 1998–2014 LIS Data from the
TRMM Satellite.

Annual Lightning Flash Density
(flashes km−2 year−1)

Average Maximum Minimum Standard Deviation

8.26 28.05 0.84 3.88

Table A4. Statistics of the monthly variations of the lightning flash density, based on the 1998–2014
LIS Data from the TRMM Satellite.

Month
(flashes km−2 year−1)

Average Maximum Minimum Standard Deviation

January 2.00 22.78 0.00 3.84
February 4.61 65.88 0.00 7.62

March 14.35 85.67 0.00 12.23
April 31.33 146.76 0.02 23.31
May 9.93 58.20 0.00 6.76
June 3.74 57.27 0.00 5.29
July 2.08 25.16 0.00 2.60

August 6.66 59.61 0.00 7.37
September 6.55 49.55 0.00 5.78

October 12.87 59.77 0.00 8.60
November 6.09 45.64 0.00 6.47
December 2.20 20.44 0.00 2.75

Table A5. Statistics of the seasonal variations of the lightning flash density, based on the 1998–2014
LIS Data from the TRMM Satellite.

Climate Season
(flashes km−2 year−1)

Average Maximum Minimum Standard Deviation

FIM 22.25 85.88 0.79 15.09
SWM 5.67 23.66 0.16 3.51
SIM 9.29 35.65 0.40 5.32

NEM 2.99 31.99 0.26 3.91

Table A6. Statistics of the variations of the lightning flash density in each administrative district of
Sri Lanka, based on the 1998–2014 LIS Data from the TRMM Satellite.

District
Number District

(flashes km−2 year−1)
Average Maximum Minimum Standard Deviation

AD 1 Kandy 7.29 16.61 3.18 1.95
AD 2 Matale 8.38 10.47 6.45 0.74
AD 3 Nuwara Eliya 6.18 14.06 2.10 2.01
AD 4 Ampara 6.40 14.74 1.06 3.50
AD 5 Batticaloa 5.54 10.93 1.12 1.92
AD 6 Trincomalee 5.98 8.07 3.58 0.80
AD 7 Anuradhapura 8.00 11.73 5.12 1.08
AD 8 Polonnaruwa 8.81 13.93 5.48 1.06
AD 9 Jaffna 1.87 3.01 0.84 0.45

AD 10 Kilinochchi 3.46 6.54 1.87 1.03
AD 11 Mannar 5.93 9.83 1.51 1.78
AD 12 Mullaittivu 6.67 11.98 1.98 2.16
AD 13 Vavuniya 8.88 11.47 6.09 0.82
AD 14 Kurunegala 11.94 20.32 5.24 2.99
AD 15 Puttalam 5.73 10.95 2.51 1.42
AD 16 Kegalle 17.27 27.19 7.53 3.39
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Table A6. Cont.

District
Number District

(flashes km−2 year−1)
Average Maximum Minimum Standard Deviation

AD 17 Ratnapura 10.22 21.22 3.03 3.70
AD 18 Galle 10.82 16.58 4.73 1.83
AD 19 Hambantota 3.61 7.68 1.53 1.23
AD 20 Matara 5.27 11.28 1.77 1.80
AD 21 Badulla 8.45 14.84 3.36 1.63
AD 22 Moneragala 8.21 16.25 1.94 2.62
AD 23 Colombo 15.50 28.05 9.11 3.82
AD 24 Gampaha 16.74 27.94 5.72 3.21
AD 25 Kalutara 14.84 19.96 9.38 2.31
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