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ABSTRACT
Lightning-related fatalities in Romania are analyzed and presented for the first time using data from the
Romanian National Institute of Statistics. The database contains 724 lightning fatalities that occurred between 1999 and 2015 in Romania, corresponding to an average of 42.6 fatalities per year. The annual number
of lightning fatalities decreased from 65 fatalities per year between 1999 and 2003 to 23.2 fatalities per year
between 2011 and 2015. The majority of fatalities occurred in May–August (42% of all fatalities) with a peak
in June (31%) and July (28%). The highest fatality rates (.2.6 fatalities per million inhabitants per year) are
observed over southwestern Romania, a region characterized by high values of cloud-to-ground lightning
density (.2 flashes per square kilometer per year) and by a relatively high percentage (.40%) of the population living in rural areas. The majority of fatalities (78%) were reported in rural areas. Approximately 78%
of the victims were male. The most vulnerable group was males between the ages of 10–39 living in rural areas.
To further reduce the lightning fatality rate in Romania, currently one of the highest in Europe, the authors
argue that lightning mitigation activities and information campaigns about the risks associated with lightning
should be initiated in Romania.

1. Introduction
Our knowledge about the spatial and temporal distribution of cloud-to-ground (CG) lightning over
Europe has improved significantly over the recent years
through pan-European (e.g., Anderson and Klugmann
2014) and regional studies (e.g., Wapler 2013). In
contrast, we know far less about the impact of CG
lightning, in particular, about the spatial and temporal
distribution of lightning-related fatalities and injuries.
Holle (2016), in a review of recent national-scale lightning fatalities studies, indicated that such studies were
published for Austria (Kompacher et al. 2012), France
(Gourbière 1999), Greece (Peppas et al. 2012), Lithuania (Galvonaite 2004), Poland (Loboda 2008), Turkey
(Tilev-Tanriover et al. 2015), and the United Kingdom
(Elsom and Webb 2014). More recently, lightning fatality data were also published for Switzerland (Badoux
et al. 2016). Thus, lightning fatalities have been
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documented in only 7 (17%) of the 47 European countries with an area greater than 100 km2. The fatality rates
(i.e., number of fatalities per million inhabitants per
year) are in general lower in Europe (.0–0.4) compared
with North America (0.10–2.7), Asia (.0–1.5), and Africa (0.9–84) (Holle 2016, their Table 1).
For Romania, as far as we are aware, no studies of
lightning-related fatalities have been previously published. An estimate of 56 fatalities per year was previously mentioned in an article on the CG lightning
climatology of Romania (based on data collected between 2002 and 2007 and provided by the Romanian
National Institute of Statistics; Antonescu and Burcea
2010). This estimate of the annual average number of
fatalities corresponds to a fatality rate of 2.47 fatalities
per million inhabitants per year, which is higher than any
other published fatality rates for Asia (except Sri
Lanka), Australia, Europe, North and South America
(except Mexico) (Holle 2016, their Table 1).
Motivated by this observation on the fatality rate in
Romania, in this article we are exploring for the first
time a database containing lightning fatalities with the
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aim of 1) documenting the lightning mortality in
Romania using data collected in a consistent way (i.e.,
death certificates) over a relatively long period of time
(i.e., 1999–2015), 2) increasing awareness of the risk
posed by lightning to Romania, 3) supporting decisionmakers and emergency managers to better understand
the occurrence of lightning fatalities, and 4) contributing
to a better understanding of lightning fatalities across
Europe. This article is structured as follows. Section 2
details the lightning fatalities dataset and discusses its
main limitations. Section 3 describes the climatology of
CG lightning in Romania. The changes in the annual and
monthly number of fatalities during the study period and
the causes of these changes are analyzed in sections 4
and 5, respectively. Section 6 documents the spatial
distribution of lightning fatalities based on administrative boundaries. Section 7 details how lightning fatalities
are distributed by living area, gender, and age groups.
Finally, section 8 summarizes the results of this paper.

2. Data and methods
The lightning-related fatality data used in this article
were collected from medical death certificates by the
Romanian National Institute of Statistics. The lightning
fatality data were then verified and added to a database
developed and maintained by the National Center for
Statistics and Informatics in Public Health (NCSIPH), a
division of the Romanian National Institute of Public
Health. The NCSIPH database contains information on
diseases and health issues grouped based on the International Statistical Classification of Diseases and
Related Health Problems (ICD), a medical classification
system of the World Health Organization (WHO).
Romania had adopted the ICD classification in the
1950s, and in 1994 an abridged classification of the tenth
version of the ICD was adopted, followed by the implementation of ICD-10 in 1999 (Ionitx
a and Penina 2016). In
the ICD-10 classification, lightning fatalities are included
in the category ‘‘exposure to forces of nature’’ (X30–X39).
From the NCSIPH database, only the entries with the
ICD-10 code X33 (victim of lightning) were used in this
study. The X33 code does not include victims associated
with fire produced by lightning strikes or from fall of a
tree or other object caused by lightning. Unlike previous
studies that have analyzed lightning fatalities and injuries (e.g., Tilev-Tanriover et al. 2015; Dewan et al.
2017), in this article we focus only on lightning fatalities
because this dataset is, in general, more reliable compared with the lightning injuries dataset.
A total of 719 lightning fatalities were included in the
NCSIPH database between 1999 and 2015. Each entry
on the NCSIPH database contains information about
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the place and date of death (i.e., county, judetx in Romanian), living area (i.e., rural or urban), age, gender,
and civil status (married, single, divorced, widowed) of
the victim. The place of death is also specified in three
categories: medical unit, home, and another situation.
One advantage of using the NCSIPH database is that the
records are standardized (i.e., the same type of information is provided for each record), compared with
the records obtained from newspapers that sometimes,
for example, do not include exact date and place of some
incidents (e.g., Tilev-Tanriover et al. 2015). As shown by
Mills et al. (2008), the records obtained from newspapers are limited by 1) the newspaper circulation, 2) the
relevance of the lightning incident compared with other
news items, 3) reliability of the sources (i.e., public
or official accounts), and 4) limitation of electronic
searches when extracting the data from newspaper archives. A partial search for the 2015 convective season
(May–September) through the archive of one of the
leading Romanian national newspapers (i.e., Adev
arul)
using a keyword search [e.g., tr
asnet (cloud-to-ground
lightning), tr
asnit (struck by lightning), victim
a (fatality),
mort (dead)] did not result in any additional lightningfatality cases to the NCSIPH database.
The NCSIPH database may also contain errors that
result from a misinterpretation of ICD-10 codes (e.g.,
the code is attributed to fatalities from electrocution,
this is further discussed in section 4), from the assignment of the place of death, or from the fact that the
information is not received from all hospitals (e.g.,
Shearman and Ojala 1999). Also, the NCSIPH database
does not contain explicit information (i.e., latitude and
longitude) of the place of death, but only information
about the county in which the death occurred. The
NCSIPH database used in this article likely does not
include all the cases of lightning fatalities in Romania. A
survey of the European Severe Weather Database
(ESWD; Groenemeijer et al. 2017) indicated that 28
damaging lightning cases from Romania were included
in this database between 1999 and 2015, which resulted
in 13 fatalities. In the ESWD, damaging lightning is
defined as a lightning strike causing important damage
to aircrafts, vehicles, ships, or injuring or killing people
or animals. Five of these 13 lightning fatalities (representing 0.7% of all lightning fatalities in the NCSIPH
database) were added as additional cases to the
NCSIPH database. Thus, the database used in this article, containing 724 lightning fatalities between 1999
and 2015 (42.6 fatalities per year), represents the best
data source to understand the vulnerability to lightning
in Romania. Together with fatality data, we also used
population data (i.e., Population and Demographic
Structure, POP107A–Permanent Resident Population)
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provided by the Romanian National Institute of Statistics (RNIS) and extracted using the TEMPO-online
database (http://www.insse.ro/cms/en). The RNIS defines the permanent-resident population as the number
of inhabitants with Romanian citizenship and permanent residence (as printed on the identity card and
registered by the administrative bodies) in the territory
of Romania, delimited by territorial-administrative
criteria.

3. Cloud-to-ground lightning climatology
Antonescu and Burcea (2010), using CG lightning
data from the Romanian National Lightning Detection
Network (RNLDN), showed that between 2003 and 2007
(except 2006) 1.75 million CG lightning flashes were recorded in Romania. They also showed that the CG lightning density in Romania varies from less than 0.34 flashes
per square kilometer per year over eastern and northwestern Romania to values greater than 2.38 flashes per
square kilometer per year over southwestern and central
Romania (Figs. 1a,b). Data between 2012 and 2016 from
the Global Lightning Dataset 360 (GLD360; Said 2017)
provided by Vaisala, showed a similar pattern compared
with the density obtained from RNLDN (Fig. 1c). The two
main differences between the GLD360 and RNLDN datasets are 1) the CG lightning density maximum is over the
southwestern part of the Carpathian Mountains in the
GLD360 dataset and mainly over the southern Carpathians in the RNLDN dataset, and 2) the region of high
CG lightning density stretching south from the southern
Carpathians is closer to Bucharest (the capital city of
Romania) in the GLD360 dataset compared with the
RNLD dataset (cf. Figs. 1b and 1c). This is emphasizing
the role of local topography in the development of thunderstorms. For example, Albrecht et al. (2016), using spacebased Lightning Imaging Sensor observations, showed
that the continental maxima in CG lightning density were
in the proximity of major mountain ranges.
Note that in Fig. 1b the CG lightning density is based on
CG lightning flashes, whereas Fig. 1c is based on CG
lightning strokes (i.e., components of the CG lightning
discharge). As indicated by Rakov and Uman (2003, their
Table 1.1), the typical value for the number of strokes per
flash is between 3 and 5. Thus, the maximum CG lightning
density based on the GLD360 dataset is greater than 2.8
flashes per square kilometer per year , comparable with
the maximum values from Antonescu and Burcea (2010).

4. Interannual distribution of lightning fatalities

FIG. 1. (a) Topography of Romania (terrain height shaded
according to the scale). The inset map indicates the position of
Romania within Europe. (b) Mean annual CG lightning density
(flashes per square kilometer per year, shaded according to the
scale) for Romania based on data from the RNLDN collected
between 2003 and 2007 (except 2006), adapted from Antonescu
and Burcea (2010). (c) Mean annual CG lightning density (strokes
per square kilometer per year, shaded according to the scale) for
Romania based on GLD360 (provided by Vaisala).

The annual distribution of the lightning fatalities
shows a decrease in lightning fatality counts since 1999
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(Fig. 2a). The number of lightning fatalities decreased
from an average of 65 fatalities per year between 1999
and 2003 to an average of 23.2 fatalities per year between 2011 and 2015. This corresponds with a decrease
in the fatality rate (i.e., fatalities per million inhabitants)
from an average of 2.86 fatalities per million inhabitants
between 1999 and 2003 to an average of 1.04 fatalities
per million between 2011 and 2015 (Fig. 2a). Similar
changes in the lightning fatality rates have been observed previously, but these changes occurred over
longer periods of time. For example, for the United
States, the average fatality rate changed during the
twentieth century from an average of 4.92 fatalities per
million inhabitants between 1900 and 1904 to an average
0.34 fatalities per million inhabitants between 1987 and
1991 (López and Holle 1998, their Table 1). Similar
changes were also observed in Europe. For example, in
Switzerland, the fatality rate decreased from 1.07 fatalities per million inhabitants between 1946 and 1950 to no
fatalities between 2011 and 2015 (Badoux et al. 2016,
Fig. 3).
The decrease in the number of lightning-related fatalities and the changes in the fatality rate in Romania
can be attributed to ambiguities in the cause of death,
which will result in ICD-10 codes for lightning fatalities
to be attributed to other types of fatalities, for example,
fatalities from electrocution. In this case, lightning fatalities will be randomly distributed over the study period. But, as Fig. 2b shows, the majority of the lightning
fatalities were reported between May and August (93%
of all fatalities) every year between 1999 and 2015. The
decrease in the lightning fatality rate in Romania can
also be attributed to a decrease in the population of
Romania from 22.85 million inhabitants in 1999 to 22.30
million in 2015 (Fig. 2c). The population of Romania
decreased by 2.45% between 1999 and 2015, with a decrease of 5.36% in the rural population and a decrease of
0.08% in the urban population over the same period. The
RNIS defines the urban population as the population
that has its residence in cities and municipalities and the
rural population as the population with residence in villages, with cities, municipalities, and villages being established by law. Other causes that likely contributed to
the decrease in the fatality rate include improvements in
weather forecasting, in particular in weather warnings
for severe convective storms. In November 2000, the
Romanian National Meteorological Administration
(RNMA) started a process of modernization of the capabilities of detecting, monitoring, and forecasting
weather phenomena over Romania (Ioana et al. 2004).
As a part of this process, a lightning detection network
and a Doppler radar network were installed that contributed to a better monitoring and forecasting of
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thunderstorms (Antonescu et al. 2013). Currently, the
severe weather warnings issued by the RNMA include
information about the lightning threat. Also, the development of emergency rescue services (e.g., the Romanian Mobile Emergency Service for Resuscitation and
Extrication, fully operational since 1996 as a part of the
Military Fireman Corps, and the Romanian General
Inspectorate for Emergency Situations created in 2004)
potentially contributed to the decrease in the fatality rate
by preventing some of the lightning injuries to result in
fatalities.
Despite the decrease since 1999, the lightning fatality
rate in Romania (i.e., 1.88 fatalities per million inhabitants averaged over the entire study period and 1.04
fatalities per million inhabitants average between 2011
and 2015) is likely one of the highest in Europe. As indicated by Holle (2016), the highest lightning fatality
rate (0.4 fatalities per million inhabitants) in Europe was
previously reported for Turkey (Tilev-Tanriover et al.
2015). This high fatality rate is not only associated with a
particular distribution of the population of Romania—
56% living in urban areas in 2010 compared with approximately 76% living in urban areas in Turkey in 2010,
for example—but also to the way in which the lightning
threat is perceived. As hypothesized by Ashley and
Gilson (2009), in general, people do not perceive lightning as life threatening compared with other severe
weather phenomena (e.g., floods), even if lightning is
observed more frequently than other severe weather
phenomena. This perception can be changed by increasing awareness of the risk associated with lightning.
Currently, to our knowledge, there are no programs
devoted to increase awareness of the risk that lightning
poses or to promote lightning safety in Romania.

5. Monthly distribution of lightning fatalities
The peak in the number of lightning fatalities is in
May–June (341 fatalities, 47% of all fatalities; Fig. 2b).
The monthly distribution of lightning fatalities is consistent with the climatology of severe storms in Romania. For example, Antonescu and Burcea (2010) showed
that 98% of CG lightning flashes were detected between
May and September, with a broad maximum in June–
August (80% of all CG lightning flashes). Also, the
monthly distribution of tornado reports has a peak in
May (Antonescu and Bell 2015), and the monthly distribution of hail reports has a maximum in May–June
(Burcea et al. 2016). The peak during late spring and
early summer in the number of lightning fatalities is also
due to a larger number of people engaged in outdoor
labor activities during this months, compared with the
rest of the year. These outdoor activities are mainly
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FIG. 2. (a) The lightning-related fatalities in Romania reported each year between 1999 and
2015. The fatality rate (i.e., fatalities per million inhabitants per year) is shown on top of each
bar and is calculated using the population data in (c). (b) Heat map showing the number of
fatalities reported each month between 1999 and 2015 (shaded according to the scale). The
total number of fatalities for each month is indicated on the right of the heat map. (c) The
population of Romania (million inhabitants) for each year between 1999 and 2015 (blue line)
together with the urban (dark green) and rural population (light green). The population data
were obtained from the Romanian National Institute of Statistics.
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FIG. 3. The number of lightning-related fatalities (shaded according to the scale)
reported in each county between 1999 and 2015.
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FIG. 4. (a) Population density (based on the average population between 1999 and 2015, shaded according to the
scale) and the name of each county in Romania. (b) The number of lightning-related fatalities in each county
(shaded according to the scale); the number in each county represents the rank of the county based on the number
of lightning fatalities. (c) Fatality rate per million (i.e., fatalities per million inhabitants per year, shaded according
to the scale); the number in each county represents the rank of the county based on fatality rate per million.
(d) Normalized fatalities by area (i.e., fatalities per square kilometer, shaded according to the scale); the number in
each county represents the rank of the county based on normalized fatalities by area.

agriculture and shepherding (e.g., the livestock is moved
during the summer months in the mountains and returned to the lower plains in the winter). The distribution of the number of lightning fatalities by month and
by county shows that in May the fatalities are mainly
reported over southwestern Romania (Fig. 3). In June
and July, the number of fatalities is increased over
central and northern Romania, and by August fatalities
are mainly reported over northern Romania.

6. Spatial distribution of lightning fatalities
The spatial distribution of lightning-related fatalities
was constructed using administrative boundaries (i.e.,
counties). A county-based analysis is not providing a
detailed picture of the variability of lightning fatalities
across Romania. This variability will be revealed, for
example, by counting the number of fatalities on a grid
(e.g., Ashley and Gilson 2009). Because our database
does not contain the location of lightning fatalities, our

analysis is restricted to a county-based perspective.
Nevertheless, this analysis reveals how lightning fatalities are distributed across Romania and is useful for
ranking counties in terms of the number of fatalities,
fatality rate, and normalized fatalities (fatalities per
1000 km2).
Figure 4a shows the population density using the average population for each county between 1999 and
2015. Romania has 41 counties and the municipality of
Bucharest, which has the same administrative level as
that of a county. Bucharest has the smallest area (i.e.,
238 km2) and the largest number of inhabitants (i.e., 2.15
million inhabitants) compared with any other county
(Table 1). The majority of the counties (31 counties)
have a population density lower than 100 inhabitants
per km2. The highest population density is in Bucharest
(9042 inhabitants per km2) and the lowest is in Tulcea
(30 inhabitants per km2) (Fig. 4a). Lightning fatalities
were more frequently reported over parts of southwestern, central, and northern Romania compared with
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TABLE 1. Area (km2), population (million, average between 1999 and 2015), lightning fatalities counts, fatality rates (fatalities per million
people per year), and normalized fatalities by area (fatalities per square kilometer 3 1000) by county.
Fatalities

Fatality rate

Normalized
fatalities

County

Area (km2)

Population (mil.)

Number

Rank

Rate

Rank

Density

Rank

Alba
Arad
Argeş
Bac
au
Bihor
Bistritxa-N
as
aud
Botoşani
Braşov
Br
aila
Bucureşti
Buz
au
C
al
araşi
Caraş-Severin
Cluj
Constantxa
Covasna
D^
ambovitxa
Dolj
Galatxi
Giurgiu
Gorj
Harghita
Hunedoara
Iaşi
Ialomitxa
Ilfov
Maramureş
Mehedintxi
Mureş
Neamtx
Olt
Prahova
S
alaj
Satu Mare
Sibiu
Suceava
Teleorman
Timiş
Tulcea
V^
alcea
Vaslui
Vrancea

6241.9
7754
6826.1
6620.8
7544.1
5355.1
4985.9
5363
4765.9
238
6102.9
5088
8519.9
6674.1
7071.1
3709.9
4054.1
7414
4466.1
3526
5601.9
6639
7062.9
5475.9
4453
1583.1
6304.1
4933
6714
5896
5498.1
4716
3864.1
4418
5432.2
8553.2
5789.9
8696.9
8498.9
5764.9
5318.1
4857

0.39
0.48
0.66
0.76
0.63
0.33
0.47
0.63
0.38
2.15
0.5
0.33
0.35
0.71
0.76
0.23
0.54
0.73
0.65
0.29
0.38
0.34
0.5
0.86
0.3
0.31
0.54
0.31
0.61
0.59
0.49
0.84
0.26
0.4
0.46
0.73
0.43
0.72
0.26
0.42
0.48
0.4

28
4
24
16
13
18
19
14
4
14
14
7
13
22
8
12
21
41
12
13
33
23
18
20
11
19
21
31
24
19
22
15
8
7
29
21
29
14
9
22
10
2

5
23
6
13
16
12
11
15
23
15
15
22
16
8
21
17
9
1
17
16
2
7
12
10
18
11
9
3
6
11
8
14
21
22
4
9
4
15
20
8
19
24

4.17
0.49
2.12
1.24
1.22
3.2
2.36
1.32
0.62
0.38
1.63
1.25
2.2
1.81
0.62
3.04
2.28
3.3
1.09
2.65
5.1
3.99
2.11
1.37
2.12
3.64
2.3
5.95
2.33
1.89
2.66
1.05
1.84
1.03
3.72
1.68
3.95
1.14
2.06
3.1
1.24
0.29

3
40
19
31
33
9
14
29
38
41
27
30
18
25
39
11
17
8
35
13
2
4
21
28
20
7
16
1
15
23
12
36
24
37
6
26
5
34
22
10
32
42

4.49
0.52
3.52
2.42
1.72
3.36
3.81
2.61
0.84
58.83
2.29
1.38
1.53
3.3
1.13
3.23
5.18
5.53
2.69
3.69
5.89
3.46
2.55
3.65
2.47
12
3.33
6.28
3.57
3.22
4
3.18
2.07
1.58
5.34
2.46
5.01
1.61
1.06
3.82
1.88
0.41

9
41
16
29
33
18
12
25
40
1
30
37
36
20
38
21
7
5
24
13
4
17
26
14
27
2
19
3
15
22
10
23
31
35
6
28
8
34
39
11
32
42

other regions of the country (Fig. 4b). The counties of
Dolj, Gorj, and Mehedintxi have the highest fatality
counts, representing 14.5% of all lightning fatalities
analyzed in this article (Fig. 4b, Table 1).
The lightning fatality rates per million inhabitants per
year for each county are shown in Fig. 4c. During the
study period, the average fatality rate across the
counties was 2.18 fatalities per million inhabitants per
year. The highest fatality rates were observed over parts
of southern and central Romania, with a maximum in

Mehedintxi (5.95), Gorj (5.10), and Alba (4.17) and a
minimum in Arad (0.49), Bucureşti (0.38), and Vrancea
(0.29). Thus, using rankings based on fatality rate results
in a shift of the top counties ranked by the number of
fatalities toward counties with a lower number of inhabitants (cf. Fig. 4b and Fig. 4c). For example,
Mehedintxi has the highest fatality rate, but also one the
lowest number of inhabitants in Romania (ranking 37
out of 42 counties; Table 1). When fatalities are normalized by the area of the county, a slightly different
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FIG. 5. Percentage of rural population (based the average population between 1999 and 2015,
shaded according to the scale) for each county in Romania. The number in each county represents the percentage of fatalities that occurred in rural areas and the total number of fatalities
in each county (indicated in parentheses).

distribution emerges (cf. Fig. 4c and Fig. 4d), but one
that still emphasizes that southwestern and central Romania, compared with other regions of Romania, are
most vulnerable to CG lightning.
For the United States, Ashley and Gilson (2009) have
identified a number of spatial corridors characterized
by a relatively large number of lightning fatalities (e.g.,
central and eastern Florida) and showed that a high
number of fatalities appear near large population
centers (e.g., Chicago, Dallas–Fort Worth). They indicated that the irregular spatial pattern in the fatality distribution results from a combination of risk
and human vulnerability. This observation also applies to the spatial pattern of lightning-related fatalities in Romania. In particular, we speculate that the
high number of fatalities over southwestern Romania
results from a combination of large CG lightning
density values in a region with a large percentage of
the population living in rural areas, as discussed in the
next section.

7. Demographics of lightning fatalities
The majority of the lightning fatalities in Romania
(78.5% of all fatalities) were reported in rural areas. For
Turkey, Tilev-Tanriover et al. (2015) showed that 86%
of lightning-related incidents between 1930 and 2014
occurred in rural areas. A high percentage of lightning
fatalities in rural areas (93% of all fatalities) was also

reported in Bangladesh (Dewan et al. 2017). Figure 5
shows that in 38 Romanian counties the majority of fatalities occurred in rural areas. The exceptions are
Braşov, with 28.6% of all fatalities reported in rural
areas, and Bucharest and Vrancea, where fatalities occurred only in urban areas. Even for counties characterized by a low incidence of CG lightning, for example,
northeastern Romania (Fig. 1), the majority of fatalities
occurred in rural areas. Thus, in these counties, it is
likely that people are even less aware of the threat associated with CG lightning and, instead of taking precautions when thunderstorms are close by, they continue
their outdoor activities (e.g., farming, shepherding).
This observation also applies to people involved
in outdoor recreational activities (e.g., trekking,
rock climbing, camping). For example, the Carpathian
Mountains and Transylvania in central Romania are
popular destinations for recreational outdoor activities
(Fig. 5). These results are somewhat different from those
obtained by Roeder et al. (2015) for the United States.
Roeder et al. (2015) showed that for the regions characterized by high CG lightning flash rate (e.g., Florida),
the lightning fatality risk decreased in rural areas (e.g.,
southeast of Orlando, their Fig. 5) due to a lower population density.
Of the 724 fatalities analyzed in this article, 548
(75.7%) were male and 176 (24.3%) were female. This
result is consistent with previous studies. For example,
Elsom (2001) indicated a similar percentage of male

Unauthenticated | Downloaded 01/09/23 09:21 AM UTC

250

WEATHER, CLIMATE, AND SOCIETY

VOLUME 10

FIG. 6. The number of male (blue) and female (green) fatalities by age group that occurred in Romania between 1999 and 2015 in
(a) rural areas and (b) urban areas. (c) As in (a), but normalized with the average (1999–2015) male and female population by age group
living in rural areas. (d) As in (b), but normalized with the average (1999–2915) male and female population by age group living in
urban areas.

fatalities in the United Kingdom (73%), and Raga et al.
(2014) showed that 79% of the lightning fatalities in
Mexico between 1979 and 2011 were male fatalities. A
lower percentage of male fatalities was reported by
Tilev-Tanriover et al. (2015) for Turkey (67% of all fatalities). Mills et al. (2008) showed that 84% of lightning
fatalities in Canada were male, consistent with the percentage (85% male) found in the United States by
Ashley and Gilson (2009).
Figure 6 shows the number of fatalities for both
male and female by age group for rural and urban
areas. The largest number of fatalities by age group is
for males between the ages of 10 and 39 living in rural
areas (211 fatalities representing 29.1% of all fatalities; Fig. 6a). When weighted by the population (average 1999–2015 male and female rural population for

each age group), a different picture emerges (Fig. 6b).
In this case, the most vulnerable are males between
the ages of 60 and 69 living in rural areas (7.42 fatalities per million inhabitants per year). This shift in
the most vulnerable age group is due to a decrease
in the male population living in rural areas with the
age group 20–39 years. The high number of fatalities
for the age groups 10–19 years (5.89 fatalities per
million inhabitants per year) and 20–29 years (5.82
fatalities per million inhabitants per year) can be
attributed, as indicated by Badoux et al. (2016), to
increased risk-taking by young males compared with
other groups. This observation can also explain the
high number of lightning fatalities for the 10–19 age
group (1.8 fatalities per million inhabitants per year)
of males living in urban areas (Figs. 6c,d).
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8. Conclusions
The database developed and maintained by the NCSIPH
was explored for the first time to document the lightningrelated fatalities in Romania. Between 1999 and 2015, 719
lightning fatalities were included in the NCSIPH database,
with five additional reports obtained from ESWD. During
the study period, the lightning fatality rate decreased from a
maximum of 2.86 fatalities per million inhabitants per year
between 1999 and 2003 to a minimum of 1.04 fatalities per
million inhabitants per year between 2011 and 2015. This
trend in the fatality rate is consistent with trends reported in
similar studies, with the only difference being the short
period of time in which the decrease occurred in Romania.
The decrease can be attributed to 1) a decrease in rural
population (5.28% between 1999 and 2015), 2) improvements in severe weather warnings due to technology improvements (e.g., Doppler radars, lightning detection
networks), and 3) improvements in medical care and
technology (e.g., the Romanian Mobile Emergency Service
for Resuscitation and Extrication).
The risk of being struck by lightning is highest over
southwestern Romania (e.g., the largest number of fatalities by county was recorded in Dolj with 41 fatalities,
and the highest fatality rate was observed in Mehedintxi
with 5.95 fatalities per million per year). This high risk
results from a maximum in the CG lightning activity
over southwestern Romania occurring in a region in
which a large proportion of the population lives in rural
areas. The most lightning fatalities (i.e., 93% of all fatalities) were reported between May and August, which
corresponds to a maximum in the monthly distribution
of CG lightning between May and September.
The majority of lightning fatalities (i.e., 78% of all
fatalities) occurred in rural areas. The number of male
fatalities (i.e., 548 fatalities) was 3 times more than the
number of female fatalities (i.e., 176 fatalities). The most
vulnerable category was males living in rural areas with
ages between 10 and 39 years (211 fatalities, 29.1% of all
fatalities), while it was males with ages between 60 and
69 years when normalized by population (i.e., 7.42 fatalities per million per year).
This article emphasizes that the risk associated with
lightning in Romania should not be ignored and should
be included in risk-reduction strategies and programs.
Despite the changes in the recent years, the lightning
fatality rate in Romania is still one of the highest in
Europe (i.e., 6.8 fatalities per year corresponding to a
fatality rate of 1.04 fatalities per million per year). As
showed in previous studies documenting lightningrelated fatalities in the other eight European countries,
the highest fatality rate is in Turkey, with 0.4 fatalities
per million per year. We believe that the lightning
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fatality rate for Romania has not reached a minimum and
that the rate can be further reduced through mitigation
efforts. Currently, the Romanian General Inspectorate for
Emergency Situations is conducting campaigns to increase
awareness and mitigate the risks associated with severe
weather events, and in April 2016 a smartphone application was launched (with 260 000 users as of 1 November
2017) to disseminate the severe weather warnings issued
by the RNMA. To our knowledge, lightning mitigation
activities have not been previously conducted in Romania.
Thus, for example, the Romanian General Inspectorate
for Emergency Situations and the RNMA can 1) participate in national information campaigns each spring (e.g.,
Lightning, or by extension, Severe Weather Awareness
week), 2) conduct countywide campaigns to inform the
farmers, and 3) develop lightning safety resources (see,
e.g., http://www.lightningsafety.noaa.gov/). Furthermore,
the lightning fatality rate in Romania can be reduced by
analyzing the environmental parameters associated with
lightning occurrence in Romania and developing lightning
forecasting schemes based on these parameters (e.g., Van
Den Broeke et al. 2005; Antonescu et al. 2013; Dewan et al.
2018) and by developing seasonal forecasts for lightning
(e.g., Dowdy 2016). These forecasts can be then used by
decision-makers, emergency managers, and (re)insurance
companies to reduce the impact of thunderstorms.
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