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Abstract. This paper presents an analysis of fatalities attributable to weather conditions in the Czech Republic during the 

2000–2019 period. The database of fatalities deployed contains information extracted from Právo, a leading daily 10 

newspaper, and Novinky.cz, its internet equivalent, supplemented by a number of other documentary sources. The analysis is 

performed for floods, windstorms, convective storms, rain, snow, glaze ice, frost, heat, and fog. For each of them, the 

associated fatalities are investigated in terms of annual frequencies, trends, annual variation, spatial distribution, cause, type, 

place, and time, as well as the sex, age, and behaviour of casualties. There were 1164 weather-related fatalities during the 

2000–2019 study period, exhibiting a statistically significant falling trend. Those attributable to frost (31 %) predominated, 15 

followed by glaze ice, rain and snow. Fatalities were at their maximum in January and December and at their minimum in 

April and September. Fatalities arising out of vehicle accidents (48 %) predominated in terms of structure, followed by 

freezing or hypothermia (30 %). Most deaths occurred during the night. Adults (65 %) and males (72 %) accounted for the 

majority of fatalities, while indirect fatalities were more frequent than direct ones (55 % to 45 %). Hazardous behaviour 

accounted for 76 %. According to the database of the Czech Statistical Office, deaths caused by exposure to excessive 20 

natural cold are markedly predominant among five selected groups of weather-related fatalities and their numbers exhibit a 

statistically significant rise during 2000–2019. Police yearbooks of the fatalities arising out of vehicle accidents indicate 

significantly decreasing trends in the frequency of inclement weather patterns associated with fatal accidents, as well as a 

decrease in their percentage in annual numbers of fatalities. The discussion of results includes the problems of data 

uncertainty, comparison of different data sources, and the broader context. 25 

1 Introduction 

Natural disasters are accompanied not only by extensive material damage, but also by great loss of human life, facts easily 

derived from data held by re-insurance agencies (e.g. Munich RE, 2018; Swiss Re, 2019; Willis Re, 2019). It is therefore 

hardly surprising that this situation was also reflected in The Sendai Framework for Disaster Risk Reduction 2015–2030 

(SFDRR), adopted at the Third UN World Conference on Disaster Risk Reduction in Sendai (Japan) on 18 March 2015. The 30 
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Framework suggested targets and priorities intended “to prevent new and reduce existing disaster risks” (UNODRR, 2020; 

Wright et al., 2020). Events associated with climate and weather constitute highly important elements among natural 

disasters in terms of the damage they do and associated fatalities, as documented by the great number of papers addressing 

fatalities at world-wide or continental scales. For example, Ferreira et al. (2013) investigated the impact of development on 

flood fatalities in 92 countries between 1985 and 2008. Holle (2016) presented a world-wide overview of lightning fatalities. 35 

Gasparrini et al. (2017) investigated projections of excess temperature-related mortality for a range of climate-change 

scenarios. Vicedo-Cabrera et al. (2018) evaluated changes in heat- and cold-related mortality under scenarios consistent with 

the Paris Agreement targets. Franzke and Torelló i Sentelles (2020) analysed trends in weather and climate hazards based on 

continentally-aggregated fatality data in relation to large-scale climate variability. 

Although Europe suffered only 8.9 % of world-wide climate- and weather-related fatalities in 1980–2017, far fewer than 40 

Asia (71.1 %) and slightly fewer than North America (13.7 %) (Munich RE, 2018), Europe also has a very serious problem; 

particular attention has been paid to deaths associated with heat-waves and floods on this continent. The exceedingly hot 

summer of 2003 (Fink et al., 2004; García-Herrera et al., 2010), when heat waves accounted for over 70,000 fatalities 

(especially in France, Germany, Italy, Portugal, Romania, Spain, and the UK; e.g. Robine et al., 2008), brought the problem 

into sharp focus. Heat waves and drought in the European part of Russia during July–September 2010 brought about c. 45 

56,000 fatalities (Shmakin et al., 2013; Munich RE, 2014). Heat-wave-related mortality has been extensively investigated at 

national level for several European countries, among them, Slovakia (Vyberčki et al., 2015), Finland (Kim et al., 2018), 

Poland (Graczyk et al., 2019), and in western Europe overall (Vautard et al., 2020). In contrast, slightly less attention has 

been devoted to mortality during cold spells (e.g. Analitis et al., 2008; Ebi, 2015; Kinney et al., 2015; Psistaki et al., 2020). 

The impacts of climate change on future heat- and cold-related mortality in the Netherlands were evaluated by Botzen et al. 50 

(2020). 

Studies of flood-related fatalities, sometimes linked with those associated with landslides, tend to focus on southern Europe 

and the Mediterranean (e.g. Zêzere et al., 2014; Diakakis, 2016; Pereira et al., 2016, 2017; Diakakis and Deligiannakis, 

2017; Salvati et al., 2018; Vinet et al., 2019; Grimalt-Gelabert et al., 2020), although similar studies exist also in other 

countries (e.g. Hilker et al., 2009 for Switzerland and Špitalar et al., 2020 for Slovenia). Petrucci et al. (2019b) presented the 55 

MEditerranean Flood Fatalities (MEFF) database with detailed data concerning flood fatalities in five Mediterranean regions 

for the 1980–2015 period, later extended to nine regions for the 1980–2018 period as the EUropean Flood Fatalities (EUFF) 

database (Petrucci et al., 2019a). 

Other weather hazards attract less attention. For example, lightning fatalities and injuries were studied for the United 

Kingdom by Elsom (2001) and Elsom and Webb (2014), and for Romania by Antonescu and Cărbunaru (2018). Haque et al. 60 

(2016) investigated fatal landslides in Europe. Fatalities associated with a number of natural hazards in Switzerland were 

investigated by Badoux et al. (2016), while Heiser et al. (2019) presented a torrential event catalogue for Austria, but without 

particular attention to associated fatalities. Salvador et al. (2020) analysed the short-term effects of droughts on daily 
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mortality in Spain. Some contributions confined themselves to only the most catastrophic events (e.g. Trigo et al., 2016; 

Diakakis et al., 2020). 65 

In the Czech Republic, just as on the international scale, studies of fatalities associated with heat waves are the most frequent 

(e.g. Kyselý and Kříž, 2008; Kyselý and Plavcová, 2012; Knobová et al., 2014; Hanzlíková et al., 2015; Urban et al., 2017; 

Arsenović et al., 2019). However, attention has also been devoted to the fatal effects of cold spells. For example, Kyselý et 

al. (2009) and Plavcová and Urban (2020) analysed the impacts of compound winter extremes upon mortality rates. 

Brázdová (2012) worked on selected floods in the Czech Republic in order to develop a simple model for estimation of 70 

flood-fatalities. Czech flood fatality data also appeared in the EUFF database and were worked upon by Petrucci et al. 

(2019a). Brázdil et al. (2019b) analysed the potential of documentary data in the study of weather-related fatalities and 

presented preliminary results for the 1981–2018 period. 

Inclement weather conditions, such as glaze ice, hoar-frost, snow, rain, fog, etc., may contribute to the occurrence of vehicle 

accidents accompanied by casualties. On a wider scale, there exist many papers that address the effects of various weather 75 

conditions and floods on vehicle transport and accidents (e.g. Andrey at al., 2003, 2010; Eisenberg and Warner, 2005; Brijs 

et al., 2008; Diakakis and Deligiannakis, 2013; Jackson and Sharif, 2016; Han and Sharif, 2020a, 2020b). However, studies 

of weather-related casualties arising out of vehicle accidents are absent for the Czech Republic. For example, without 

reference to fatalities, only case studies related to hoar-frost or glaze-ice situations (e.g. Sulan, 2006; Zahradníček et al., 

2018), or damage to road network caused by natural disasters (Bíl et al., 2015), are available. 80 

The first two decades of the 21st century make up the period that experienced the most profound temperature increases 

world-wide since records began, inclusive of the Czech Republic (e.g. Zahradníček et al., 2021). The general increase in 

frequency and severity of climatic and weather hazards (IPCC, 2012, 2013; Hoppe, 2016) raises the question as to whether 

this situation has also been reflected in the number of fatalities associated with weather phenomena. The current paper 

consists of an investigation and analysis of variability and existing trends in weather-related fatalities over the territory of the 85 

Czech Republic in the 2000–2019 period with respect to a selection of influencing factors. The work is based on the 

mortality database compiled by the authors from newspaper data and other official/administrative sources of information. 

The paper represents the first detailed and comprehensive analysis of weather-related fatalities in the Czech Republic, with 

particular respect to spatiotemporal variability and the basic features that underlie them. Its results may make a significant 

contribution to disaster-risk reduction in the Czech Republic. At the same time, it is an important addition to knowledge of 90 

weather-related fatalities at a central European scale; studies addressing this matter, apart from certain papers cited above, 

have been somewhat sparse to date.  

Section 2 describes the basic data sources used for analysis, while the methodology appears in Section 3. The results in 

Section 4 describe weather-related fatalities for various weather phenomena and for all phenomena combined. The results are 

further discussed with respect to data uncertainty, comparison of different fatality information sources and the broader 95 

(central) European context in Section 5. A summary of the most important results appears in Section 6. 
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2 Data 

2.1 Documentary data 

Newspapers and their websites are the most important source of documentary information for more recent times. They report 

not only upon political, socio-economic and social matters, but they also reflect considerable public interest in disasters, 100 

weather phenomena and associated damage and fatalities. This study gathers information from the print edition of the daily 

newspaper Právo and Novinky.cz, its internet equivalent. As well as its usual, wider coverage of national and international 

news, it also appears in several different editions that dedicate space to particular regions of the Czech Republic, thus 

providing a highly useful source of fatality information. In addition to systematic reading of the newspaper, the research 

team employed the internet, entering a set of 52 key words (e.g. casualty, died, killed, black ice, flood, windstorm, lightning, 105 

frost, heat-wave) and 34 set phrases (e.g. wet road, slippery road, frost casualty, cold casualty, bad weather, bad visibility) to 

monitor Právo and Novinky.cz for further fatality events. Individual newspaper reports differ in their style and approach to 

detail in descriptions of events resulting in fatalities. Although some cases are made immediately obvious within the 

headlines (e.g. “Lightning kills woman”, “Icy road leads to fatal car accident”, “Seven homeless die of hypothermia, one 

frozen on park bench”), other casualties appear in the run of text, or remain quite general.  110 

The basic set of fatality data from Právo and Novinky.cz was further verified, and sometimes supplemented, by reports from 

further documentary sources, such as other national or local newspapers, professional reports/papers or specialist articles, 

either published in print or available online. 

2.2 Data from the Czech Statistical Office 

Mortality yearbooks for the Czech Republic, arranged according to cause of death, sex and age are published by the Czech 115 

Statistical Office (CSO). They contain detailed summary data, specified with respect to various additional facts concerning 

any given year for the entire Czech Republic as well as its administrative units (CSO, 2020a, 2020b). Using the Office codes 

for cause of death employed on death certificates, the study herein considered: W00 – fall on ice or snow; X30 – exposure to 

excessive natural heat; X31 – exposure to excessive natural cold; X32 – exposure to solar radiation; X33 – lightning 

casualty; X36 – avalanche, landslide or other earth movement casualty; X37 – natural catastrophic storm casualty; X38 – 120 

flood (inundation) casualty; X39 – exposure to other and/or non-specified natural forces. Detailed CSO information about 

each death was gathered, including age, sex, level of education, place of permanent residence, date and code of death, 

supplemented from 2010 onwards by place of death. 

2.3 Czech police data 

The traffic police of the Czech Republic publish annual yearbooks of the accident rate on surface communications in the 125 

Czech Republic (PCR, 2020) which, among other matters, contain overviews of accidents in relation to weather conditions. 

This includes the numbers of fatalities occurring during fog, the onset of rain and light rain, rain, snowfall, rime and glaze 
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ice, gusty winds and other inclement weather conditions. A further table relates to fatalities with respect to the state of the 

road, where weather-related data include categories wet (road); glaze ice and snow – dusted; glaze ice and snow – non-

dusted; continuous snow – slushy; sudden change (rime, glaze ice). Accidents are also categorised by visibility, specifying 130 

whether this deteriorated during the day due to the weather conditions (rain, fog) or during the night due to ambient 

conditions (with and without road lighting). 

3 Methods 

Fatality data from the Právo news outlets were first critically evaluated with respect to the quality and comprehensiveness of 

the reports. Those describing the circumstances leading to deaths, including detailed fatality data, were considered credible. 135 

Certain reports appeared in both the print version of Právo and in Novinky.cz, its internet equivalent. The latter tended to be 

more prompt in its reporting. Sometimes reports from the two sources complemented one another (e.g. by age of the 

deceased). Only fatal events that occurred within the territory of the Czech Republic were considered; weather-related deaths 

of Czech residents happening abroad were not taken into account. 

The data extracted were used to create a database of Czech weather-related fatalities, applying the structure of the MEFF 140 

database by Petrucci et al. (2019b). For each fatality, this includes (i) date; (ii) locality (i.e. place of the accident or event); 

(iii) type of weather event (see below); (iv) part (hour) of the day (morning 0400–0800 CET, forenoon 0800–1200 CET, 

afternoon 1200–1800 CET, evening 1800–2200 CET, night 2200–0400 CET); (v) name of the casualty; (vi) sex (male, 

female); (vii) age (exact in years or estimated: child 0–15 years, adult 16–65 years, elderly 66 years or more); (viii) cause of 

death (drowning, falling tree/branch, vehicle accident, underlying health reason, freezing to death/hypothermia, lightning 145 

strike, other reason); (ix) place of death (river/lake/reservoir/bank, within a building, road, open space in a built-up area, 

countryside, other place); (x) type of fatality (direct, indirect); (xi) behaviour (non-hazardous and hazardous); and (xii) 

source of information. If any of these items was not available, the corresponding entry was categorised as “unknown 

(absent)”. 

An example of the interpretation of a fatality report reads: “On 4 July 2009 [date] at c. 1800 hours [time] at Benešov nad 150 

Ploučnicí [locality], 40-year-old [age] woman [sex] Naděžda Rubnerová [name] drowned [cause of death] in the River 

Ploučnice [place of death (for localities in the Czech Republic see Fig. A1)] during a flash flood [event]. She was carried 

away by a torrent of water [direct casualty] while helping to rescue a wheelchair-bound woman [non-hazardous behaviour].” 

(Idnes.cz, 2020) [source]. 

For the purposes of this study, the general term “weather-related fatalities” refers to all fatalities directly attributable to 155 

meteorological or hydrological phenomena (windstorm, lightning, flash-flood, etc.), or those in which weather phenomena 

contributed to circumstances that finally led to death(s) in combination with other factors (e.g. vehicle accidents during 

inclement weather conditions). Thus, this approach does not represent the occurrence of meteorological or hydrological 

extremes in the statistical sense based, for example, on return periods or low percentiles derived from corresponding 
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statistical distributions. Because of the great variety of different weather-related effects, any reasonable presentation of 160 

fatality numbers and their basic features must be categorized; for the purposes of this paper, they have been divided into ten 

categories, which are described in Table 1. 

 

Table 1. Categories of weather-related fatalities and their short description 

Category Description 

flood 

cases arising out of single-day or multi-day rainfall during precipitation-rich synoptic situations 

(rainy floods), of sudden melting of deep snow cover (snow floods) and of a combination of snow-

melt and rainfall, sometimes with ice jams in the rivers (mixed floods); flash floods arising from 

cloudbursts or torrential rains during thunderstorms 

windstorm 
strong winds resulting from large horizontal gradients of air pressure, lasting from a few hours to 

some days 

convective storm 
phenomena associated with the development of cumulonimbus cloud: very strong wind (e.g. squall, 

tornado, downburst), lightning strike, downpour (not causing a flash flood), and hail 

rain rain and wet street communications surfaces/tracks 

snow snow calamity and avalanche 

glaze ice ice-patches or glaze-ice cover on streets, roads and communications 

frost 
severe frosts occurring as a part of cold spells, bodies of water insufficiently frozen for the activity 

undertaken on ice 

heat extremes of high temperature occurring in the course of heat waves 

fog cases of significantly decreased horizontal visibility due to fog 

other events 
cases of very rare events that could not be attributed to any of the previous categories (landslide, 

rime, “bad” weather) 

 165 

With respect to the limited length of the series of weather-related fatalities (20 years) compiled, and due to deviations from 

normality in data distribution within certain categories, trend analysis of fatalities was based on two approaches. The first 

employed a simple regression model based on least-squares estimate and evaluation of the statistical significance of slopes, 

based on the t-test. The second – nonparametric – approach evaluated the significance of the trend by means of the Mann-

Kendall (Kendall, 1975) test and Sen’s method for assessment of the magnitude of the trend. In the latter approach, the data 170 

need not conform to any particular distribution. These two different methods were considered sufficient to provide a robust 

estimate of trends. 

Fatalities in each category were analysed in detail in terms of their annual numbers, with linear trend estimated from least 

squares (statistical significance was set at the level of 0.05), of annual variations, spatial distribution and features according 

to cause of death, type of fatality, place of death, time of death, age, sex and behaviour (Figs. 1–9). The same was performed 175 

for all groups together (Fig. 10) and separately for fatalities in vehicle accidents (Fig. 11). Some of these characteristics were 
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considered in analyses based on the official demographic databases of the CSO (Fig. 12) and/or the police database of 

vehicle accidents (Fig. 13). 

Numbers of fatalities were presented at monthly, seasonal (winter – DJF, spring – MAM, summer – JJA, autumn – SON), 

half-year (winter – October to March, summer – April to September), and annual levels. 180 

4 Results 

4.1 Fatalities in individual weather categories 

4.4.1 Flood 

During the 2000–2019 period, floods in the Czech Republic contributed to the deaths of 112 people, an average of 5.6 

fatalities a year, of which 39 (34.8 %) were attributed to flash floods. The maximum of 21 fatalities occurred in 2002, 185 

associated with an exceedingly heavy flood in August in Bohemia (Hladný et al., 2004; 17 fatalities), followed by 18 

fatalities in 2010 and 2013, when further extraordinary floods struck the Czech Republic (Fig. 1a). No flood fatalities 

occurred in 2003, 2004 and 2016. The numbers of fatalities exhibit a statistically insignificant decreasing trend. In terms of 

annual distribution, the maximum number of fatalities appeared in June (33.9 %), followed by August (25.0 %), with a high 

proportion of flash-flood-related fatalities during JJA (Fig. 1b). Spatial distribution indicated that flood-related fatalities were 190 

more frequent in Bohemia, the western part of the Czech Republic, than in Moravia, its eastern part, where a higher 

concentration of fatalities was recorded in eastern Moravia (Fig. 1c). While 83.0 % of casualties drowned, 10.7 % died due 

to health problems (e.g. heart failure during rescue work) (Fig. 1d). A total of 82.1 % of fatalities were evaluated as “direct” 

(Fig. 1e). As might well be expected, 70.5 % of the fatalities took place in running water or close it; 16.1 % died in 

collapsing buildings (Fig. 1f). Despite the fact that the times of death were not specified for over half the fatalities, a local 195 

maximum appeared in the evening (Fig. 1g). In the demographic structure of fatalities, adults (58.0 %) and males (73.2 %) 

clearly predominated (Fig. 1hi). Non-hazardous behaviour among flood fatalities was more prevalent than hazardous (43.8 % 

to 38.4 %) (Fig. 1j). 
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Figure 1. Characteristics of flood fatalities (1 – flood, 2 – flash flood) in the Czech Republic during the 2000–2019 period: a) 200 
fluctuation with linear trend (top right, in fatalities/10 years); b) annual variation; c) spatial distribution (two fatalities lack exact 
locations); d) cause of death; e) type of fatality; f) place of death; g) part of the day; h) age; i) sex; j) behaviour. Symbols and 
abbreviations: A – drowning, B – tree/branch fall, C – vehicle accident, D – underlying health reason, E – freezing to 
death/hypothermia, F – lightning strike, G – other reason; a – river/lake/reservoir/bank, b – within a building, c – road, d – open 
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space in built-up area, e – open countryside, f – other place; mo – morning, fn – forenoon, an – afternoon, ev – evening, ni – night; 205 
M – males, F – females; X – unknown. 

4.1.2 Windstorm 

Windstorms claimed 37 fatalities in the Czech Republic during the 2000–2019 period, an average of 1.8 fatalities a year. 

While nine fatalities were recorded in 2017 (four people died as a result of Storm Herwart on 29 October), no windstorm-

related fatalities were recorded for nine years (in particular between 2012 and 2019, apart from 2017) (Fig. 2a). The 210 

infamous Storm Kyrill was responsible for six deaths on 18–19 January 2007. Windstorm-related fatalities exhibit a 

statistically insignificant decreasing linear trend. In terms of annual variation, the highest proportion of fatalities appeared in 

October (21.6 %), followed by January (18.9 %); 81.1 % of all windstorm-related fatalities occurred in the winter half-year 

(Fig. 2b). The geographical distribution of fatalities indicated higher occurrence in the southern part of the Czech Republic, 

in central and northern Bohemia (Fig. 2c). More than half the fatalities (56.8 %) resulted from falling trees or their branches, 215 

and nearly a fifth (18.9 %) were attributable to other reasons, such as a falling roof or a person falling from a damaged roof 

during attempted repairs; 10.8 % drowned in strong-wind-related boating incidents on lakes and reservoirs (Fig. 2d). A total 

of 86.5 % of fatalities were interpreted as “direct” (Fig. 2e). Among places of death, open spaces in built-up areas (35.1 %), 

roads (24.3 %) and the open countryside (21.6 %) were reported (Fig. 2f). Most fatalities occurred in the afternoon (37.8 %), 

but time of day was absent for 32.4 % (Fig. 2g). Adults (75.7 %) and males (83.8 %) clearly predominated among reported 220 

fatalities (Fig. 2hi). The percentage of fatalities involving non-hazardous behaviour was significantly higher than that for 

hazardous (67.6 % to 27.0 %) (Fig. 2j). 
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Figure 2. Characteristics of windstorm-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with 
linear trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution; d) cause of death; e) type of fatality; f) place 225 
of death; g) part of the day; h) age; i) sex; j) behaviour. For explanation of symbols and abbreviations see Fig. 1. 
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4.1.3 Convective storm 

A total of 46 fatalities were attributed to convective storms in the Czech Republic during the 2000–2019 period, an average 

of 2.3 fatalities a year: 17 (37.0 %) were caused by strong winds, 15 (32.6 %) by lightning strikes, eight (17.4 %) by 

downpour or hail and six (13.0 %) were simply indicated as having occurred “during a thunderstorm”. Fatalities reached a 230 

maximum of six in 2007 and 2008, while none were recorded in 2011–2013 and 2016 (Fig. 3a). The associated decreasing 

linear trend of 1.7 fatalities/10 years was statistically significant at the 0.05 level. All the fatalities recorded occurred during 

the summer half-year, with a maximum in June (32.6 %), followed by July (21.7 %) (Fig. 3b). The geographical distribution 

features a higher concentration over Bohemia in a belt extending from the south-west to the north-east (Fig. 3c). Falling trees 

or their branches and lightning strikes led to equal numbers of deaths (30.4 % each), followed by vehicle accidents at 19.6 % 235 

(Fig. 3d). A total of 63.0 % of all these fatalities were classified as “direct” (Fig. 3e). Among places of death, roads (30.4 %), 

open spaces in built-up areas (23.9 %) and open countryside (19.6 %) were the most frequent (Fig. 3f). Most fatalities 

occurred in the afternoon (41.3 %) (Fig. 3g). Adults (78.3 %), males (60.9 %) and hazardous behaviour (52.2 %) 

predominated in fatalities resulting from convective storms (Fig. 3hij). 
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 240 

Figure 3. Characteristics of convective-storm-related fatalities (1 – lightning strike, 2 – strong wind, 3 – during a thunderstorm, 4 – 
downpour, hail) in the Czech Republic during the 2000–2019 period: a) fluctuation with linear trend (top right, fatalities/10 years); 
b) annual variation; c) spatial distribution; d) cause of death; e) type of fatality; f) place of death; g) part of the day; h) age; i) sex; 
j) behaviour. For explanation of symbols and abbreviations see Fig. 1. 
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4.1.4 Rain 245 

Rain led to 205 fatalities in the Czech Republic during the 2000–2019 period, an average of 10.2 fatalities a year. A 

maximum of 26 fatalities occurred in 2001, followed by 23 in 2014; only two occurred in 2003 and 2004 (Fig. 4a). A 

decreasing but statistically insignificant trend was evident. In terms of annual distribution, nearly half the fatalities (49.8 %) 

occurred in the summer months, with the highest proportion in July (21.5 %). Proportions in the months of the other three 

seasons did not rise above 10 % (Fig. 4b). Rain-related fatalities were distributed over the whole Czech Republic, with a 250 

higher concentration in some of the smaller regions and lower frequency near borders, for example, north-western, south-

western and southern Bohemia and south-western Moravia (Fig. 4c). Because all these fatalities occurred as consequences of 

vehicle accidents, they were classified as “indirect” with respect to accompanying inclement weather. They tended to occur 

in the afternoon (26.3 %) (Fig. 4d). In terms of structure, adults made up 68.3 % of fatalities (age not reported for 20 %) and 

males 65.9 % (Fig. 4ef). A total of 97.6 % the fatalities were classified as arising out of hazardous behaviour on the part of 255 

the victims, or of the driver(s) responsible for the accident. 
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Figure 4. Characteristics of rain-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with linear 
trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution (four fatalities lack exact location); d) part of the 
day; e) age; f) sex. For explanation of symbols and abbreviations see Fig. 1. 260 

4.1.5 Snow 

A total of 137 fatalities in the Czech Republic during the 2000–2019 period may be attributed to snow, an average of 6.8 

fatalities a year. While a maximum of 16 snow-related fatalities occurred in 2005 (15 in 2006), none was recorded in 2014 

(Fig. 5a). These data also include six fatalities (4.4 %) in avalanches (two in 2010, one each in 2006, 2008, 2009 and 2015). 

A decreasing linear trend reached 4.5 fatalities/10 years and was statistically significant. As is to be expected, snow-related 265 

fatalities occurred only in the months of the winter half-year (with the exception of a single fatality in April), with maxima in 

January (34.3 %) and February (29.2 %); the percentages for November and December were identical, at 12.4 % (Fig. 5b). In 
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terms of spatial distribution, snow-related fatalities tended to concentrate into a large number of smaller areas, while in some 

larger regions no localities with casualties were recorded at all (Fig. 5c). Vehicle accidents were involved in a total of 84.7 % 

of the fatalities (Fig. 5d), thus 94.9 % of them were classified as “indirect” (Fig. 5e). The percentage of people dying on the 270 

roads achieved 81.0 % (Fig. 5f); more than 5 % occurred in the built-up areas and in open countryside (avalanche casualties). 

While the time of day at which death took place remained unknown for 38.0 % of fatalities, the morning and afternoon 

proportions were 18.2 % and 17.5 % respectively (Fig. 5g). Despite the relatively high percentage of fatalities for which age 

was unspecified (29.2 %), 51.1 % were categorised as “adult” (Fig. 5h). Males accounted for 59.1 % of snow-related 

fatalities, and hazardous behaviour for 88.3 % (Fig. 5ij). 275 
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Figure 5. Characteristics of snow-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with linear 
trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution (12 fatalities lack exact location); d) cause of death; 
e) type of fatality; f) place of death; g) part of the day; h) age; i) sex; j) behaviour. For explanation of symbols and abbreviations 
see Fig. 1. 280 
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4.1.6 Glaze ice 

Glaze ice was responsible for 222 fatalities in the Czech Republic during the 2000–2019 period, an average of 11.1 fatalities 

a year. With a maximum of 24 fatalities in 2005 (23 in 2004) and a minimum of two fatalities in 2008, the 20-year series is 

characterised by a statistically significant decreasing linear trend of 7.1 fatalities/10 years (Fig. 6a). In terms of annual 

variation, glaze-ice fatalities occurred between October and April with a maximum in December (33.8 %), followed by 285 

January with 27.0 % (Fig. 6b). They occurred over the whole territory with higher concentrations in some areas, lower or 

none in others (Fig. 6c). Vehicle accidents were involved in a total of 95.0 % of glaze-ice fatalities (Fig. 6d), i.e. indirect 

casualties. The place of death was a road for 87.8 % of fatalities, and 9.0 % occurred on communications in built-up areas 

(Fig. 6e). Although exact time of death remained unknown for nearly a fifth of the fatalities, 36.5 % occurred during the 

morning (Fig. 6f). Adults (64.0 %) and males (66.7 %) predominated in the structure of fatalities, together with hazardous 290 

behaviour (96.4 %) on the part of the victims or those responsible for fatal accidents (Fig. 6ghi). 
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Figure 6. Characteristics of glaze-ice-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with 
linear trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution (eight fatalities lack exact location); d) cause 
of death; e) place of death; f) part of the day; g) age; h) sex; i) behaviour. For explanation of symbols and abbreviations see Fig. 1. 295 
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4.1.7 Frost 

A total of 360 frost-related fatalities rendered it the largest category of all those analysed in the Czech Republic during the 

2000–2019 period, providing an average of 18 fatalities a year. Maximum numbers were disclosed in 2010 (52) and in 2012 

(42), while in 2013 and 2015 only three were recorded (Fig. 7a). However, the relevant decreasing linear trend of 5.8 

fatalities/10 years was statistically insignificant. The highest percentage of frost-related fatalities appeared in January 300 

(34.7 %) and December (28.6 %). Beyond the months of the winter half-year, only one fatality was recorded, in April 

(0.6 %) (Fig. 7b). Since the majority of deaths occurred among the homeless, fatalities were partly concentrated into large 

cities/towns such as Prague (79), Ostrava (24) and Brno (15) (Fig. 7c). While most succumbed to freezing or hypothermia 

(96.4 %), the remainder concerned cases in which the ice on ponds, reservoirs or rivers was insufficient for the activity 

undertaken and people fell through it and drowned (Fig. 7d). A similar proportion (96.1 %) of fatalities were characterised as 305 

“direct” (Fig. 7e). Open spaces in built-up areas accounted for 48.3 % in place of death, followed by open countryside 

(18.6 %) (Fig. 7f). Exact times of death were difficult to establish, remaining unknown for 65.5 % of fatalities, while for 

29.2 % it was specified as occurring “at night” (Fig. 7g). Adults (66.9 %) and males (83.3 %) predominated among the 

further characteristics, followed by hazardous behaviour (68.1 %, but with 28.1 % unknown) (Fig. 7hij). 
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 310 

Figure 7. Characteristics of frost-related fatalities (1 – cold spell, 2 – ice) in the Czech Republic during the 2000–2019 period: a) 
fluctuations with linear trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution (six fatalities lack exact 
location); d) cause of death; e) type of fatality; f) place of death; g) part of the day; h) age; i) sex; j) behaviour. For explanation of 
symbols and abbreviations see Fig. 1. 
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4.1.8 Heat 315 

Only 20 fatalities in the Czech Republic were attributed to heat (heat waves) during the 2000–2019 period, an average of one 

fatality a year. Nine such cases were recorded in 2006, while in seven of the years only one fatality occurred, and none at all 

in 10 of the years. This is reflected in a statistically insignificant decreasing linear trend (Fig. 8a). Fatalities appeared only 

from May to August, with a maximum in June at 45.0 % (Fig. 8b). The spatial distribution of such a low number of fatalities 

reveals no features worthy of mention (Fig. 8c). Heart failure appears as the main cause of death, classified as “direct”. A 320 

total of 40.0 % of fatalities occurred in built-up areas, but place of death was not specified in records for 35.0 % (Fig. 8d). 

The time of day was not entered for 70.0 % of the fatalities (Fig. 8e). Despite the fact that deaths in the “adult” category 

remained the highest (45.0 %), the percentage of the elderly was significantly high (25.0 %), the same figure as the 

“unknown” category (Fig. 8f). Males made up 70.0 % of fatalities according to sex (Fig. 8g) and the behaviour of 50.0 % of 

the fatalities was interpreted as “non-hazardous” (Fig. 8h). 325 
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Figure 8. Characteristics of heat-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with linear 
trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution (four fatalities lack exact location); d) place of 
death; e) part of the day; f) age; g) sex; h) behaviour. For explanation of symbols and abbreviations see Fig. 1. 
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4.1.9 Fog 330 

Fog was responsible for 18 fatalities in the Czech Republic during the 2000–2019 period, an average of 0.9 fatalities a year. 

While five fatalities occurred in 2014, no such event was recorded for nine of the years (Fig. 9a). The rising linear trend was 

statistically insignificant. While 77.8 % of the fatalities occurred in SON, with a maximum in September (33.3 %), the 

remainder were recorded in the winter months (Fig. 9b). The geographical distribution for such a small number of cases is of 

a somewhat random character (Fig. 9c). Decreased visibility was evident in the 88.9 % of fatalities attributable to vehicle 335 

accidents; two fatalities (11.1 %) occurred in an aeroplane crash (Fig. 9d). These indirect casualties took place on roads 

(83.3 %), also partly in the countryside (aeroplane crash) and in built-up areas (Fig. 9e). Half the fatalities occurred during 

the morning (Fig. 9f). The predominance of adults (83.3 %), males (66.7 %) and hazardous behaviour (94.4 %) characterised 

other features of fog-related fatalities (Fig. 9ghi). 
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Figure 9. Characteristics of fog-related fatalities in the Czech Republic during the 2000–2019 period: a) fluctuation with linear 
trend (top right, fatalities/10 years); b) annual variation; c) spatial distribution; d) cause of death; e) place of death; f) part of the 
day; g) age; h) sex; i) behaviour. For explanation of symbols and abbreviations see Fig. 1. 
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4.2 Weather-related fatalities in total 

A total of 1164 weather-related fatalities were recorded in the Czech Republic during the 2000–2019 period, an average of 345 

58.2 fatalities a year. The maximum of 103 fatalities was recorded in 2010, the minimum of 18 in 2015 (19 in 2019) (Fig. 

10a). A decreasing trend of 25.0 fatalities/10 years proved statistically significant at the significance level of 0.05. Almost a 

third of the fatalities (30.9 %) were taken up by frost-related cases, followed by glaze ice (19.1 %), rain (17.6 %) and snow 

(11.8 %). While floods were responsible for 9.6 % of fatalities, other weather factors stood at well below 5 %. These 

proportions influence the annual distribution of fatalities, bringing the maxima to January (21.7 %) and December (18.0 %), 350 

while minimum fatalities was recorded in April (1.9 %) and September (2.7 %) (Fig. 10b). A clear predominance of fatalities 

appears in DJF (52.5 %), while JJA shows a slightly higher proportion (20.0 %) compared with MAM and SON (12.5 % and 

15.0 % respectively). A more marked difference appears in comparison of fatalities during the winter and summer half-

years: 72.0 % compared with 28.0 % respectively. Distribution of all weather-related fatalities over the territory of the Czech 

Republic features its highest concentrations in several areas, such as southern, central and northern Bohemia and eastern 355 

Moravia and Silesia. Because of the high percentage of casualties arising out of vehicle accidents, certain major 

highways/roads are also clearly distinguishable. In terms of individual locations, Prague predominates with 95 fatalities, 

followed by Ostrava (31), Brno (23) and Plzeň (21) (Fig. 10c). 
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Figure 10. Characteristics of weather-related fatalities (1 – flood, 2 – windstorm, 3 – convective storm, 4 – rain, 5 – snow, 6 – glaze 360 
ice, 7 – frost, 8 – heat, 9 – fog, 10 – other) in the Czech Republic during the 2000–2019 period: a) fluctuation with linear trend (top 
right, fatalities/10 years); b) annual variation; c) spatial distribution (36 fatalities lack exact locations); d) cause of death; e) type of 
fatality; f) place of death; g) part of the day; h) age; i) sex; j) behaviour. For explanation of symbols and abbreviations see Fig. 1. 
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Vehicle accidents are the most frequent causes of death (48.4 %), followed by those associated with cold spells leading to 

freezing or hypothermia (29.8 %); drowning takes up 10.1 % of fatalities (Fig. 10d). Weather-related indirect fatalities are 365 

more frequent than those classified as direct (54.8 % to 45.2 % respectively) (Fig. 10e). The majority of fatalities occur on 

roads and communications (47.4 %), followed by open spaces in built-up areas (21.9 %). The areas around running water 

and reservoirs or in open countryside take their toll (10.0 % and 9.1 % respectively) (Fig. 10f). Available data indicates that 

most deaths occur by night, but 39.7 % of fatalities were not attributed to any particular part of the day (Fig. 10g). In the 

structure of fatalities, the numbers of adults (64.6 %) and males (71.9 %) clearly predominate (Fig. 10hi). Over three-370 

quarters of fatalities (75.9 %) may be attributed to hazardous behaviour on the part of actual casualties or that of other people 

immediately responsible for their deaths (Fig. 10j). 

Of the total of 1164 weather-related fatalities, 66 (5.7 %) were identified as non-Czechs, in the country on business, holiday 

or only in transit. Among these people, those from neighbouring Slovakia (17 fatalities), Poland and Germany (10 fatalities 

each) suffered most. In addition to 12 other nationalities, 13 non-Czechs lacked exact specification of nationality. Nearly a 375 

third of all non-Czechs (30.3 %) fell victim to frost (e.g. the homeless), while the greatest part (51.5 %) died in vehicle 

accidents taking place during the occurrence of glaze ice, rain and snow. 

Because vehicle accidents were the cause of death for nearly half the weather-related fatalities in the Czech Republic during 

the 2000–2019 period, they were subjected to further, separate analysis. A total of 563 such fatalities (an average of 28.2 

fatalities a year) were distributed among five types of weather event: glaze ice – 211 fatalities (37.5 %), rain and wet roads – 380 

204 (36.2 %), snow – 116 (20.6 %), fog – 16 (2.8 %), and other events – 16 (2.8 %), of which nine fatalities were generally 

associated with thunderstorms. The maximum of 51 fatalities was recorded in 2005, the minimum of 10 in 2015. The data 

exhibits a statistically significant decreasing trend of 13.4 fatalities/10 years (Fig. 11a). Among individual events, decreasing 

linear trends were statistically significant for glaze ice and snow. Annual variation exhibits two maxima, primarily in the 

winter months, arising out of glaze ice and snow (January 19.2 %) and secondarily in the summer months in response to rain 385 

(July 7.8 %) (Fig. 11b). In the spatial distribution of fatalities, concentrations around main roads/highways, or certain parts 

of them, together with the main routes out of the country, are apparent (Fig. 11c). All fatal vehicle accident casualties were 

classified as “indirect deaths” and most of them (96.8 %) fell within the “hazardous behaviour” category, while 94 % of all 

fatal casualties occurred on roads between towns or villages and the remaining 6 % in built-up areas and the countryside. 

Although the times day at which death occurred are absent for 21.1 % of fatalities, they were for the greater part recorded in 390 

the morning (24.7 %) (Fig. 11d). Adults made up 63.9 % of fatalities and numbers of deaths among the elderly were slightly 

higher than those for children (6.3 % and 5.3 % respectively) (Fig. 11e). There were more than twice as many male fatalities 

as female (64 % and 29 % respectively) (Fig. 11f). 
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Figure 11. Characteristics of vehicle accident fatalities with regard to weather events (1 – rain and wet roads, 2 – glaze ice, 3 – 395 
snow, 4 – fog, 5 – other inclement weather) in the Czech Republic during the 2000–2019 period: a) fluctuation with linear trend 
(top right, fatalities/10 years); b) annual variation; c) spatial distribution (21 fatalities lack exact locations); d) part of the day; e) 
age; f) sex. For explanation of symbols and abbreviations see Fig. 1. 

4.3 Weather-related fatalities according to official data 

4.3.1 Demographic database of the CSO 400 

Fluctuations in fatalities associated with selected causes of death (as specified and coded in Section 2.2 according to the CSO 

database), with linear trends and annual variations in the 2000–2019 period, appear in Fig. 12 and in Table 2. Excessive 

natural cold (X31) was responsible for the highest number of weather-related fatalities: 2407 victims in the 2000–2019 
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period (Table 2). Fatalities of this type exhibited a statistically significant increasing linear trend, in similar fashion to 

fatalities arising out of excessive natural heat and solar radiation together (X30+X32) (Fig. 12). The percentages of male 405 

victims (71.1 %–83.9 %) predominated over those of females in each of the five fatality types (Table 2). While the elderly 

predominated (80.4 %) in fatalities caused by falls on ice or snow (W00), adult deaths were the most frequent in the 

remaining four types. Higher percentages of elderly fatalities were also recorded for types X30+X32 and X31. 
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Figure 12. Fluctuations with linear trends (a) and annual variations (b) of fatalities associated with selected types of death in the 410 
2000–2019 period according to the Czech Statistical Office database: W00 – fall on ice or snow, X30+X32 – excessive natural heat 
and solar radiation, X31 – excessive natural cold, X33 – lightning strike, X36+X37+X38+X39 – avalanche, landslide or other earth 
movements, natural catastrophic storm, flood (inundation), and other and non-specified natural forces. 
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Table 2. Number of fatalities and their features according to the Czech Statistical Office database in the 2000–2019 period: W00 – 
fall on ice or snow, X30+X32 – excessive natural heat and solar radiation, X31 – excessive natural cold, X33 – lightning strike, 415 
X36+X37+X38+X39 – avalanche, landslide or other earth movements, natural catastrophic storm, flood (inundation), and other 
and non-specified natural forces  

Category 
Number of fatalities Sex (%) Age - years (%) 

total max/year month/% male female 0–15 16–65 >65 

W00 46 
5/2003, 

2008, 2010 
Jan/32.6 73.9 26.1 0.0 19.6 80.4 

X30+X32 38 7/2017 Jun/34.2 71.1 28.9 2.7 52.6 44.7 

X31 2407 186/2010 Jan/25.1 75.5 24.5 0.1 67.4 32.5 

X33 23 5/2008 Aug/30.4 78.3 21.7 8.7 91.3 0.0 

X36+X37+X38+X39 31 7/2009 Jun/25.8 83.9 16.1 9.7 77.4 12.9 

4.3.2 Police database of vehicle accidents 

As reported in Section 2.3, the police yearbooks recording the accident rate in the Czech Republic facilitate the creation of 

series of fatalities associated with vehicle accidents in relation to weather conditions. Such conditions are classified by the 420 

police as: fog, onset of rain and light rain, rain, snowfall, rime and glaze ice, gusty winds, and other inclement weather 

patterns. A mean of 879.4 fatalities per year due to vehicle accidents was recorded for 2000–2019, of which almost a fifth 

(163.2, i.e. 18.6 %) occurred during inclement weather patterns (Fig. 13a). Absolute maxima of individual weather-related 

events occurred in the years 2000–2002, with minima in 2017–2019. Of the total number of 3265 fatalities in which 

inclement weather conditions were involved, rainy weather was the predominating factor (rain 35.7 %, onset of rain and light 425 

rain 25.2 %, i.e. 60.9 % altogether), followed by fog (11.1 %), snowfall (10.4 %), rime and glaze ice (8.4 %), other inclement 

weather patterns (7.7 %) and gusty winds (1.5 %). Considering the proportion of fatalities arising out of deteriorating 

weather against total fatalities in the individual years, percentages fluctuated between 27 % in 2001 and 13.3 % in 2019, 

while after a local maximum in 2010 (19.9 %), this decreased steadily to a minimum in 2019 (Fig. 13b). All series of 

fatalities, whether associated with all inclement weather patterns or to their individual groups, exhibited statistically 430 

significant decreasing linear trends, at a significance level of 0.05, for the 2000–2019 period. 
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Figure 13. Fluctuation in (a) the annual number of all vehicle-accident fatalities including those during inclement weather 
conditions and in (b) their relative percentage of the relevant annual number of vehicle-accident fatalities in the Czech Republic 
during the 2000–2019 period (1 – fog, 2 – onset of rain and light rain, 3 – rain, 4 – snowfall, 5 – rime and glaze ice, 6 – gusty wind, 435 
7 – other inclement weather patterns). Data according to police database of vehicle accidents. 

5 Discussion 

5.1 Data uncertainty 

The newly-created database of weather-related fatalities developed for the purposes of this study and based on documentary 

data suffers from certain data uncertainties. These have been previously mentioned in, for example, contributions addressing 440 

the use of documentary data in historical climatology (Brázdil et al., 2005, 2010) and in historical hydrology (Brázdil et al., 
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2006). Newspaper reports have served as a vital source in the creation of databases of weather-related fatalities, to the point 

at which the approach has become quite common practice. They have been used, for example, for Switzerland (Hilker et al., 

2009), Portugal (Zêzere et al., 2014), southern France (Vinet et al., 2016), Calabria in southern Italy (Aceto et al., 2017; 

Petrucci et al., 2018) and Mallorca (Grimalt-Gelabert et al., 2020). The results of working with Czech newspaper data over a 445 

20-year period may be influenced by the profound changes in society, both in the media market and in internal changes in 

the actual newspaper employed. The publisher and editor-in-chief of any given newspaper decide strategy. They are subject 

to a wide and complex range of influences: how much space will be devoted to certain kinds of information, largely on the 

basis of the situation on the media market and perceived interest of target readers, and sometimes the political orientation of 

the news source. Further, in the background lie personnel changes, reduction of regional editorial staff (largely in the light of 450 

digitization), different quantities of space given to regional and countrywide reporting, advertising space (influencing both 

space for other reports and arising out of reluctance to report matters that might offend advertisers), competition in reporting, 

and availability of regional/local news from other bodies such as the police or the Czech Press Agency. Reader fatigue is 

also important; certain kinds of fatal event became ever-more-familiar and reader interest wanes. Moreover, the real number 

of fatalities may also be underestimated, particularly in situations involving the severely injured being taken to hospital (e.g. 455 

after a vehicle accident, falling trees/branches, hypothermia etc.). Only seldom, and if the follow-up is deemed in some-way 

“remarkable”, additional information is later to be found, i.e. if injured people really died. All the above circumstances may 

be reflected in spatial and temporal non-homogeneity of fatality data derived from documentary evidence. It should therefore 

be borne in mind that the database created for the purpose of this research tends to represent a somewhat lower estimate of 

weather-related fatalities. 460 

All the above serves to highlight the vital role played by critical evaluation in the use of documentary sources, especially 

with reference to fatality data. Inclusion in the database herein gave preference to reports containing more detailed 

information concerning a given fatality, particularly those that provided name (sex), age, place and the specific cause of 

death. The team has remained aware of the drawbacks of employing only information summarising the total number of 

fatalities during any given event or period. This is also a tendency typical of the reporting of disastrous natural events, in 465 

which descriptions of material damage often take precedence over more personal matters, such as detailed descriptions of 

place, time and cause of fatalities. Reporting fatalities without the necessary details may result either in underestimation of 

real numbers on the one hand, or even exaggeration of them on the other. 

Other types of bias may also appear in official databases, such as those of the CSO. Determination of cause of death on a 

death certificate is based on some degree of subjective perception on the part of the doctor filling it out. Even the most 470 

experienced health workers are forced to select from a broad scale of “official” definitions, in which certain categories may 

be understood differently by individual doctors (e.g. excessive natural heat, excessive solar radiation, and non-specified 

natural forces). While the database herein includes all weather-related fatalities that occurred in the Czech Republic, CSO 

collects only data concerning Czech citizens, excluding the deaths of non-Czechs on Czech territory and including deaths of 
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Czechs that take place beyond the borders. The integration and cross-checking of data between our database and that of the 475 

CSO is complicated by the fact that information about place of death has only appeared in the latter since 2010. 

5.2 Weather-related fatalities in different databases 

Weather-related fatalities in our database may be discussed in relation to those of CSO and police vehicle accident reports, 

although they are not fully comparable. If frost-related fatalities (Fig. 7) are considered against “fatalities due to excessive 

natural cold” according to the CSO (Fig. 12, X31), the CSO fatality figure is seven times higher, with a statistically 480 

significant rising linear trend (in contrast to the decreasing and insignificant trend in our database). Both series agree upon a 

maximum of fatalities in 2010 and during January and December in annual variation. While the CSO database gives 

fatalities in every month of the year, no casualty was identified from May to September in our database. Both databases 

show that the highest percentage of fatalities occurs among males and adults, but they differ more widely in percentages of 

the elderly (32.5 % for CSO and only 10.3 % in our database, but with 21.4 % of fatalities of unknown age in the latter). 485 

The above two fatality datasets may be compared in terms of selected characteristics of DJF severity in the Czech Republic, 

as calculated from 268 homogenised temperature series. These DJF series included mean temperature, mean minimum 

temperature Tmin, numbers of frosty days with Tmin ≤ −0.1 °C, and numbers of days with Tmin ≤ −5.0 °C and Tmin ≤ −10.0 °C). 

Our database exhibits a closer relationship between fatalities and temperature characteristics than that of CSO. Statistically 

significant Pearson correlation coefficients lie between 0.63 (number of frosty days) and 0.87 (number of severe frost days 490 

with Tmin ≤ −10.0 °C); the situation is opposite for the CSO database – between 0.53 (number of severe frost days with Tmin ≤ 

−10.0 °C) and 0.61 (number of frosty days). This reflects the higher degree of press attention paid to fatalities, particularly 

among the homeless, during severe cold spells, than is the case of less extreme temperatures over the whole DJF period. 

Figure 14 shows the relevant DJF correlation fields for the highest correlation coefficients in the two datasets and 

fluctuations in fatalities and selected temperature characteristics in the 2000–2019 period. Extending this analysis to the 495 

whole winter half-year, the corresponding correlation coefficients are lower than is the case for DJF. 
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Figure 14. Relationships between DJF frost-related fatalities and temperature characteristics for the database created herein (a, b) 
and that of the Czech Statistical Office (c, d) in the 2000–2019 period: correlation fields of number of fatalities (a) with the number 
of severe frost days (with Tmin ≤ −10.0 °C) and (c) with the number of frosty days; fluctuations (b) in the number of fatalities 500 
(columns) together with the number of severe frost days (with Tmin ≤ −10.0 °C, red line) and (d) in the number of fatalities 
(columns) together with the number of frosty days (red line). 

Although the CSO category “fall on ice or snow” (W00), with 46 fatalities, has no equivalent category in our database, nine 

such fatalities appear in it. This difference can be attributed in part to fatal skiing falls on recreational slopes, which we did 

not consider. Fatalities arising out of lightning strikes (X33) return slightly higher figures in CSO: 23 casualties against 15 in 505 

our data collection. However, the CSO database does not make clear whether all the accidents occurred within Czech 

territory. For example, reported lightning fatalities on 26 February 2003 (without location) and 14 October 2017 (Vysoká 

Pec given as location) are not confirmed by any thunderstorm record from a meteorological station in the Czech Republic. 

There are three further fatalities dated to 2015, 2016 and 2017 in CSO that were not found in any of the print or internet 

documentary sources. 510 

On the other hand, the total of 31 fatalities from other natural forces in CSO (Fig. 12) appears to be significantly 

underestimated: X36 – 11 fatalities, X37 – 6 fatalities, X38 – 11 fatalities, X39 – 3 fatalities. Our database also includes 11 

fatalities (six avalanche-related and five from landslides), as reported for X36 category in CSO. However, only six fatalities 

in CSO category X37 (natural catastrophic storm) do not compare well with the 32 direct casualties in “windstorms” and 14 

in “strong winds during convective storms” in our database. Similarly, only 11 fatalities in the CSO X38 category (floods) 515 
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stands far lower than our 92 direct casualties during floods. The CSO X39 category (other and non-specified natural forces), 

does not make clear what was included in it, rendering it impossible know with which fatalities from our database it could be 

compared. 

Heat-related fatalities are deeply underestimated in both our database and that of the CSO (X30 category) (20 and 30 

fatalities respectively). The two independent series return statistically insignificant linear trends. The study herein did not 520 

give particular attention to heat-wave-related mortality, since there exist a plethora of such Czech analyses (among them 

Kyselý and Kříž, 2008; Kyselý and Plavcová, 2012; Knobová et al., 2014; Hanzlíková et al., 2015; Urban et al., 2017; 

Arsenović et al., 2019). Different data and other approaches to analysis have been utilized. Taking into account the 

outstanding heat waves of 2003, 2006, 2010, 2013 and 2015–2018 from references, a noticeable peak in our database of 

fatalities appeared in 2006 and only two, in 2013 and 2017, in the CSO database (see Figs. 8 and 12). 525 

As might be anticipated, fatalities arising out of vehicle accidents relating to inclement weather conditions are 

underestimated quite sharply in our database (Section 4.2, Fig. 11) in comparison with those reported in the official police 

yearbooks (Section 4.3.2, Fig. 13): our 563 detected fatalities represent under a fifth (17.2 %) of those in police statistics. 

However, the linear trends for the series in both databases exhibit statistically significant decreases. Although the categories 

of weather events are not the same, the differences in their corresponding percentages are very large. Compared with official 530 

police data, our database overestimates percentages heavily for glaze ice (37.5 % to 8.4 %) and snow (20.6 % to 10.4 %) and 

underestimates for rain (36.2 % to 35.7 % plus 25.2 % for “onset of rain and light rain” police category), fog (2.8 % to 

11.1 %) and other inclement weather (2.8 % to 9.2 %). The above discrepancies in our data compared with police data may 

be explained by the nature of public information concerning vehicle accidents. The greater part of vehicle accidents reported 

in the press only seldom provide details of ambient weather patterns, perhaps in the event of snow or glaze-ice calamities, or 535 

when major highways are closed by weather (and consequent accidents). From reports of the type that “driver did not adapt 

speed to road conditions” or “the reason for the accident is subject to further investigation”, it is impossible to derive weather 

information. Similar interpretation difficulties exist for vehicle accidents described as “skid on slippery road”, which we 

interpreted as glaze ice during the winter months. Of course, not every vehicle accident with casualties was reported in the 

press, although the total numbers of fatalities generated by an extreme event, or at any particular weekend, were often 540 

mentioned without necessary details. 

Despite all these uncertainties, our database contrasts with other, official, databases in providing more detailed information 

about the circumstances surrounding fatalities and permits a more complete overview of the causes and consequences of 

fatal events. 

5.3 The broader context 545 

Beyond the work herein, in which our figures for weather-related fatalities are considered against the databases kept by the 

CSO and the Czech police, there is a shortage of similar papers for direct comparison of results. For the Czech Republic, 

Daňhelka (2018), reported the creation of the Czech Hydrometeorological Institute database of disastrous historical 
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phenomena and their impacts from 1993 onwards. This provided figures of 235 fatalities that broke down into 126 males, 47 

females and 62 without sex specification. In particular, he mentioned 96 fatalities for the 2005–2015 period (42 – floods, 21 550 

– flash floods, 16 – frost and snow, 9 – windstorms, 6 – lightning and avalanches, 2 – landslides), a gross underestimate 

considered against the 406 fatalities for these six categories in our database for the same period. A very preliminary database 

of weather-related fatalities in the Czech Republic that appears in Brázdil et al. (2019b) included only 181 fatalities for 

2000–2018, as against the 1145 casualties herein. The numbers of flood-related fatalities in the Czech Republic mentioned 

by Brázdová (2012), 56 for 2000–2010, and 65 for 2000–2013 reported by Punčochář (2015), are significantly lower than 555 

those in our database (81 and 103 fatalities respectively). The European Severe Weather Database, maintained by the 

European Severe Storms Laboratory, has a record of weather-related fatalities in Europe covering 1981 onwards (Dotzek et 

al., 2009). It reports 33 such fatalities in the Czech Republic for 2003–2018. The majority of fatal events were attributable to 

floods (60 %), followed by strong winds (27 %) and lightning strikes (9 %). 

In other European countries, Badoux et al. (2016), addressing the 1946–2015 period for Switzerland, found an average of 560 

14.7 fatalities a year. Terrain that includes the Alps inevitably dictated that the highest percentage of fatalities was 

attributable to snow avalanches (37 %). This was followed by lightning strikes (16 %), floods (12 %), windstorms (10 %), 

rockfalls (8 %), landslides (7 %) and “other processes” (9 %). Antonescu and Cărbunaru (2018) recorded 724 lightning 

fatalities between 1999 and 2015 in Romania, an average of 42.6 fatalities a year; they identified males aged 10–39 years in 

rural areas as the most vulnerable group. More recently, Špitalar et al. (2020) reported 74 flood fatalities resulting from 10 565 

floods in Slovenia between 1926 and 2014. 

Some of the data concerning flood-related fatalities from our Czech database was integrated, together with that from eight 

other regions, mainly Mediterranean, into the EUFF database for an analysis of the 1980–2018 period, performed by Petrucci 

et al. (2019a). While fatality series for Greece, Italy and southern France indicated increasing trends, the opposite was 

evident for Turkey and Catalonia (Spain). The remaining regions –  Portugal, the Balearic Islands, Israel and the Czech 570 

Republic – exhibited quite stable linear trends. In more detail, the structure of total 2466 flood fatalities in the EUFF 

database detected features similar to those disclosed in our analysis (see Fig. 1): a prevalence of male fatalities aged 30–49 

years, the majority of deaths outdoors, drowning as a primary cause of death, followed by indirect deaths arising out of heart 

failure. Casualties were most frequent in vehicles carried away by water or mud. Paprotny et al. (2018), in an analysis of 

floods that did damage in 37 European countries from 1870 onwards, found a substantial decrease in flood fatalities, despite 575 

increases in annually inundated areas and the numbers of people affected. 

Sharma et al. (2020) investigated over 4000 winter drowning events resulting from falling through ice in the course of a 

range of activities, covering 10 Northern Hemisphere countries in the 1991–2017 period. Children and adults aged up to 39 

years were at the highest risk. They maintained that the potential for this type of accident was rising with warmer winters. 

Our database documents only 14 such fatalities during 2000–2019, occurring especially when crossing or skating on 580 

insufficiently frozen water bodies of natural or anthropogenic origin or as a result of hazardous behaviour on the part of 

children (29 %), adults (36 %) or the elderly (21 %). Age was not specified for two of the casualties. 
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Summarising the results of trend analysis for weather-related fatalities in the Czech Republic during the 2000–2019 period, 

statistically significant decreasing linear trends were revealed by both methods of linear trend calculation for convective 

storms, glaze ice, snow and all weather-related fatalities, as well as for windstorms according to the Mann-Kendall test. The 585 

remaining categories of weather-related fatalities returned statistically insignificant trends. In the CSO database, statistically 

significant rising fatality trends emerged for categories X31 (excessive natural cold) and X30+X32 (excessive natural heat 

and solar radiation) according to both methods applied. The trend lines appearing in Figs. 1–13 show lower values of slope 

for Sen’s estimate, since this approach is less sensitive to outliers, providing reliable results even in situations where one 

extremely high value may influence the slope of the trend line in the classical least-square regression method (Gilbert, 1987). 590 

In this sense, our estimate of significant trends provides quite consistent results. These trends may be compared with those in 

other contributions. For example, Analitis et al. (2008), addressing 15 European cities in 1990–2000, maintain that a 1 °C 

decrease in October–March temperatures contributed to a 1.35 % increase in the daily number of total natural deaths, with 

comparable or higher increases in cerebrovascular (1.25 %), cardiovascular (1.72 %) and respiratory (3.30 %) deaths. 

Plavcová and Urban (2020), using mortality data for the Czech Republic for 1982–2017, recorded that sudden rises in 595 

minimum temperature and drops in pressure had a generally significant impact on excess mortality, by 3.7 % and 1.4 % 

respectively. This impact was significantly exacerbated if the two events occurred simultaneously or when they were 

compounded by other extremes (heavy precipitation, snowfall, maximum temperature rise) and combinations thereof 

(14.4 %). Holle (2016) reported a large reduction in lightning fatality rates for western Europe and some other regions during 

recent years, associating it with changes in society from the largely rural, agricultural to the primarily urban. Franzke and 600 

Torelló i Sentelles (2020), collating figures worldwide, found statistically significant increasing trends for heat-wave- and 

flood-related fatalities. 

Statistically significant decreasing trends also appear in the numbers of Czech fatalities associated with vehicle accidents 

taking place in bad weather conditions such as rain, snow, glaze ice, fog, etc. if conclusions are based on the authors’ 

database and that of the police in 2000–2019. Although the majority of these cases take place during the winter half-year, in 605 

which warmer winters with “better” weather for traffic may play some role, the influence of other factors may be higher. 

These could include such matters as safer cars, better roads and their closer maintenance, weather forecasting, general media 

warnings before particularly adverse weather, raising of public awareness of road safety, and improved emergency services 

and health systems, among other things. Trends in the Czech Republic are partly, for example, in agreement with Andrey et 

al. (2010), who disclosed a downward trend in the relative risk of casualty during rainfall and no significant change during 610 

snowfall in an analysis of 1984–2002 data concerning weather-related crash risk in automobile transport in 10 Canadian 

cities. Similarly, a decrease in total and rain-related fatal crashes was reported for Texas (USA) in the 1994–2018 period 

(Han and Sharif, 2020a). Decreases in weather-related and total fatalities in vehicle accidents are also clearly expressed in 

European trends. For example, the number of fatalities in traffic accidents in Germany fell from 7503 in 2000 to 3046 in 

2019 (BASt, 2021). Similar tendencies follow from road-death statistics across 31 European countries during the 2001–2019 615 
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period. Of these, 21 countries recorded relatively larger decreases than the Czech Republic and 9 countries relatively smaller 

(see ETSC, 2021). 

The question remains open as to the extent to which variability and trends in weather-related fatalities may be attributed to 

specific factors in the light of the data uncertainty discussed in Section 5.1. Climate variability in recent decades, as 

documented by many climatological papers (see e.g. Brázdil et al., 2017, 2019a, 2021; Zahradníček et al., 2021), and socio-620 

economic factors, as mentioned for weather-related car accidents in the previous paragraph, all have parts to play. Each 

individual fatality is a synergy of different, largely random circumstances, including hazardous behaviour in many cases. 

Although Franzke and Torelló i Sentelles (2020) found that socio-economic factors had no significant direct impact on 

statistically significant increasing trends in heat-wave- and flood-related fatalities worldwide, and argued for the significant 

influence of climate variability on the numbers of fatalities, the authors maintain that, at regional or national scales, socio-625 

economic factors and hazardous behaviour may be of high importance. Of course, this in no way implies that the real and 

pressing effects of climate variability, as shown through the example of Fig. 14, should be overlooked. 

6 Conclusion 

The following conclusions may be drawn from this analysis of weather-related fatalities in the territory of the Czech 

Republic during the 2000–2019 period: 630 

(i) The weather-related fatality database for the Czech Republic in the 2000–2019 period, derived from the daily newspaper 

Právo and its internet counterpart Novinky.cz, partly supplemented by further documentary evidence, constitutes a unique 

data source for the study of the spatiotemporal variability and features of such casualties. 

(ii) Weather-related fatalities in the database herein may be attributed in particular to frost (cold spells), glaze ice, rain and 

snow. In annual distribution of fatalities, the winter months are predominant. The decreasing linear trends in the number of 635 

fatalities in 2000–2019 were statistically significant only for fatalities related to all weather factors together and for 

casualties arising out of convective storms, snow and glaze ice; linear trends in flood- and windstorm-related fatalities 

proved insignificant. 

(iii) The basic features of weather-related fatalities indicate the highest percentages for males, adults, indirect types of death, 

vehicle accidents due to inclement weather conditions, and freezing or hypothermia, night or morning times of deaths and 640 

hazardous behaviour on the part of casualties or other persons responsible for the fatal incident. 

(iv) Fatalities derived from the database of Czech Statistical Office, ordered according to the type of weather-related death, 

exhibit statistically significant rising trends in the “excessive natural cold” and in the combined “excessive natural heat and 

solar radiation” categories. In terms of sex and age structures, males and adults predominate. 

(v) Vehicle-accident fatalities during bad weather conditions, as extracted from police yearbooks, show statistically 645 

significant decreasing trends for all and individual weather events. Rainy weather, with c. 61 %, predominates in the latter 

category, followed by fog, snowfall and glaze ice. 
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(vi) Trends in weather-related fatalities in the Czech Republic reflect, in addition to recent weather and climate changes, 

certain socio-economic factors and especially people’s behaviour, which may be for c. 75 % characterised as hazardous. 

However, existing data uncertainties in the evaluation of recognised trends should always be borne in mind. 650 

(vii) A comparison of the numbers and features of weather-related fatalities from three different databases demonstrates the 

complexity and difficulty of analysis even within one country. Logically enough, comparison of such results with similar 

studies from other countries also presents a formidable challenge. 

Appendix A 

 655 

Figure A1. Locations in the Czech Republic mentioned in this paper (data source: ArcČR 500 v2.0, ARCDATA PRAHA, 2003). 

Appendix B 

For better understanding of documentary data used, three examples of fatality records appear below: 

(i) One of the fatalities of the disastrous August 2002 flood was a man in Putim (Právo, 15 August 2002, p. 2): “Recent 

disastrous floods have claimed their tenth human life. The latest was an 81-year-old man, drowned near Putim in the Písek 660 

region. […] The man, a permanent resident of Písek, was spending the summer in a cottage near Putim, which was 
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threatened by huge quantities of water last Monday. Although rescue workers asked him repeatedly to leave the premises 

and evacuate, he refused. His corpse was found in the cottage yesterday [14 August]. He appeared to have fallen from the 

loft into the flooded [lower] house […]”. 

(ii) A woman died on 25 June 2008 during a thunderstorm in Svitavy (Právo, 27 June 2008, p. 1, 5): “According to the 665 

police, a woman was hurrying home with a group of friends on the evening of Wednesday [25 June]. As the first drops of 

rain started to fall, their group of six took shelter under the small roof of a garden restaurant in a town stadium. At that 

moment, the wind gusted upon an avenue of poplar trees with such force that 10-m branches were torn from it. One such 

branch struck a 47-year-old woman standing only 10 m from safety. It hit her neck. […] The emergency services took her [to 

hospital] within ten minutes but she succumbed to injuries of the spine.” 670 

(iii) A woman died in an accident on a snow-covered road in the Bruntál region on 20 April 2017 (Novinky.cz, 2020): “April 

snowfall in the Bruntál region has claimed its first road victim. Two private cars crashed. A 58-year-old female passenger 

died and a further three people were injured. The road was covered in snow at the time of the accident. According to the 

police, a Mitsubishi car got into a series of skids on the snowy road and crossed into the opposite lane, where it collided with 

a Škoda Fabia. The female victim was a passenger in the Fabia. She was taken to Ostrava hospital, but died shortly 675 

thereafter.” 

 

Data availability. Fatality data from authors database can be made available by the authors upon request. Fatality data of the 

Czech Statistical Office and of the Police of the Czech Republic can be found in the related published yearbooks (CSO, 

2020a, 2020b; PCR, 2020). 680 

 

Author contributions. RB designed and wrote the paper with contributions from all co-authors. KC created fatality database 

and made basic analyses with data, including finalising of figures. RB, KC, LD, JŘ and LŘ extracted and collected data from 

newspapers. PZ contributed with analysis of frost-related fatalities and temperature characteristics. PD evaluated linear 

trends in fatalities and their significance.  685 

 

Competing interests. The authors declare that they have no conflict of interests. 

 

Acknowledgements. This study was financially supported by the Ministry of Education, Youth and Sports of the Czech 

Republic for the SustES – Adaptation strategies for sustainable ecosystem services and food security under adverse 690 

environmental conditions, project ref. CZ.02.1.01/0.0/0.0/16_019/0000797. Jan Řehoř was supported by Masaryk University 

within project ref. MUNI/A/1356/2019. The Czech Statistical Office, Prague (Jana Audy, Robert Šanda) is acknowledged 

for providing us with selected data of fatalities for 2000–2019. The regional headquarters of the South Moravian Regional 

Police (Jindřich Rybka) is acknowledged for providing data concerning fatalities arising out of vehicle accidents for 2000–

2006. Tony Long (Carsphairn, Scotland) helped work up the English. 695 



42 
 

 

Financial support. This research has been supported by the Ministry of Education, Youth and Sports of the Czech Republic 

for the SustES – Adaptation strategies for sustainable ecosystem services and food security under adverse environmental 

conditions, project ref. CZ.02.1.01/0.0/0.0/16_019/0000797. 

References 700 

Aceto, L., Pasqua, A. A., and Petrucci, O.: Effects of damaging hydrogeological events on people throughout 15 years in a 

Mediterranean region, Adv. Geosci., 44, 67–77, https://doi.org/10.5194/adgeo-44-67-2017, 2017. 

Analitis, A., Katsouyanni, K., Biggeri, A., Baccini, M., Forsberg, B., Bisanti, L., Kirchmayer, U., Ballester, F., Cadum, E., 

Goodman, P. G., Hojs, A., Sunyer, J., Tiittanen, P., and Michelozzi, P.: Effects of cold weather on mortality: results from 15 

European cities within the PHEWE Project, Am. J. Epidemiol., 168, 1397–1408, https://doi.org/10.1093/aje/kwn266, 2008. 705 

Andrey, J., Karlis, D., and Wets, G.: Long-term trends in weather-related crash risks, J. Transp. Geogr., 18, 247–258, 

https://doi.org/10.1016/j.jtrangeo.2009.05.002, 2010.  

Andrey, J., Mills, B., Leahy, M., and Suggett, J.: Weather as a chronic hazard for road transportation in Canadian cities, Nat. 

Hazards, 28, 319–343, https://doi.org/10.1023/A:1022934225431, 2003.  

Antonescu, B. and Cărbunaru, F.: Lightning-related fatalities in Romania from 1999 to 2015, Weather Clim. Soc., 10, 241–710 

252, https://doi.org/10.1175/WCAS-D-17-0091.1, 2018. 

Arsenović, D., Lehnert, M., Fiedor, D., Šimáček, P., Středová, H., Středa, T., and Savić, S.: Heat-waves and mortality in 

Czech cities: A case study for the summers of 2015 and 2016, Geographica Pannonica, 23, 162–172, 

https://doi.org/10.5937/gp23-22853, 2019. 

Badoux, A., Andres, N., Techel, F., and Hegg, C.: Natural hazard fatalities in Switzerland from 1946 to 2015, Nat. Hazards 715 

Earth Syst. Sci., 16, 2747–2768, https://doi.org/10.5194/nhess-16-2747-2016, 2016. 

BASt – Bundesanstalt für Straßenwesen: Traffic and Accident data, Summary Statistics – Germany, available at: 

https://www.bast.de/BASt_2017/EN/Publications/Media/Traffic-and-Accident-Data.pdf?__blob=publicationFile&v=7, last 

access: 10 March 2021. 

Bíl, M., Vodák, R., Kubeček, J., Bílová, M., and Sedoník, J.: Evaluating road network damage caused by natural disasters in 720 

the Czech Republic between 1997 and 2010, Transp. Res. A, 80, 90–103, https://doi.org/10.1016/j.tra.2015.07.006, 2015. 

Botzen, W. J. W., Martinius, M. L., Bröde, P., Folkerts, M. A., Ignjacevic, P., Estrada, F., Harmsen, C. N., and Daanen, H. 

A. M.: Economic valuation of climate change–induced mortality: age dependent cold and heat mortality in the Netherlands, 

Climatic Change, 162, 545–562, https://doi.org/10.1007/s10584-020-02797-0, 2020. 

Brázdil, R., Pfister, C., Wanner, H., von Storch, H., and Luterbacher, J.: Historical climatology in Europe – the state of the 725 

art, Climatic Change, 70, 363–430, https://doi.org/10.1007/s10584-005-5924-1, 2005. 



43 
 

Brázdil, R., Kundzewicz, Z. W., and Benito, G.: Historical hydrology for studying flood risk in Europe, Hydrolog. Sci. J., 

51, 739–764, https://doi.org/10.1623/hysj.51.5.739, 2006. 

Brázdil, R., Dobrovolný, P., Luterbacher, J., Moberg, A., Pfister, C., Wheeler, D., and Zorita, E.: European climate of the 

past 500 years: new challenges for historical climatology, Climatic Change, 101, 7–40, https://doi.org/10.1007/s10584-009-730 

9783-z, 2010. 

Brázdil, R., Hostýnek, J., Řezníčková, L., Zahradníček, P., Tolasz, R., Dobrovolný, P., and Štěpánek, P.: The variability of 

maximum wind gusts in the Czech Republic between 1961 and 2014, Int. J. Climatol., 37, 1961–1978, 

https://doi.org/10.1002/joc.4827, 2017. 

Brázdil, R., Chromá, K., Dolák, L., Kotyza, O., Řezníčková, L., Dobrovolný, P., and Černoch, Z.: Spatiotemporal variability 735 

of tornadoes in the Czech Lands, 1801–2017, Theor. Appl. Climatol., 136, 1233–1248, https://doi.org/10.1007/s00704-018-

2553-y, 2019a. 

Brázdil, R., Chromá, K., Řehoř, J., Zahradníček, P., Dolák, L., Řezníčková, L., and Dobrovolný, P.: Potential of 

documentary evidence to study fatalities of hydrological and meteorological events in the Czech Republic, Water–Sui, 11, 

2014, https://doi.org/10.3390/w11102014, 2019b. 740 

Brázdil, R., Zahradníček, P., Dobrovolný, P., Štěpánek, P., and Trnka, M.: Observed changes in precipitation during recent 

warming: The Czech Republic, 1961–2019, Int. J. Climatol., https://doi.org/10.1002/joc.7048, 2021. 

Brázdová, M.: Odhad ztrát lidských životů při povodni (Estimation of losses of human lives during a flood), Ph.D. thesis, 

Vysoké učení technické v Brně, Fakulta stavební, Ústav vodních staveb, Brno, Czech Republic, 164 pp., 2012. 

Brijs, T., Karlis, D., and Wets, G.: Studying the effect of weather conditions on daily crash counts using a discrete time-745 

series model, Accident Anal. Prev., 40, 1180–1190, https://doi.org/10.1016/j.aap.2008.01.001, 2008. 

CSO – Czech Statistical Office: Zemřelí podle seznamu příčin smrti, pohlaví a věku v ČR, krajích a okresech – 2000–2009 

(Deceased according to causes of death, sex and age in the CR, regions and districts in 2000–2009), available at: 

https://www.czso.cz/csu/czso/zemreli-podle-seznamu-pricin-smrti-pohlavi-a-veku-v-cr-krajich-a-okresech-2000-2009, last 

access: 11 November 2020, 2020a. 750 

CSO – Czech Statistical Office: Zemřelí podle seznamu příčin smrti, pohlaví a věku v ČR, krajích a okresech – 2010 až 2019 

(Deceased according to causes of death, sex and age in the CR, regions and districts in 2010–2019), available at: 

https://www.czso.cz/csu/czso/zemreli-podle-seznamu-pricin-smrti-pohlavi-a-veku-v-cr-krajich-a-okresech-2010-2019, last 

access: 11 November 2020, 2020b. 

Daňhelka, J.: Reporting rámce ze Sendai (Reporting frameworks from Sendai), Meteorol. Zpr., 71, 143, 2018. 755 

Diakakis, M.: Have flood mortality qualitative characteristics changed during the last decades? The case study of Greece, 

Environ. Hazards–UK, 15, 148–159, https://doi.org/10.1080/17477891.2016.1147412, 2016. 

Diakakis, M. and Deligiannakis, G.: Vehicle-related flood fatalities in Greece, Environ. Hazards–UK, 12, 278–290, 

https://doi.org/10.1080/17477891.2013.832651, 2013. 



44 
 

Diakakis, M. and Deligiannakis, G.: Flood fatalities in Greece: 1970–2010, J. Flood Risk Manag., 10, 115–123, 760 

https://doi.org/10.1111/jfr3.12166, 2017. 

Diakakis, M., Deligiannakis, G., Andreadakis, E., Katsetsiadou, K. N., Spyrou, N. I., and Gogou, M. E.: How different 

surrounding environments influence the characteristics of flash flood-mortality: The case of the 2017 extreme flood in 

Mandra, Greece, J. Flood Risk Manag., 13, e12613, https://doi.org/10.1111/jfr3.12613, 2020. 

Dotzek, N., Groenemeijer, P., Feuerstein, B., and Holzer, A. M.: Overview of ESSL’s severe convective storms research 765 

using the European Severe Weather Database ESWD, Atmos. Res., 93, 575–586, 

https://doi.org/10.1016/j.atmosres.2008.10.020, 2009. 

Ebi, K.: Greater understanding is needed of whether warmer and shorter winters associated with climate change could reduce 

winter mortality, Environ. Res. Lett., 10, 111002, https://doi.org/10.1088/1748-9326/10/11/111002, 2015. 

Eisenberg, D. and Warner, K. E.: Effects of snowfalls on motor vehicle collisions, injuries, and fatalities, Am. J. Public 770 

Health, 95, 120–124, https://doi.org/10.2105/AJPH.2004.048926, 2005.  

Elsom, D. M.: Deaths and injuries caused by lightning in the United Kingdom: analyses of two databases, Atmos. Res., 56, 

325–334, https://doi.org/10.1016/S0169-8095(00)00083-1, 2001. 

Elsom, D. M. and Webb, J. D. C.: Deaths and injuries from lightning in the UK, 1988–2012, Weather, 69, 221–226, 

https://doi.org/10.1002/wea.2254, 2014. 775 

ETSC – European Transport Safety Council: Road deaths in the European Union – latest data, available at: 

https://etsc.eu/euroadsafetydata/, last access: 10 March 2021. 

Ferreira, S., Hamilton, K., and Vincent, J. R.: Does development reduce fatalities from natural disasters? New evidence for 

floods, Environ. Dev. Econ., 18, 649–679, https://doi.org/10.1017/S1355770X13000387, 2013. 

Fink, A. H., Brücher, T., Krüger, A., Leckebusch, G. C., Pinto, J. G., and Ulbrich, U.: The 2003 European summer 780 

heatwaves and drought – synoptic diagnosis and impacts, Weather, 59, 209–216, https://doi.org/10.1256/wea.73.04, 2004. 

Franzke, C. L. E. and Torelló i Sentelles, H.: Risk of extreme high fatalities due to weather and climate hazards and its 

connection to large-scale climate variability, Climatic Change, 162, 507–525, https://doi.org/10.1007/s10584-020-02825-z, 

2020. 

García-Herrera, R., Díaz, J., Trigo, R. M., Luterbacher, J., and Fischer, E. M.: A review of the European summer heat wave 785 

of 2003, Crit. Rev. Env. Sci. Tec., 40, 267–306, https://doi.org/10.1080/10643380802238137, 2010. 

Gasparrini, A., Guo, Y., Sera, F., Vicedo-Cabrera, A. M., Huber, V., Tong, S., de Sousa Zanotti Stagliorio Coelho, M., 

Nascimento Saldiva, P. H., Lavigne, E., Matus Correa, P., Valdes Ortega, N., Kan, H., Osorio, S., Kyselý, J., Urban, A., 

Jaakkola, J. J. K., Ryti, N. R. I., Pascal, M., Goodman, P. G., Zeka, A., Michelozzi, P., Scortichini, M., Hashizume, M., 

Honda, Y., Hurtado-Diaz, M., Cesar Cruz, J., Seposo, X., Kim, H., Tobias, A., Iñiguez, C., Forsberg, B., Åström, D. O., 790 

Ragettli, M. S., Guo, Y. L., Wu, C-F., Zanobetti, A., Schwartz, J., Bell, M. L., Dang, T. N., Van, D. D., Heaviside, C., 

Vardoulakis, S., Hajat, S., Haines, A., and Armstrong, B.: Projections of temperature-related excess mortality under climate 

change scenarios, Lancet Planet. Health, 1, e360–e367, https://doi.org/10.1016/S2542-5196(17)30156-0, 2017. 



45 
 

Gilbert, R. O.: Statistical Methods for Environmental Pollution Monitoring, John Wiley & Sons, New York, U.S., 1987. 

Graczyk, D., Kundzewicz, Z. W., Choryński, A., Førland, E. J., Pińskwar, I., and Szwed, M.: Heat-related mortality during 795 

hot summers in Polish cities, Theor. Appl. Climatol., 136, 1259–1273, https://doi.org/10.1007/s00704-018-2554-x, 2019. 

Grimalt-Gelabert, M., Rosselló-Geli, J., and Bauzà-Llinàs, J.: Flood related mortality in a touristic island: Mallorca (Balearic 

Islands) 1960–2018, J. Flood Risk Manag., 13, e12644, https://doi.org/10.1111/jfr3.12644, 2020. 

Han, Z. and Sharif, H. O.: Investigation of the relationship between rainfall and fatal crashes in Texas, 1994–2018, 

Sustainability–Basel, 12, 7976, https://doi.org/10.3390/su12197976, 2020a. 800 

Han, Z. and Sharif, H. O.: Vehicle-related flood fatalities in Texas, 1959–2019, Water–Sui, 12, 2884, 

https://doi.org/10.3390/w12102884, 2020b. 

Hanzlíková, H., Plavcová, E., Kynčl, J., Kříž, B., and Kyselý, J.: Contrasting patterns of hot spell effects on morbidity and 

mortality for cardiovascular diseases in the Czech Republic, 1994–2009, Int. J. Biometeorol., 59, 1673–1684, 

https://doi.org/10.1007/s00484-015-0974-1, 2015. 805 

Haque, U., Blum, P., da Silva, P. F., Andersen, P., Pilz, J., Chalov, S. R., Malet, J.-P., Auflič, M. J., Andres, N., Poyiadji, E., 

Lamas, P. C., Zhang, W., Peshevski, I., Pétursson, H. G., Kurt, T., Dobrev, N., García-Davalillo, J. C., Halkia, M., Ferri, S., 

Gaprindashvili, G., Engström, J., and Keellings, D.: Fatal landslides in Europe, Landslides, 13, 1545–1554, 

https://doi.org/10.1007/s10346-016-0689-3, 2016. 

Heiser, M., Hübl, J., and Scheidl, C.: Completeness analyses of the Austrian torrential event catalog, Landslides, 16, 2115–810 

2126, https://doi.org/10.1007/s10346-019-01218-3, 2019. 

Hilker, N., Badoux, A., and Hegg, C.: The Swiss flood and landslide damage database 1972–2007, Nat. Hazards Earth Syst. 

Sci., 9, 913–925, https://doi.org/10.5194/nhess-9-913-2009, 2009. 

Hladný, J., Krátká, M., and Kašpárek, L. (Eds.): August 2002 catastrophic flood in the Czech Republic, Ministry of the 

Environment of the Czech Republic, Prague, Czech Republic, 44 pp., 2004. 815 

Holle, R. L.: A summary of recent national-scale lightning fatality studies, Weather Clim. Soc., 8, 35–42, 

https://doi.org/10.1175/WCAS-D-15-0032.1, 2016. 

Hoppe, P.: Trends in weather related disasters – Consequences for insurers and society, Weather Clim. Extremes, 11, 70–79, 

https://doi.org/10.1016/j.wace.2015.10.002, 2016. 

Idnes.cz: Žena chtěla při povodni zachránit vozíčkářku (A woman wanted to safe wheelchair-bound woman during flood), 820 

available at: https://www.idnes.cz/zpravy/domaci/zena-chtela-pri-povodni-zachranit-vozickarku-sebral-ji-

proud.A090708_084155_domaci_adb, last access: 1 December 2020. 

IPCC: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report of 

Working Groups I and II of the Intergovernmental Panel on Climate Change, edited by: Field, C. B., Barros, V., Stocker, T. 

F., Qin, D., Dokken, D. J., Ebi, K. L., Mastrandrea, M. D., Mach, K. J., Plattner, G.-K., Allen, S. K., Tignor, M., and 825 

Midgley, P. M., Cambridge University Press, Cambridge, United Kingdom and New York, USA, 582 pp., 2012. 



46 
 

IPCC: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report 

of the Intergovernmental Panel on Climate Change, edited by: Stocker, T. F., Qin, D., Plattner, G.-K., Tignor, M., Allen, S. 

K., Boschung, J., Nauels, A., Xia, Y., Bex, V., and Midgley, P. M., Cambridge University Press, Cambridge, United 

Kingdom and New York, USA, 1535 pp., 2013. 830 

Jackson, T. L., and Sharif, H. O.: Rainfall impacts on traffic safety: rain-related fatal crashes in Texas, Geomat. Nat. Haz. 

Risk, 7, 843–860, https://doi.org/10.1080/19475705.2014.984246, 2016. 

Kendall, S. B.: Enhancement of conditioned reinforcement by uncertainty, J. Exp. Anal. Behav., 24, 311–314, 

https://doi.org/10.1901/jeab.1975.24-311, 1975. 

Kim, S., Sinclair, V. A., Räisänen, J., and Ruuhela, R.: Heat waves in Finland: present and projected summertime extreme 835 

temperatures and their associated circulation patterns, Int. J. Climatol., 38, 1393–1408, https://doi.org/10.1002/joc.5253, 

2018. 

Kinney, P. L., Schwartz, J., Pascal, M., Petkova, E., Le Tertre, A., Medina, S., and Vautard, R.: Winter season mortality: will 

climate warming bring benefits?, Environ. Res. Lett., 10, 064016, https://doi.org/10.1088/1748-9326/10/6/064016, 2015. 

Knobová, V., Hůnová, I., Malý, M., and Braniš, M.: Vliv vln vedra v létě 2003 a 2006 na úmrtnost obyvatel Prahy (Heat 840 

wave effect on mortality in Prague in summer 2003 and 2006), Meteorol. Zpr., 67, 33–40, 2014. 

Kyselý, J. and Kříž, B.: Decreased impacts of the 2003 heat waves on mortality in the Czech Republic: An improved 

response?, Int. J. Biometeorol., 52, 733–745, https://doi.org/10.1007/s00484-008-0166-3, 2008. 

Kyselý, J. and Plavcová, E.: Declining impacts of hot spells on mortality in the Czech Republic, 1986–2009: Adaptation to 

climate change?, Climatic Change, 113, 437–453, https://doi.org/10.1007/s10584-011-0358-4, 2012. 845 

Kyselý, J., Pokorná, L., Kyncl, J., and Kříž, B.: Excess cardiovascular mortality associated with cold spells in the Czech 

Republic, BMC Public Health, 9, 1–11, https://doi.org/10.1186/1471-2458-9-19, 2009. 

Munich RE: TOPICS Geo. Natural Catastrophes 2013. Analyses, assessments, positions, Munich RE, Munich, Germany, 

2014. 

Munich RE: TOPICS Geo. Natural Catastrophes 2017. Analyses, assessments, positions, Munich RE, Munich, Germany, 850 

2018. 

Novinky.cz: Po nehodě na Bruntálsku zemřela žena (A women died after an accident in the Bruntál region), available at: 

https://www.novinky.cz/krimi/435620-po-nehode-na-bruntalsku-zemrela-zena.html, last access: 15 November 2020. 

Paprotny, D., Sebastian, A., Morales-Nápoles, O., and Jonkman, S. N.: Trends in flood losses in Europe over the past 150 

years, Nat. Commun., 9, 1985, https://doi.org/10.1038/s41467-018-04253-1, 2018. 855 

PCR – Police of the Czech Republic: Statistika nehodovosti (Statistics of accidents), available at: 

https://www.policie.cz/clanek/statistika-nehodovosti-900835.aspx, last access: 9 November 2020. 

Pereira, S., Zêzere, J. L., Quaresma, I., Santos, P. P., and Santos, M.: Mortality patterns of hydro-geomorphologic disasters, 

Risk Anal., 36, 1188–1210, https://doi.org/10.1111/risa.12516, 2016. 



47 
 

Pereira, S., Diakakis, M., Deligiannakis, G., and Zêzere, J. L.: Comparing flood mortality in Portugal and Greece (Western 860 

and Eastern Mediterranean), Int. J. Disast. Risk Re., 22, 147–157, https://doi.org/10.1016/j.ijdrr.2017.03.007, 2017. 

Petrucci, O., Salvati, P., Aceto, L., Bianchi, C., Pasqua, A. A., Rossi, M., and Guzzetti, F.: The vulnerability of people to 

damaging hydrogeological events in the Calabria Region (Southern Italy), Int. J. Env. Res. Pub. He., 15, 48, 

https://doi.org/10.3390/ijerph15010048, 2018. 

Petrucci, O., Aceto, L., Bianchi, C., Bigot, V., Brázdil, R., Pereira, S., Kahraman, A., Kiliç, Ö., Kotroni, V., Llasat, M. C., 865 

Llasat-Botija, M., Papagiannaki, K., Pasqua, A. A., Řehoř, J., Geli, J. R., Salvati, P., Vinet, F., and Zȇzere, J. L.: Flood 

fatalities in Europe, 1980–2018: variability, features, and lessons to learn, Water–Sui, 11, 1682, 

https://doi.org/10.3390/w11081682, 2019a. 

Petrucci, O., Papagiannaki, K., Aceto, L., Boissier, L., Kotroni, V., Grimalt, M., Llasat, M. C., Llasat-Botija, M., Rosselló, 

J., Pasqua, A. A., and Vinet, F.: MEFF: The database of MEditerranean Flood Fatalities (1980 to 2015), J. Flood Risk 870 

Manag., 12, e12461, https://doi.org/10.1111/jfr3.12461, 2019b. 

Plavcová, E. and Urban, A.: Intensified impacts on mortality due to compound winter extremes in the Czech Republic, Sci. 

Total Environ., 746, 141033, https://doi.org/10.1016/j.scitotenv.2020.141033, 2020. 

Psistaki, K., Paschalidou, A. K., and McGregor, G.: Weather patterns and all-cause mortality in England, UK, Int. J. 

Biometeorol., 64, 123–136, https://doi.org/10.1007/s00484-019-01803-0, 2020. 875 

Punčochář, P.: Prevence povodní na území České republiky a podpora Ministerstva zemědělství (Prevention of floods over 

the territory of the Czech Republic and support from the Ministry of Agriculture), in: Povodně v České republice. Příloha 

časopisu 112, 4, 19–21, 2015. 

Robine, J.-M., Cheung, S. L. K., Le Roy, S., Van Oyen, H., Griffiths, C., Michel, J.-P., and Herrmann, F. R.: Death toll 

exceeded 70,000 in Europe during the summer of 2003, C. R. Biol., 331, 171–178, 880 

https://doi.org/10.1016/j.crvi.2007.12.001, 2008. 

Salvador, C., Nieto, R., Linares, C., Díaz, J., and Gimeno, L.: Short-term effects of drought on daily mortality in Spain from 

2000 to 2009, Environ. Res., 183, 109200, https://doi.org/10.1016/j.envres.2020.109200, 2020. 

Salvati, P., Petrucci, O., Rossi, M., Bianchi, C., Pasqua, A. A., and Guzzetti, F.: Gender, age and circumstances analysis of 

flood and landslide fatalities in Italy, Sci. Total Environ., 610–611, 867–879, https://doi.org/10.1016/j.scitotenv.2017.08.064, 885 

2018. 

Sharma, S., Blagrave, K., Watson, S. R., O’Reilly, C. M., Batt, R., Magnuson, J. J., Clemens, T., Denfeld, B. A., Flaim, G., 

Hori, Y., Laas, A., Knoll, L. B., Straile, D., Takamura, N., and Weyhenmeyer, G. A.: Increased winter drownings in ice-

covered regions with warmer winters, PLoS ONE, 15, e0241222, https://doi.org/10.1371/journal.pone.0241222, 2020. 

Shmakin, A. B., Chernavskaya, M. M., and Popova, V. V.: “Velikaya” zasucha 2010 g. na Vostochno-Evropeyskoy 890 

Ravnine: istoricheskiye analogi, cirkulyacionnyye mekhanismy (The Great drought of 2010 in the eastern European plain: 

Historical analogues, circulation mechanisms), Izvestiya RAN – Ser. Geogr., 6, 41–57, 2013. 



48 
 

Sulan, J.: Jíní – jev nebezpečný pro silniční dopravu (Hoar-frost as a danger phenomenon for the road traffic), Meteorol. 

Zpr., 59, 37–42, 2006.   

Swiss Re: Natural catastrophes and man-made disasters in 2018: “secondary” perils on the frontline. Sigma 2/2019, Swiss 895 

Re, Zurich, Switzerland, 2019. 

Špitalar, M., Brilly, M., Kos, D., and Žiberna, A.: Analysis of flood fatalities – Slovenian illustration, Water–Sui, 12, 64, 

https://doi.org/10.3390/w12010064, 2020. 

Trigo, R. M., Ramos, C., Pereira, S. S., Ramos, A. M., Zêzere, J. L., and Liberato, M. L. R.: The deadliest storm of the 20th 

century striking Portugal: Flood impacts and atmospheric circulation, J. Hydrol., 541A, 597–610, 900 

https://doi.org/10.1016/j.jhydrol.2015.10.036, 2016. 

UNODRR – United Nations Office for Disaster Risk Reduction: Sendai Framework for Disaster Risk Reduction 2015–2030, 

available at: https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030, last access: 10 

December 2020. 

Urban, A., Hanzlíková, H., Kyselý, J., and Plavcová, E.: Impacts of the 2015 heat waves on mortality in the Czech Republic 905 

– a comparison with previous heat waves, Int. J. Env. Res. Pub. He., 14, 1562, https://doi.org/10.3390/ijerph14121562, 2017. 

Vautard, R., van Aalst, M., Boucher, O., Drouin, A., Haustein, K., Kreienkamp, F., van Oldenborgh, G. J., Otto, F. E. L., 

Ribes, A., Robin, Y., Schneider, M., Soubeyroux, J.-M., Stott, P., Seneviratne, S. I., Vogel, M. M., and Wehner, M.: Human 

contribution to the record-breaking June and July 2019 heat waves in Western Europe, Environ. Res. Lett., 15, 094077, 

https://doi.org/10.1088/1748-9326/aba3d4, 2020. 910 

Vicedo-Cabrera, A. M., Guo, Y., Sera, F., Huber, V., Schleussner, C.-F., Mitchell, D., Tong, S., de Sousa Zanotti Stagliorio 

Coelho, M., Nascimento Saldiva, P. H., Lavinge, E., Matus Correa, P., Valdes Ortega, N., Kan, H., Osorio, S., Kyselý, J., 

Urban, A., Jaakkola, J. J. K., Ryti, N. R. I., Pascal, M., Goodman, P. G., Zeka, A., Michelozzi, P., Scortichini, M., 

Hashizume, M., Honda, Y., Hurtado-Diaz, M., Cruz, J., Seposo, X., Kim, H., Tobias, A., Íñiguez, C., Forsberg, B., Åström, 

D. O., Ragettli, M. S., Röösli, M., Guo, Y. L., Wu, C-f., Zanobetti, A., Schwartz, J., Bell, M. L., Dang, T. N., Van, D. D., 915 

Heaviside, C., Vardoulakis, S., Hajat, S., Haines, A., Armstrong, B., Ebi, K. L., and Gasparrini, A.: Temperature-related 

mortality impacts under and beyond Paris Agreement climate change scenarios, Climatic Change, 150, 391–402, 

https://doi.org/10.1007/s10584-018-2274-3, 2018. 

Vinet, F., Boissier, L., and Saint-Martin, C.: Flashflood-related mortality in southern France: first results from a new 

database, in: 3rd European Conference on Flood Risk Management (FLOODrisk 2016), E3S Web Conf., 7, 06001, 920 

https://doi.org/10.1051/e3sconf/20160706001, 2016. 

Vinet, F., Bigot, V., Petrucci, O., Papagiannaki, K., Llasat, M. C., Kotroni, V., Boissier, L., Aceto, L., Grimalt, M., Llasat-

Botija, M., Pasqua, A. A., Rossello, J., Kılıç, Ö., Kahraman, A., and Tramblay, Y.: Mapping flood-related mortality in the 

Mediterranean basin. Results from the MEFF v2.0 DB, Water–Sui, 11, 2196, https://doi.org/10.3390/w11102196, 2019. 

Vyberčki, D., Švec, M., Faško, P., Savinova, H., Trizna, M., and Mičietova, E.: The effects of the 1996–2012 summer heat 925 

events on human mortality in Slovakia, Morav. Geogr. Rep., 23, 58–70, https://doi.org/10.1515/mgr-2015-0018, 2015. 



49 
 

Willis Re: Summary of Natural Catastrophe Events 2018. Willis Re eVENTTM Update. Insured losses and economic impact 

due to natural disasters. Vol. 7, Willis Re, London, UK, 53 pp., 2019. 

Wright, N., Fagan, L., Lapitan, J. M., Kayano, R., Abrahams, J., Huda, Q., and Murray, V.: Health emergency and disaster 

risk management: Five years into implementation of the Sendai framework, Int. J. Disaster Risk Sci., 11, 206–217, 930 

https://doi.org/10.1007/s13753-020-00274-x, 2020. 

Zahradníček, P., Brázdil, R., Štěpánek, P., and Trnka, M.: Reflections of global warming in trends of temperature 

characteristics in the Czech Republic, 1961–2019, Int. J. Climatol., 41, 1211–1229, https://doi.org/10.1002/joc.6791, 2021. 

Zahradníček, P., Münster, P., Bíl, M., Skalák, P., Panský, M., Brzezina, J., Bílová, M., and Kubeček, J.: The December 2014 

glaze event in the Czech Republic: predictability and impacts, Weather, 73, 375–382, https://doi.org/10.1002/wea.3199, 935 

2018. Zêzere, J., Pereira, S., Tavales, A., Bateira, C., Trigo, R., Quaresma, I., Santos, P., Santos, M., and Verde, J.: 

DISASTER: A GIS database on hydro-geomorphologic disasters in Portugal, Nat. Hazards, 72, 503–532, 

https://doi.org/10.1007/s11069-013-1018-y, 2014. 


