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Abstract. Extreme weather-related events can be accompanied not only by extensive material damage, but also by many
fatalities. The question is: what is the long-term context of the deadliest weather events with respect to the increasing severity
and frequency of weather extremes accompanying recent climate change? This paper presents the sudden weather-related
events with the highest numbers of fatalities (> 20) over the territory of the Czech Lands (now the Czech Republic) in the
1851-2025 CE period, which were connected to or influenced by floods, windstorms, convective storms, thunderstorms, snow,
and fog. For each of the 13 selected events, meteorological conditions, their course, accompanying circumstances, and selected
fatality characteristics such as sex and age are described in detail. Six events occurred in the second half of the 19th century,
three in the first half of the 20th century, four in its second half, and none after 2000. Although floods were the most frequent
cause of high fatality numbers in six cases, two train and two airplane accidents connected with snow and fog also appeared
among the deadliest events selected. The flash flood in western Bohemia from 25-26 May 1872, claiming 244 lives, was the
most tragic documented event over the Czech territory since 1851 CE. Only the flood event in Moravia and Silesia in July
1997, with 58 fatalities, occurred during the period of recent climate change characterized by the highest temperature increase
since the 1980s. The results show that the effects of long-term changes in the environmental, socioeconomic, and societal
situation in the country, directed toward more effective risk management and rescue activities, aimed at increased saving lives
in extreme weather events during past 175 years, including recent climate change. The detail description of the historical

investigation allows future replication of such research in other countries.

1 Introduction

Although recent global warming has led to an unprecedented increase in the number of related fatalities in Europe — from
9,953 fatalities in the 3 decades between 1970 and 1999 to 149,485 fatalities in the 2 decades following the year 2000 (WMO,
2021), particularly as a consequence of heat waves in 2003 over Western Europe (e.g., Robine et al., 2008; Garcia-Herrera et

al., 2010) and in 2010 over Russia (e.g., Grumm, 2011; Otto et al., 2012) — other weather-related events with high fatality
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counts should also be considered. Of particular interest was, for example, the disastrous floods of July 2021 in Germany with
at least 189 fatalities, 135 of whom died in the Ahr River catchment (e.g., Kahle et al., 2022; Thieken et al., 2023; Roggenkamp
et al., 2024; Rhein and Kreibich, 2025; Silva et al., 2025). Flood events in Central Europe are traditionally natural phenomena
that result in a high number of fatalities, as seen in the July 1997 flood with 61 fatalities in the Czech Republic (Brazdil et al.,
2023) and 54 in Poland (Kundzewicz et al., 1999). Information about flood fatalities in Europe can be found in various
databases at national or international levels, along with other flood-related information, such as for the European Union
(Barredo, 2007), at the pan-European scale (Paprotny et al., 2018, 2024), for the Mediterranean region (Petrucci et al., 2019b),
for the Euro-Mediterranean region (Petrucci et al., 2019a; Papagiannaki et al., 2022), or for individual European countries or
areas (e.g., Diakakis and Deligiannakis, 2017; Pereira et al., 2017, gpitalar et al., 2020; Vinet et al., 2022; Diakakis et al.,
2023). Death tolls from coastal flooding due to storm surges are comparable to those from inland flooding, as documented in
many examples around the North and Baltic Seas (e.g., Gerritsen, 2005; Jensen and Miiller-Navarra, 2008; Jochner et al., 2013;
Choi et al., 2018; Hallin et al., 2021).

Besides flood and storm surge fatalities, other weather-related fatalities in Europe have also been collected at national levels.
Corresponding results were presented for events such as lightning strikes (e.g., Elsom, 2001; Elsom and Webb, 2014;
Antonescu and Carbunaru, 2018; Kiihne et al., 2025), tornadoes (e.g., Taszarek and Gromadzki, 2017; Holzer et al., 2018), as
well as for several hazardous events combined (e.g., Hilker et al., 2009; Badoux et al., 2016; Pilorz et al., 2023). Antofie et al.
(2025) found a relatively high correlation (Spearman correlation r = 0.59) between statistically significant multi-hazard
hotspots and fatalities at the pan-European level.

Regarding the territory of the Czech Republic, fatalities attributed to hydrometeorological extremes have generally been
analysed for the last 100 years. Covering various time intervals, these analyses were based particularly on the specific database
of the Institute of Geography, Masaryk University in Brno, created from various documentary evidence (Brazdil et al., 2019,
2023), mortality data from published demographic yearbooks (Brazdil et al., 2024), or documentary data complemented by
detailed information from the Czech Statistical Office since 1994 (Brizdil et al., 2021). Mortality during traffic accidents
connected with adverse weather has also been considered (Brazdil et al., 2022a, 2022b).

Although some of the cited Czech papers reported very deadly events in various forms, extending the analyzed data back to
the mid-19th century has revealed further important events. The aim of this paper is to present a comprehensive view of the
deadliest events attributed to floods, windstorms, convective storms, thunderstorms, snow, and fog that occurred over the
territory of the Czech Republic in the 1851-2025 CE period. Each of the presented case studies focuses not only on the
meteorological or hydrological situation but particularly on describing the locations and circumstances leading to the loss of

human lives, including the sex and age of the fatalities.

2 Data

2.1 Czech Republic
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The Czech Republic (further as CR) is located in Central Europe (Fig. 1), covering an area of 78,866 km?. The territory
comprises various geographic units, from lowlands to mountains, with an average altitude of 390 m asl (with an altitudinal
range from 115 to 1603 m). The western part of the CR belongs to the Labe (Elbe) catchment, the eastern part particularly to
the Morava catchment and Odra (Oder) catchment. Three historical lands, namely Bohemia in the western part and Moravia
with southern Silesia in the eastern part of the CR, were historically considered as Czech Lands. Until 28 October 1918 they
formed Kingdom of Bohemia, being part of the Austrian empire (Austrian-Hungarian empire from 1867), followed by
Czechoslovakia, when Slovakia and Transcarpathian Ukraine joint Czech Lands. After the Munich Agreement on 30
September 1938, the Czech Lands lost the Sudetenland, and following Nazi occupation on 15 March 1939, they became the
Protectorate of Bohemia and Moravia (with Slovakia separating), existing until the end of the World War II in 1945. From
1948 to the so-called Velvet Revolution in 1989 Czechoslovakia was a communist country. From 1 January 1993
Czechoslovakia was split into the Czech and Slovak Republics. In 2004, the CR joined the European Union. During the whole
1850-2025 period, Praha (Prague) was a capital of the country. While the population of the Czech Lands to 1 July 1850 CE
was 6 826 465, to 1 July 2025 the number of CR inhabitants achieved 10 886 878, with continuously growing proportion of
urban population (Czech Statistical Office, 2026). But the population density within Czech Lands was uneven. On average,
the highest concentration of inhabitants was found in the industrial areas of the northern half of the territory in the foothills of
the border mountains, where a denser urban and railway network was consequently created. The southern half remained more

sparsely populated, less urbanized, and more oriented towards agriculture (Kédrnikovd, 1965; Srb, 2004).

o— Poland

Bohemia

=
Slovakia

0 50 100 km
L0 1 s

Austria

Figure 1. Location of the Czech Republic in Central Europe, its historical parts and physical-geographic patterns (data source:
ArcCR 500 v2.0).
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2.2 Fatality sources

Information on weather-related fatalities over the territory of the Czech Republic (hereafter CR) can be extracted from various
types of documentary evidence, which include the following data sources:

(i) Newspapers and magazines

Newspapers and magazines, that covered the whole analyzed period, have always been interested in publishing reports about
hydrometeorological extremes, describing in varying degrees of detail not only their course and the damage caused but also
fatalities and injuries. This is especially true concerning extraordinary events in terms of human memory or their impacts on
society in material damage and fatalities. For example, Moravské noviny (17 Dec. 1868, p. 604) reported on 2 deaths during a
windstorm on 7 December 1868 (for locations not specified in the following figures, see Fig. Al): “On the same day, when
the windstorm horribly raged over Moravia, in Annin at Tovacov a misfortune befell several day labourers who were threshing
grain in a barn. Due to the horrible windstorm, they were not able to open the barn gate and leave the barn before it collapsed.
One of the labourers died immediately; the second one died soon due to serious injury; the third, with broken arms and legs,
barely survives, only the fourth man escaped through a hole that opened in the ruins of the barn.”

(ii) Registers of deaths

Registers of deaths were official records of deaths for state purposes and were kept by Catholic and Protestant priests at
individual parishes and usually collected information about the name, sex, age, cause, and place of death. These are particularly
valuable for finding additional detailed information when other documentary sources have incomplete information or report
only the total number of deaths. For example, “lung paralysis due to drowning in flood” was mentioned on 16 May 1889 in
Prichovice as the cause of death for the three children of the miner Matéj Suchy, namely his son Josef (12 years) and daughters
Marie (6 years) and Barbora (9 years) (archival source AS2). On 17 May 1906, a lightning strike killed 24-year-old Marie
Stérbovi at home in OstroZskd Novd Ves (AS1). Registers of deaths were maintained by church offices until 1949, when based
on the act No. 268/1949 Coll. (Sbirka zdkont, 1949) this agenda was transferred to the state administration.

(iii) Epigraphic sources

Many weather-related fatalities are documented in epigraphic sources. These are represented particularly by memorial plaques
commemorating such events, located on special memorials, buildings, crosses, or natural surfaces like rocks or stones. These
monuments primarily memorialize those killed by lightning and floods, as well as in train or plane accidents, among other

causes. For example, Fig. 2 shows various memorials to 3 further considered disastrous events in the Czech Lands.
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Figure 2. Memorials to fatalities of disastrous events: (a) flood of 25-26 May 1872: the stone cross of seven victims in Stebno (Prudky,
2017); (b) snow of 10 November 1868: the memorial of 22 victims of the train crash in Cerhovice (source: Mapy.com — Mapy, 2025a);
(c) flood of July 1997: the memorial of 9 victims in Troubky (source: Mapy.com — Mapy, 2025c).

(iv) Professional papers

Extreme hydrometeorological events with significant damage and fatalities have always been reported in specialized papers
or reports. For example, the “Agency for Statistics of Field and Forest Management in the Bohemian Kingdom” reported on
the meteorological, hydrological, and damage features of the 25-26 May 1872 flash flood in western Bohemia (Bernat, 1872;
Kofistka, 1872). Other disastrous floods were reflected in special publications, such as those in Bohemia from 3—4 September
1890 (e.g., BeneSovsky-Vesely, 1890; Augustin, 1891) or 30-31 July 1897 (e.g., Anonymous, 1897a, 1897b, 1897¢). Cyronl
and Kotrnec (2000) focused on the flash flood in the Sardice region from 9 June 1970, and Matgjicek and Hladny (1999)
described the floods from July 1997 in the eastern part of the CR.

(v) Internet sources

Using appropriate keywords, information about disastrous fatal events can be found on the internet. While some particularly
disastrous events are frequently discussed on Wikipedia, other unknown local sources explaining detailed aspects of such
events can be found elsewhere online. For example, the flash flood of 17 May 1889 in the Prestice region was described in
detail, citing newspaper reports, on the Facebook page of SIV 79 (2013). The most deadly railway accident in the CR, which

occurred in dense fog on 14 November 1960 near Stéblov4, was reported in detail by Strejcova (2025).
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2.3 Meteorological and hydrological data

To characterize circulation/synoptic patterns related to the selected deadliest events, maps of sea level pressure, air temperature
at the 850 hPa level, and in some cases wind speed for the corresponding days and hours were used. The maps were downloaded
from Wetterzentrale webpage (Wetterzentrale, 2026); they visualize the Twentieth Century Reanalysis NOAA-CIRES-DOE
20CRv3 (Slivinski et al., 2019). This version 3 of the Twentieth Century Reanalysis covers the period 1836-2015 CE and can
reliably be used for atmospheric estimates on scales ranging from single weather events to long-term climatic trends (Slivinski
et al., 2021). As for in-situ meteorological data (precipitation totals, wind speed, air temperature), they were obtained from
measurements by meteorological stations of the Czech Hydrometeorological Institute (CHMI) or its predecessors, spatially
covering the area of the analyzed event. In a few cases, peak discharges of selected rivers from CHMI hydrological stations

were also used. These data were supplemented with information from published papers.

3 Methods

The internal database of the Institute of Geography, Masaryk University in Brno, contains information on weather-related
fatalities collected from various documentary sources from 1851 CE to the present. For each fatality, it includes: date of the
event; location; type of event; time of day; name of the casualty; sex; age; cause of death; place of death; type of fatality;
behavior of the fatality; and source of information. For some fatalities, however, characteristics may be incomplete. This
database allowed for the selection of the 13 deadliest events (with at least 20 fatalities each) attributed to sudden weather
phenomena, namely rainy floods (25-26 May 1872; 17 May 1889; 3—4 September 1890; 30-31 July 1897; 9 June 1970; July
1997), windstorm (7 December 1868), convective storm (4 July 1929), thunderstorm (17 May 1906), snow (10 November
1868), and fog (23 February 1945; 14 November 1960; 30 October 1975).

Each selected event was described by its meteorological pattern (synoptic map) leading to the event, its course, and the
circumstances, with a focus on the number, spatial distribution, and characteristic features of the fatalities regarding their sex
and age. While synoptic maps show situations at various times in Universal Time Coordinated (UTC), other exact times during
the day are expressed in local mean time (LMT) or Central European Time (CET, i.e., UTC + 1 hour). The geographical data
from ArcCR 500 v2.0 were used for creation of maps showing in figures municipalities with fatalities. The level of detail in
description of each selected events depends on the availability of sources, an acceptable style of presentation, and the scope of

this article.

4 Results
4.1 Floods

Floods originating from long-lasting continuous rain or from shorter heavy torrential rain (flash floods) most commonly cause

fatalities due to collapsing houses and bridges, by drowning in water torrents, mudflows, heart attacks, and incidents occurring

6
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during rescue operations, among other causes. Flash floods, with their sudden onset in areas outside the core triggering rainfall,

have had many fatalities, particularly in night, when people were already sleeping at home.

4.1.1 The flood of 25-26 May 1872

The synoptic situation of 25 May 1872 was determined by an upper-level trough extending from the north over Western Europe
and a significant temperature boundary between cold and warm air over Western and Eastern Europe, respectively. At this
stationary front, a wave deepened into a cyclone with its center moving from the southwest over central Bohemia (Fig. 3a).
Thus, substantial wind shear appeared over western Bohemia, with northeast and southwest winds at the ground and aloft,
respectively (Miiller and Kakos, 2004). The vertical wind shear contributed to the longevity and only slow movement of
convective storms, so in some places it rained intensely for up to 12 hours with breaks. While the highest daily totals at standard
meteorological stations around the most affected region reached no more than 48 mm in Pfibram (474 m asl) (Fig. 3b), based
on water levels in open containers, as much as 237 mm likely fell in c. 90 minutes in Mladotice and 289 mm in c¢. 12 hours in
Meécholupy (Kofistka, 1872). Despite the lack of systematic hydrological measurements at that time in western Bohemia
(Elleder et al., 2020), extreme precipitation totals led on 25-26 May to a flash flood that was the largest known not only on
small streams (as indicated by flood marks and documentary sources) but also on the Berounka River, which has a catchment
of almost 9,000 km?. The collapse of many ponds contributed to the magnitude of the disaster.

Bernat (1872) reported only briefly a figure of 230 fatalities in 24 municipalities in the Berounka and BlSanka catchments. The
highest number, 48 fatalities, was reported for Nebfeziny, followed by 42 in Holede¢, 27 in Hiedly, and 26 in Zelezna (Fig.
3c). In addition, 5 corpses swept away by water were reported in Sifem and 3 in Libofice. Extracting information from
newspapers and registers of deaths allowed for the identification of 244 fatalities (Fig. 3d), of whom 99 (40.6 %) were female,
68 (27.9 %) were male and for 77 (31.5 %), the sex of the victims remained unknown. Children accounted nearly to 30 % of
fatalities (17.6 % aged 5—14 years and 11.9 % aged 0—4 years), while above the 25-34 age category (10.2 %) proportions
gradually declined toward the 65+ category (2.5 %). For 63 fatalities the age remained unknown (36 males and 27 females).

Further, age and sex of 14 victims (5.7 %), specified as “family members”, were unknown.
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Figure 3. The flash flood of 25-26 May 1872 in western Bohemia: (a) sea level pressure (hPa) and air temperature at the 850 hPa
level on 25 May at 12 UTC (Wetterzentrale, 2026); (b) daily precipitation totals (mm) on 25 May; (c) municipalities with the number
of fatalities according to Bernat (1872); (d) distribution of fatalities according to sex and age.

This tragic flash flood destroyed or partially damaged buildings, agricultural objects, bridges, roads, etc. (visualized on 68
drawings by E. Herold in Svétozor between 7 June and 13 September 1872), and the financial cost was calculated at 8.855
million guldens (for comparison: in 1871, the cost of a planned 38 km-long single-track railway in southern Bohemia was
4.298 million guldens). Extreme precipitation totals contributed to a landslide that created a barrier for the origin of the
Odlezelské jezero Lake, unique in the Czech Massif during historical times (Jansky, 1976, 1977). The May 1872 flood was
analyzed in many papers (besides those cited above, see e.g., SkrejSovsky, 1872; Harlacher, 1873; Elleder et al., 2012) and
was also reflected in a shopkeeper song entitled “A new song about the ruptures of the clouds and the great flood in Bohemia

on 25 May 1872” (Krejza, 1872).
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4.1.2 The flood of 17 May 1889

On 16 May 1889, atmospheric conditions were determined by a high-pressure system over Scandinavia and a shallow
depression over the Mediterranean. From there, warm and moist air penetrated Central Europe (Fig. 4a). The thunderstorms
that caused the flood formed in a weak easterly flow. Under such circulation patterns, storm systems tend to be stationary, so
intense precipitation can fall for several hours in the same area. This occurred on the night of 16/17 May in the Pfestice region
in western Bohemia, where precipitation totals of more than 50 mm were recorded over an area of several hundred km? (Fig.
4b). The highest total of 180 mm was measured at the Kbel station (445 m asl) within 2.5 hours. The subsequent flash flood
appeared particularly on the otherwise small VI¢i and Pfichovicky potok Brooks and their tributaries (Plzeriské noviny, 21 May
1889, pp. 1-2; SIV 79, 2013) (Fig. 4c). Because 16 May is the feast day of Jan Nepomucky (St John of Nepomuk), a patron
saint of Bohemia, the flood was called Janskd povoder (John’s Flood).

The nighttime occurrence of the triggering rainfall and flash flood meant that many victims were caught in their beds. In the
most affected municipality, Jino, 27 people died in collapsing houses (7 houses destroyed, 20 damaged, water reached a height
of c. 2 m) or were swept away by floodwaters (Fig. 4c). 7 persons died in a destroyed sawmill owned by Count Harrach in
Luh, and the same number died in the destroyed Libstejnsky Mill near Vitounl. Another 10 fatalities at the Pfichovicky potok
Brook were reported in Prichovice and 5 in Radkovice. Of the 57 documented fatalities, females slightly prevailed (28, i.e.,
49.1 %) compared to males (25, i.e., 43.9 %), while the sex was not specified for 4 victims (7.0 %) (Fig. 4d). High proportions
of fatalities concerned children’s categories (28.1 % for 5-14 years and 14.0 % for 0—4 years) and young people (19.3 % for
15-24 years). Besides fatalities, the broader area suffered damage to houses, agricultural objects, bridges, roads, ponds, and

fields, as well as the drowning of livestock and domestic animals and so forth.
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Figure 4. The flash flood of 17 May 1889 in the Pfestice region: (a) sea level pressure (hPa) and air temperature at the 850 hPa level
on 16 May at 18 UTC (Wetterzentrale, 2026); (b) daily precipitation totals on 16 May; (c) municipalities with the number of fatalities;
(d) distribution of fatalities according to sex and age.

4.1.3 The flood of 3-4 September 1890

On 25-26 August 1890 and again on 29-30 August, the Vltava basin in Bohemia was on the cold side of a wavy front separating
cold and warm air masses over Northwestern and Southeastern Europe, respectively. Frontal waves moving along the boundary
to the northeast brought precipitation of several tens of millimeters to the basin and increased its saturation to twice the normal
level. At the end of August, zonal flow over the northeast Atlantic was blocked by a high anticyclone, along the front of which
cold air flowed to the western Mediterranean and formed a cut-off low in the higher troposphere. On 1 September, a surface
cyclone formed at the edge of the cold drop over northern Italy and moved to the northeast along the so-called Vb track (van
Bebber, 1881). In the cold sector of the cyclone with northern winds (Fig. 5a), persistent precipitation fell and was highest in

southern Bohemia (Fig. 5b). Although the maximum daily total reached only 97.6 mm on 2 September at the Kopce station

10



225 (590 m asl), the three-day rains combined with the previously saturated basin led to heavy flooding, mainly on the VItava
River (with peak discharge corresponding to a 100-year return period — Brazdil et al., 2005) and its tributaries.
On 3 September 1890, as the water level of the Vltava in Prague rose, army pioneers worked on a pontoon for dismantling of
an exercise bridge. Unfortunately, the pontoon was swept away under part of the stone Charles Bridge, resulting in the deaths
of 20 soldiers (Ndrodni listy odpoledni, 3 Sep. 1890, p. 2; ibid., 4 Sep. 1890, p. 2; Ndrodnf listy, 4 Sep. 1890, p. 3). Another

230 four people drowned in the Vltava after a section of the Charles Bridge collapsed (Fig. 5¢) at 0530 LMT on 4 September, when
the river reached its peak flow: an 18-year-old workman, two confectionery apprentices who came to see the floodwaters, and
a woman bringing milk to Prague (Ndrodni listy, 5 Sep. 1890, p. 1, 2). It was only the third case since the construction of the
bridge in 1357-1432 CE that any part of it collapsed during a flood (the previous cases were on the night of 30/31 July 1432
and on 28 February 1784). To the 24 fatalities recorded in Prague, one must add a man who drowned in Vrchlice Stream in
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Figure 5. The flood of the VItava River on 3—4 September 1890 in Bohemia: (a) sea level pressure (hPa) and air temperature at the

850 hPa level on 2 September at 12 UTC (Wetterzentrale, 2026); (b) precipitation totals on 1-3 September 1890 in Bohemia; (c) the

damaged Charles Bridge on the Vitava River in Prague (from the J. Eckert studio, Museum of the City of Prague, catalogue no.
240  29.416).
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4.1.4 The flood of 30-31 July 1897

On 28 July 1897, cold air flowed into the western Mediterranean and formed a cut-off low. A surface cyclone formed at the
edge of the cold drop over northern Italy and moved along the Vb track into Central Europe. However, its further movement
to the northeast was blocked by an anticyclone over Eastern Europe, which made the cyclone stationary above southeastern
Poland on 29 July (Fig. 6a). Warm, moist air from the eastern Mediterranean flowed around the cyclone and reached its cold
sector, where strong northerly winds blew due to the extreme pressure gradient between the cyclone and another anticyclone
over Western Europe. Thus, persistent rains in the cold sector were significantly enhanced in the zonally oriented mountains
of northern Bohemia (Fig. 6b). Extreme daily precipitation totals were recorded on 29 July 1897: 345.1 mm at Nova Louka
(780 m asl) and 300 mm at Jizerka (870 m asl) in the Jizerské hory Mts., 266 mm at Pec pod SnéZkou (812 m asl), and 239
mm at Snézka Mt. (1605 m asl) in the KrkonoSe Mts. (Munzar et al., 2008). The total of 345.1 mm remained the highest
recorded daily total in the CR until 14 September 2024, when a new maximum of 385.6 mm was recorded at the Lou¢n4 nad
Desnou-Svycdrna station (1306 m asl) in the Hruby Jesenik Mts. (Lipina et al., 2024). Steep slopes and high soil moisture
from previous rains triggered subsequent disastrous floods on mountain rivers.

Because papers dealing with the 1897 flood (e.g., Anonymous, 1897a, 1897b, 1897¢) focused mainly on detailed descriptions
of damage, particularly in northern Bohemia, descriptions of fatalities are incomplete and less detailed. Among 36
municipalities with victims (Fig. 6¢), the most tragic situation occurred in the KrkonoSe Mts. For example, 17 people preparing
for a wedding in the ‘Breiter House’ in Dolni MarSov died when the house collapsed under the pressure of torrential water
from the Upa River. Furthermore, a mudflow caused by heavy rainfall killed 8 people in 3 homesteads on the slope of “Obi{
dal” within the cadastre of Pec pod SnéZkou. Documentary sources identified 88 fatalities, of whom 43 (48.9 %) were male,
29 (32.9 %) female, and in 16 cases (18.2 %), the sex was unspecified (Fig. 6d). Age was identified for 52 victims (59.1 %),
with the highest proportions in the 55-64 (10, i.e., 11.4 %) and 3544 (9, i.e., 10.2 %) age categories. Beyond the Czech Lands,
this flood also affected Upper and Lower Austria, Germany, and Poland; at least 167 fatalities were reported across Central

Europe during this event (Munzar et al., 2008).
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265 Figure 6. The flood of 30-31 July 1897 in the Czech Lands: (a) sea level pressure (hPa) and air temperature at the 850 hPa level on

29 July at 18 UTC (Wetterzentrale, 2026); (b) daily precipitation totals over the Czech Lands on 29 July; (c¢) municipalities with the
number of fatalities; (d) distribution of fatalities according to sex and age.
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4.1.5 The flood of 9 June 1970

On the afternoon of 9 June 1970, thunderstorms with torrential rain developed in warm, moist air approaching Central Europe
from the southeast between a high over Northern Europe and a shallow low over the western Mediterranean (Fig. 7a).
According to convective parameters calculated from pseudo-soundings of the reanalysis ERAS (Hersbach et al., 2020),
conditions were slightly favorable for the development of deep convection. As in May 1889 (see Sect. 4.1.2), convective storms
did not move significantly for several hours. Thus, high precipitation totals occurred at some locations (Fig. 7b). Cyroii and
Kotrnec (2000) estimated a total of c. 195 mm during 2 hours in the core area. Zdénice (228 m asl), the only CHMI station in
the core region, recorded 133.6 mm between 1640 and 1920 CET. Other CHMI stations measured much lower totals (39.3 mm
at Kyjov, 200 m asl, located to the southeast, and 34.3 mm at Kory€any, 290 m asl, located to the northeast).

The subsequent flash flood of small streams in southeastern Moravia resulted in a disaster at the Dukla lignite mine in Sardice.
An extreme volume of water led to the formation of a large lake at the mine, 2 m deep and c. 100 m wide, followed by a sudden
burst of water, mud, and sand into the mine galleries (Mika and Hurt, 1986). In total, 32 km of corridors and shafts, together
with all the workplaces and machinery, were flooded. The undermined ground collapsed in many places, creating broad and
deep craters (Fig. 7c). Despite the concentrated efforts of over 200 rescuers, 34 miners from 13 municipalities aged between
19 and 53 died in the flooded mine: 11 men (31.4 %) were in the 15-24 age category and 9 (25.7 %) in each of the 25-34 and
35—44 categories (Fig. 7d). Besides the 34 miners, a 3-year-old girl drowned in Kyjov when she fell into a flooded cellar (Rudé
Prdvo, 11 June 1970, p. 1). In the affected area of approximately 50 km?, encompassing 22 municipalities, significant damage
occurred to 680 houses, 6,000 ha of farmland, sewer systems, watercourses, domestic animals, and other assets (Rovnost, 17

June 1970, p. 1).
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Figure 7. The flash flood of 9 June 1970 in southeastern Moravia: (a) sea level pressure (hPa) and air temperature at the 850 hPa
level on 9 June at 18 UTC (Wetterzentrale, 2026); (b) daily precipitation totals in southeavstern Moravia (maximum totals in 2 core
areas: 63 mm at Brno-Kninic¢ky (240 m asl), 134 mm at Zdanice; the + symbol indicates Sardice) (Brazdil et al., 2019); (c) a crater

created by the collapse of the upper part of the Dukla mine at Sardice (Cyroii and Kotrnec, 2000); (d) distribution of fatalities
according to sex and age.

4.1.6 The flood of July 1997

Long and intense regional rains in July 1997 fell in the cold sector of a Mediterranean cyclone that passed along the Vb track
over Central Europe. However, the cyclone remained in the same position for several days (Fig. 8a), so extremely high
precipitation totals lasted from 5 to 8 July in Moravia and Silesia. Due to the large pressure gradient west of the cyclone’s
centre, precipitation was significantly enhanced in the mountains, particularly in the Hruby Jesenik Mts. and the
Moravskoslezské Beskydy Mts. (Fig. 8b). On 6 July, 4 stations recorded more than 200 mm (daily maximum of 233.8 mm at
Lysa hora Mt., 1324 m asl) and 9 other stations more than 150 mm each. Extreme precipitation caused flooding on many rivers
with peak discharges on 7-8 July (Fig. 8b). On 7 July, peak discharges corresponding to a return period > Q0o were achieved
at 16 CHMI hydrological stations, Qigo at one station, and > Qso at 2 stations. On 8 July, discharges > Qioo occurred at 7
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stations, Qoo at 2 stations, > Qsp at one, and Qsp at 2 other stations. Over the following days, discharges of > Qg appeared
downstream along the River Morava (Matéjicek and Hladny, 1999).

The disastrous flood claimed a total of 58 fatalities, located in 32 municipalities in Moravia and Silesia and in 2 localities in
Bohemia (Fig. 8c). The most tragic situation was in Troubky on the River Bec¢va, where 9 people died during the night of 7/8
July (see Fig. 2c), followed by 5 victims in Ostrava and 4 in Opava. Sex and age were identified for 54 fatalities, of whom 41
were men (70.7 %) and 13 were women (22.4 %), while for 4 other reported victims (6.9 %) no such details were available
(Fig. 8d). The maximum of 13 fatalities occurred in the 65+ age category (24.1 %), and the same proportion characterized
fatalities with unknown age. The second age category was 45-54 years with a proportion of 18.5 %, and the third was 15-24
years with 11.1 %. Three additional suicides were also connected with this flood, meaning the total number of fatalities reached
61.
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Figure 8. The flood of July 1997 in the eastern part of the Czech Republic: (a) sea level pressure (hPa) and air temperature at the
850 hPa level on 6 July at 18 UTC (Wetterzentrale, 2026); (b) precipitation totals on 5-8 July 1997 and N-year return period of peak
discharges Qx > 50 years for hydrological stations of the CHMI (Brazdil et al., 2019); (c) municipalities with fatalities (number in
brackets): 1 — Bohdikov (1), 2 — Bohumin (1), 3 — B¥eclav (1), 4 — Ceska Tiebova (1), 5 — Cesky Sternberk (2), 6 — Dolany (1), 7
— Dvorce (2), 8 — Frydek-Mistek (1), 9 — Hranice (1), 10 — Hustopece nad Be¢vou (1), 11 - JindFichov (1), 12 — Karlovice (2), 13
— Komorni Lhotka (1), 14 — Krnov (2), 15 — Kroméiiz (1), 16 — Lesnice (1), 17 — Lestina (1), 18 — Mésto Albrechtice (1), 19 — Nové
Losiny (1), 20 — Olomouc (3), 21 — Opava (4), 22 — Ostrava (5), 23 — Pise¢na (1), 24 — Prosenice (1), 25 — Pferov (3), 26 — Ruda nad
Moravou (1), 27 — Stien (1), 28 —Sumperk (1), 29 - Tlumaéov (1), 30 — Troubky (9), 31 — T¥inec (1), 32 — Vernifovice (1), 33
— Zadverice-Rakova (1), 34 — ZaviSice (2); (d) distribution of fatalities according to sex and age.

4.2 Windstorms

Strong winds can be connected either to windstorms caused by large horizontal pressure gradients, with a duration ranging
from a few hours to several days, or to convective storms accompanying the formation of cumulonimbus (Cb) clouds, with
high winds of shorter duration (e.g., squalls, tornadoes, downbursts). Related fatalities are attributed particularly to people
being killed by falling objects (tree branches, uprooted trees, beams) and destroyed structures (collapse of a barn, chimney,
parts of roofs, roofing tiles), but also to people being struck by wind on the ground, capsized boats, fallen power lines, among

other causes.

4.2.1 The windstorm of 7 December 1868

Since 5 December 1868, the Czech Lands had been located in warm air south of a stationary atmospheric front extending from
the British Isles over the North and Baltic Seas to the east. Individual frontal waves moved along this boundary from west to
east. One of them deepened over Denmark on the night of 6/7 December, significantly increasing the horizontal pressure
gradient between the frontal cyclone and the high over the Mediterranean. On the morning of 7 December, the flow of warm
air into the Czech territory peaked, as evidenced by a temperature of 14.5 °C reached at 0700 CET at the Prague-Klementinum
station (191 m asl). The maximum wind speed was reached in the warm sector of the cyclone and in connection with the
subsequent passage of a rapidly advancing cold front from the northwest (Fig. 9a,b). A severe windstorm hit the Czech territory
on 7 December, when hurricane-force winds raged especially between 0900 and 1600 LMT.

Of the 27 fatalities during this windstorm, recorded in 21 municipalities over the whole country (Fig. 9c), 4 people were killed
in Bilovec by falling beams and roofing tiles (Bohemia, 11 Dec. 1868, p. 3854), and 2 people died in each of 3 other places:
Annin (see Sect. 2.2, point i), Novy Ji¢in, and Prague. Regarding sex, 17 victims (63.0 %) were male, 4 were female (14.8 %),
and the sex of the 6 remaining fatalities (22.2 %) was not reported in newspapers (Fig. 9d). It was only possible to find the age
for 9 fatalities (33.3 %), 3 of whom were in the 55-64 age category. At least 38 people were also injured, many seriously

(Brazdil et al., 2017).
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Figure 9. The windstorm of 7 December 1868 in the Czech Lands: (a) sea level pressure (hPa), air temperature and (b) wind speed
at the 850 hPa level at 12 UTC (Wetterzentrale, 2026); (c) municipalities with fatalities; (d) distribution of fatalities according to sex
and age.

The severity of the windstorm was evident from 237 identified locations with damage to buildings and other structures, trees,
telegraph lines, railway equipment, and so forth. Forests were particularly damaged; HoSek (1981) reported damage to 6
million m? of solid wood, while a more careful analysis by Brazdil et al. (2017), based on data from 273 forest districts
throughout the Czech territory, calculated 4.89 million m®. Damage and fatalities during this windstorm were also reported in

the broader territory extending from the British Isles, over the Netherlands, Belgium, and Germany, to Austria and Poland.

4.2.2 The convective storm of 4 July 1929

On 4 July 1929, an upper-level trough over the North Atlantic and a high-pressure ridge over Southeastern Europe drove the
flow of warm air from the southwest into Central Europe (Fig. 10a). A significant cold front was located west of Bohemia,
where maximum air temperatures rose to 30-35 °C. Strong convective activity followed in the evening, with thunderstorms
moving along the frontal boundary from the southwest to the northeast. Thunderstorms were reported in central Bohemia

(Prague) at 1900 CET and in Moravia between 2000 and 2200 CET. They were accompanied by a heavy windstorm, hail,
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and/or downpours. Several tornadoes also occurred. The only meteorological station measuring wind gusts at that time, Prague-
Karlov (260 m asl), recorded a maximum of 28.9 m s~!, which was not exceptionally high.

While in Prague one man was killed after picking up a phone wire thrown by the storm onto a power line, stronger winds in
other parts of the country were responsible for a total of 32 fatalities and dozens of seriously and slightly injured people. With
the exception of Namést' nad Oslavou, these were concentrated in 17 municipalities in Bohemia, particularly its eastern part
(7 fatalities in Hradec Krdlové and 5 in Pardubice), though 4 deaths were also mentioned by newspapers in Tédbor in the
southern part (Fig. 10b). The affected municipalities formed a belt extending across Bohemia from the southwest to the
northeast, clearly indicating the position of the cold front with the deadliest impacts. Although people died primarily as a
consequence of high winds, 2 people also died from lightning strikes. A total of 20 male fatalities, representing 62.5 % of all
victims, was numerous than that of female (11, or 34.4 %); the sex was unknown for one person (3.1 %) (Fig. 10c). Age
information was available for only 11 individuals (34.4 %), with the highest proportion of deaths in the 15-24 age category (4
fatalities, i.e., 12.5 %).
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Fig. 10. The convective storm of 4 July 1929 in the Czech Lands: (a) sea level pressure (hPa) and air temperature at the 850 hPa
level at 18 UTC (Wetterzentrale, 2026); (b) municipalities with fatalities; (c) distribution of fatalities according to sex and age.

A broad range of damage during this storm affected forests (c. 3.018 million m? of damaged wood — HoSek, 1981), buildings,
churches, industrial and other structures, fruit trees and gardens, railway transport, power cables, and telephone lines. This

damaging event was also reported in Austria, Germany, and Switzerland (Brizdil et al., 2017). More specific, according to
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European Severe Weather Database (2026), the affected area stretched from the region of Lake Constance up to the

Wielkopolskie region in Poland, and from the Vienna area up to northern Brandenburg region in Germany.

4.3 The thunderstorms of 17 May 1906

On 17 May 1906, the Czech Lands were affected by many thunderstorms. They originated in warm air expanding into Central
Europe from the east within the northern sector of a shallow cyclone centred over the Mediterranean (Fig. 11a). Under these
conditions, Moravia and Silesia were most susceptible to thunderstorms.

At the Evangelical cemetery at Konakov (now part of Cesky T&n), about 70 people attending an afternoon burial were
surprised by a sudden thunderstorm. Some sheltered in a bell tower, which was subsequently hit by a lightning strike (Lidové
noviny, 18 May 1906, p. 4; Rovnost, 21 May 1906, p. 5; Opavsky tydennik, 23 May 1906, p. 4). A total of 13 people were
killed on the spot and 23 others were injured. Among the victims were 8 men between 35 and 71 years old, 4 women between
21 and 40 years old, and an 8-year-old boy (Fig. 11b). 7 other people from 6 municipalities were killed by lightning strikes on
the afternoon of the same day during field or forest work, on their way back from fields, or directly inside of buildings (Fig.
11c). This means that a total of 20 people died due to lightning strikes on 17 May: 13 men (65 %) and 7 women (35 %). One
quarter of them (25 %) were in the 3544 age category, and one fifth (20 %) were in the 15-24 category (where women were

more numerous), followed by 15 % in the 45-54 and 55-64 age categories (Fig. 11d).
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Figure 11. The thunderstorms of 17 May 1906 in the Czech Lands: (a) sea level pressure (hPa) and air temperature at the 850 hPa

level at 12 UTC (Wetterzentrale, 2026); (b) memorial plaque of 13 lightning fatalities at the Koniakov cemetery (Qasinka, 2009); (c)
municipalities with fatalities; (d) distribution of fatalities according to sex and age.

4.4 The snow of 10 November 1868

From 5 November 1868, cold air penetrated Western Europe from the north, leading to the formation of a stationary
atmospheric front extending from southern Spain through Central Europe to the Baltic. A frontal cyclone formed over the
western Mediterranean and moved northeastward along the Vb track on the night of 8/9 November. Warm, moist air flowed
into Eastern Europe from the Mediterranean on the front side of the cyclone, circled around its centre, and penetrated the Czech
territory at higher levels (Fig. 12a,b). The southwestern part of the Czech territory lay in the cold rear sector of the cyclone

near a retrograde warm front, which produced heavy precipitation. The Prague-Klementinum station recorded 52.6 mm
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between the mornings of 9 and 10 November (the highest daily total of the winter half-year from 1894 CE to the present). In
405  Plzen, it snowed from the evening of 8 November to the morning of 11 November, with daily precipitation totals of 24.8 mm
and 19.4 mm on 9 and 10 November, respectively. Temperatures between 1 and 3 °C during these days in Prague and Plzen
explain the extraordinary amount of snow falling in the hilly area between the two cities.
On 10 November 1868 at 0400 LMT, an ordinary passenger train departed from Plzeni in western Bohemia bound for Prague
(Fig. 12¢). 281 passengers, of whom 244 were men of a Hungarian infantry regiment (Slovaks and Hungarians) returning from
410 an Italian expedition and going on holiday, were travelling in the last 4 carriages. Large snowdrifts caused the train to stop in
ijezd at Cerhovice. Around 0600 LMT, a freight train, which had been following behind, collided with the stationary
passenger train (Fig. 12d). 22 soldiers died during the crash and were buried in Cerhovice (see Fig. 2b). Another 61 heavily
injured men were transported to the military hospital in Prague, where 9 more died later, resulting in a total of 31 (Zahradnik,
2013). Information about total fatalities, however, differs according to various sources: for example, Svétozor (20 Nov. 1868,

415 p. 444) mentioned 35 victims, while Plzerniské listy (14 Nov. 1868, no pagination) mentioned even 59.
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Figure 12. A tragic train crash in Ijjezd at Cerhovice on 10 November 1868: (a) sea level pressure (hPa), air temperature and (b)
wind speed at the 850 hPa level at 00 UTC (Wetterzentrale, 2026); (c) geographic situation of train crash; (d) drawing of the crash
by F. Chalupa from Svétozor (20 Nov. 1868, p. 443).
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4.5 Fog

Significantly decreased visibility during thick fog, combined with human error, contributed to the deadliest train accident and

2 of the deadliest plane accidents in the territory of the CR.

4.5.1 The fog of 23 February 1945

On the night of 23 February 1945, during World War II, an overloaded German military plane, a Junkers JU 52 with 8 crew
members (including 4 from a plane that had crashed the same night at the airport in Breslau, now Wroctaw, Poland) and 20
injured soldiers, flew from besieged Breslau toward the Dresden-Klotzsche airport (Germany) (Krej¢i, 2014). Given the
location of the war front to the west, the plane likely flew a roundabout route over Czech territory (Fig. 13b), which was still
occupied by the German army. It thus approached the main ridge of the KrkonoSe Mts. from the southeast. There were reports
of strong winds and snowfall, but this is confirmed neither by the synoptic situation (Fig. 13a) nor by data from the
meteorological station on the highest peak, SnéZka Mt. (1605 m asl): no snowfall was recorded and the mean wind speed was
only 12-15 m sl Nevertheless, the station recorded visibility of only 400 m due to fog and blowing snow throughout the night.
Due to a combination of a navigation error and low visibility, the aircraft crashed at 0345 LMT on the slope of “Slune¢ni jadma”
in the KrkonoSe Mts. at an altitude of ¢. 1360 m asl. A total of 24 soldiers died in the crash itself, froze to death afterward, or
died from exhaustion. The majority were in the 25-34 age category (10 men, i.e., 41.7 %), followed by 6 (25.0 %) in the 15—
24 age category (Fig. 13c). Age was not identified for 5 soldiers (20.8%). In terms of the number of fatalities, it was the largest
aircraft crash over Czech territory during the Second World War, and has been commemorated since 2001 by a memorial

plaque (Fig. 13d; Krej¢i, 2014; Archa Krkonos, 2026).
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Figure 13. The air crash at “Sluneéni jama” in the Krkonose Mts. on 23 February 1945: (a) sea level pressure (hPa) and air
temperature at the 850 hPa level at 00 UTC (Wetterzentrale, 2026); (b) the scheduled flight lane and place of crash; (c) distribution
of fatalities according to sex and age; (d) the memorial plaque with the inscription: “On 23 February 1945, 23 German soldiers died
here in the fall of a plane” (source: Mapy.com — Mapy, 2025b).

4.5.2 The fog of 14 November 1960

On 14 November 1960, a high-pressure ridge extended over Central Europe from the southwest (Fig. 14a). Radiative fogs
formed in lowlands overnight, as evidenced by 100 % air humidity at the Prague-Ruzyné aerological station on 15 November
at 00 UTC.

Under conditions of low visibility near Stéblova in eastern Bohemia (Fig. 14b), a passenger train from Liberec to Pardubice,
pulled by a steam locomotive, collided head-on with a motor passenger train from Pardubice to Hradec Kralové (Bébar, 2020).
The accident occurred because the passenger train left the Stéblova station without permission. A guard, who allegedly saw a
flash of green light in the fog, gave the engine driver the instruction to depart. Because of the dense fog, however, their
communication was only verbal. The engine driver did not recognize the stop instruction on the semaphore or the railroad
switch, which was not set in the train’s direction. At 1743 CET, c. 1.5 km from Stéblov4, the drivers of both trains saw each
other in the dense fog at a distance of ¢. 80 m, by which time it was impossible to stop. The wagons of the motor passenger

train were especially damaged; some travellers died not from the crash itself, but from a fire which started when fuel from the
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motor train was ignited by glowing coal from the steam locomotive. The accident claimed 118 lives (3 persons missing) and
caused 110 injuries (Strejcovd, 2025), representing the deadliest railway accident since the beginning of rail transport in the
CR (Fig. 14c). The main communist newspaper Rudé Prdvo included this tragedy on the front page of the 16 November issue
as areport from the Czechoslovak government. The article briefly summarized the accident, noting 110 deaths and 108 injuries,

the politicians visiting the scene, and the establishment of a governmental investigation commission, but it did not revisit the

event in detail in subsequent issues.
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Figure 14. The train accident of 14 November 1960 near Stéblova: (a) sea level pressure (hPa) and temperature at the 850 hPa level

at 18 UTC (Wetterzentrale, 2026); (b) geographic situation; (c) memorial to victims of the accident near Stéblova (source: Mapy.com
— Mapy, 2025d).

4.5.3 The fog of 30 October 1975

On 30 October 1975, a Yugoslavian plane, McDonnell Douglas DC-9, was transporting primarily Czech tourists from the
seaside resort of Tivat (now Montenegro) to the Prague-Ruzyné¢ airport. On this day, Bohemia was in the warm air within the
northern sector of a large high-pressure system (Fig. 15a). A west-northwest wind was blowing aloft. Therefore, the plane was
landing from the ENE on a runway oriented in a WSW-ENE direction (Fig. 15¢). At 06 UTC, a significant ground radiation
inversion was recorded at the Prague-Libus aerological station (302 m asl). The air temperature at the station was only 0 °C,
while 600 m higher it was 14 °C (Fig. 15b). The station was in fog with relative humidity of almost 100 %. The vertical extent

of the fog remains a question, as other data on air humidity in the inversion layer are missing. Based on the dew point of 4.4
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°C measured at 12 UTC at an altitude of 958 m asl, the thickness of the fog can be estimated at several hundred meters. High
relative humidity in the 6-11.5 km air layer revealed high cloud cover, which apparently hindered the process of fog dissolution
in the morning.

Flying in fog, the 40-year-old captain and 49-year-old co-pilot made the mistake of flying too low, failing to maintain the flight
altitude profile. Shortly before landing, at 0920 CET, the plane crashed into a cottage colony located on a promontory above
the River Vltava in Prague—Suchdol (Fig. 15d). In total, 75 people died on the spot and 4 more afterwards in the hospital
(among them 4 crew members). 40 other passengers and one stewardess survived the crash. The total number of fatalities
reached 80, as an older woman also died in a garden in the cottage colony where the plane struck (Krupka, 2020; Pola¢ek and
Svec, 2024). Had the accident not happened on a Thursday but during the weekend, the number of victims in the cottage colony

would certainly have been higher.
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Figure 15. The air crash in fog of 30 October 1975 in Prague: (a) sea level pressure (hPa) and air temperature at the 850 hPa level
at 06 UTC (Wetterzentrale, 2026); (b) vertical profile of the air temperature (T) and the dew point (1) at the Prague-Libus station
at 06 UTC - the reconstruction of both elements in the boundary layer using the dew point value at 12 UTC is shown by the dashed
line (source: Integrated Global Radiosonde Archive, NOAA, https:/www.ncei.noaa.gov/data/integrated-global-radiosonde-
archive); (c) planned trajectory of the plane for landing and the actual trajectory before the crash (Krupka, 2020); (d) place of the
air crash in the cottage colony (photo: Narodni archiv, Fond Utadu pro civilni letectvi — letecké nehody, in Pola¢ek and Svec, 2024).

5 Discussion

Although Europe generally does not belong to the continents with extremely high numbers of fatalities during individual
extreme weather events (e.g., WMO, 2021, 2023), in some cases such numbers may reach very high values. Excluding many

fatalities related to weather extremes of longer duration, such as heatwaves in summer or coldwaves in winter (though victims
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of coldwaves are surprisingly not accounted for in reported fatalities by WMO, 2021, 2023), floods are the deadliest sudden
weather-related events in Central Europe (e.g., Kundzewicz et al., 1999; Barredo, 2007; Chorynski et al., 2012; Bronnimann
et al., 2018).

Except for a single case involving a shipwreck (1890), all other deadliest floods in the CR were characterized by exceptionally
high rainfall intensity, caused either by convective storms (1872, 1889, 1970) or by orographic enhancement of stratiform
precipitation (1897, 1997) (see Sect. 4.1). The flood of May 1872, characterized by the highest known short-term rainfall
intensity over the territory of the CR, caused the most causalties. This event alone is comparable to cases from Southern Europe
and the Mediterranean, where hundreds of people have repeatedly died in flash floods. For example, several flash floods
occurred on the night of 22/23 September 1874 in many catchments in the eastern Ebro River basin (Catalonia, Spain), resulting
in 575 casualties (Ruiz-Bellet et al., 2015). Similarly, heavy rainfall of less than 3 hours on 25 September 1962, followed by
a flash flood in the River Llobregat catchment (Catalonia, Spain), resulted in 441 deaths and 374 missing persons (Llasat et
al., 2003). On 29 October 2024, torrential rainfall exceeding 300 mm locally in less than 24 hours led to flash floods in the
Valencia province (Spain), claiming 228 lives (Muiioz et al., 2025; Rombeek et al., 2025). In southern Italy, catastrophic rains
caused floods on 24—-25 October 1910 in a coastal area between Salerno and Conca dei Marii with 200 deaths, and on 25-26
October 1954 in the area of Salerno, Nocera, and Amalfi with 318 deaths (Esposito et al., 2003). In Portugal, heavy rainfall
during a storm on 25-26 November 1967 led to flash floods in small river catchments around the Lisbon metropolitan area,
which peaked between 2230 and 0230 UTC and resulted in at least 522 fatalities (Trigo et al., 2016). Chorynski et al. (2012)
cited among the 20 deadliest European floods since 1900 CE particularly Italy with 10 events and Spain and Romania with
three events each.

Besides floods, a high number of fatalities in Europe have been connected with storm surges causing coastal flooding,
particularly around the North and Baltic Seas. For example, an extreme coastal flood in the south Baltic Sea on 12-13
November 1872 was accompanied by 99 deaths in Denmark and 172 in Germany, while 23 people died during that storm in
Sweden (Hallin et al., 2021). The storm surge on 31 January—1 February 1953, which claimed 307 lives in southeast England
(58 on Canvey Island alone), 1836 in the Netherlands (Zuid-Holland, Nord Brabant and particularly Zeeland), 22 in Belgium,
and several in Germany (Gerritsen, 2005; Choi et al., 2018), is one of the most devastating natural disasters in Western Europe
during the 20th century. In Germany, a storm surge with consecutive flooding during the night of 16/17 February 1962 caused
the deaths of 315 people in Hamburg and a further 35 along the North Sea coast (Jensen and Miiller-Navarra, 2008; Jochner
et al., 2013).

Regarding fatalities related to individual windstorms or convective storms in the CR (see Sect. 4.2), their numbers generally
remained below those connected with the flooding events described above. A similar situation applies to such events on a
European scale, where higher numbers are reached by combining fatalities from several events occurring in short succession
(e.g., 4 windstorms between 25 January and 1 March 1990 with 272 fatalities and 2 storms, Lothar and Martin, on 26-28
December 1999 with 140 victims in Europe — Miinchener Riick, 2001) or from several countries along a storm’s track over

Europe (e.g., storm Kyrill on 17-19 January 2007 with 55 fatalities — Fink et al., 2009). However, information on deaths during
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these events in publications is often limited to a number of fatalities, in contrast to very broad overall analyses with a special
focus on material damage. In the CR, the killing of 13 people by a single lightning strike during a thunderstorm on 17 May
1906 in Kondkov was exceptional (see Sect. 4.3). For example, Kiihne et al. (2025) reported no more than 4 deaths by a single
lightning strike in Europe during 2001-2020, even though this occurred on 6 different occasions in Turkey (3 events), Poland
(2 events) and Germany (1 event).

In terms of causal synoptic conditions for sudden weather events in the CR, three main types can be distinguished. The first is
characterized by the slow movement of a Mediterranean cyclone travelling along the Vb track (van Bebber, 1881; Mudelsee
et al., 2004; Messmer et al., 2015), which caused 3 catastrophic floods (1890, 1897, and 1997) as well as the snow that
contributed to the 1868 railway accident. The second type of causal condition is the presence of a shallow pressure depression
over the western Mediterranean, along the front of which warm and humid air flowed, leading to the formation of stationary
convective storms (1889, 1906, 1970). The third type of synoptic condition also led to the formation of convective storms,
which in this case formed on the warm side of a significant temperature boundary (1872, 1929). Only the windstorm of
December 1868, caused by a cyclone of Atlantic origin moving across the Baltic Sea, does not fall into any of these three
types.

High numbers of sudden weather-related fatalities do not necessarily correlate only with weather extremes in the statistical
sense, as documented by the results of our study. While in the case of floods, windstorms, convective storms, and
thunderstorms such a relationship is usually very close (see Sects. 4.1-4.3), relatively non-exceptional weather phenomena
like snow or fog can sometimes create obstacles for transport or significantly decrease visibility. Combined with human error
or behavior and other circumstances, these can result in tragic train or plane accidents, as documented for Bohemia in Sects.
4.4-4.5. Taszarek et al. (2020) identified limited visibility, thunderstorms, low-level wind shear, and snowfall as hazardous
weather conditions for European airports (see also JaroSova and Janoskova, 2023 for the CR). Adverse weather in the US
contributed to 35 % of fatal aviation accidents between 1982 and 2013; although weather-related general aviation accidents
and fatalities have decreased since the 1980s, they were still responsible for nearly 100 fatalities per year (Fultz and Ashley,
2016). Mazon et al. (2018) documented a worldwide increase in the proportion of weather-related annual aircraft accidents
from about 40 % in 1967 to almost 50 % in 2010, with a significant decrease in absolute numbers of fatalities and injuries but
a slight increase in their relative expression. Nita et al. (2024), analysing more than 8000 aviation accidents in the US between
2000 and 2020, attributed c. 67 % of weather-related severe accidents to relative humidity, temperature, visibility, or total
cloud fraction.

While material damage in documentary sources is usually described in great detail, information on fatalities often lacks detail
or may be limited to vague numbers that are difficult to confirm from other sources. This means we must account for
uncertainty and consider the number of fatalities attributed to these 9 events (floods, windstorms, and thunderstorm) as lower
estimates. Their total number reached 586, compared to 253 fatalities occurring in 4 train or aircraft accidents connected with
snow and fog (Table Al). Although the transport fatalities concerned only Bohemia, in the 9 sudden weather events, victims

in Bohemia clearly predominated over those in Moravia and Silesia (457, i.e., 78 % compared to 129, i.e., 22 %). Regarding
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sex structure, males died more frequently than females (54.8 % to 37.5 %), while for 7.7 % the sex was not specified. As for
age, the most frequent fatalities appeared in the 5-14 and 15-24 age categories (11.6 % and 12.1 %, respectively). However,
the distribution of fatalities according to sex and age was also strongly influenced by the type of event, time of day, location,
human activity, or other circumstances. For example, while flash floods in May 1872 and 1889 were dominated by fatalities
in the 5-14 age category (see Figs. 3 and 4), in the July 1997 flood, fatalities in the 65+ age category were the most frequent
(see Fig. 8).

Because floods represented the most important natural disasters in the Czech Lands, they were considered on the land or
regional levels for a long time. Warning to floods of the VItava River in Prague appeared already in the issue of anti-flood
instruction from 28 January 1799 CE, followed by anti-flood ordinance from 12 January 1823 (Munzar, 2001). After floods
in May 1872 and severe drought in 1874, Hydrographic Commission of the Kingdom of Bohemia was created in 1875, that
started to organise regular hydrological measurements in Bohemia (Elleder, 2025). Similar body in Moravia, Land
Hydrological Branch of Central Hydrographic Bureau in Vienna, was established in Brno as far as in 1893. Several anti-flood
instructions and ordinances were produced for Prague as well as both lands Bohemia and Moravia also in subsequent years
(Munzar, 2001). Besides anti-flood warnings, organisation of saving flood activities and flood forecasts, human intervention
in river catchments became a significant factor affecting floods. It concerned particularly the building of water related
structures like dams or reservoirs, where protection against flood was important factor of their building, and modifications in
river channels (e.g., elimination of bends and meanders with the intention of accelerating runoff during floods) (Brazdil et al.,
2012). For example, the disastrous flood on 30-31 July 1897 (see Sect. 4.1.4) led to the creation of Land Commission for
River Adjustment of the Kingdom of Bohemia in 1903 (existing until 1931) and to the building of three dams on the upper
and middle Elbe, finished in the 1910s (§émalové, 2017). From the second half of the 20th century, permanently created state
or regional flood commissions were responsible for organising all saving activities during floods (Brazdil et al., 2005).
Generally, the higher number of deaths in the CR related to floods and storms in the second half of the 19th century compared
to subsequent deadly events (75.3 % to 24.7 %) can be attributed to changing environmental, socioeconomic, and societal
patterns, including lifestyle. For example, there has been a significant decrease in the proportion of people working in
agriculture or forestry, who were more frequently exposed to the outdoors and an open landscape. There has also been
important progress in the organization of rescue activities, together with vast improvements in medical services and an increase
in the availability of emergency help and rapid transport to hospitals. Technical progress in train and aircraft transport has
significantly strengthened safety in adverse or extreme weather. Also important are improved forecasts of extreme weather
phenomena as well as increased public awareness in the media regarding how to behave during such events, despite the

underestimation of warnings by some people, as in the case of floods (e.g., Bubeck et al., 2025).
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6 Conclusion

The main results of the analysis of the deadliest sudden weather-related events in the CR between 1851 and 2025 can be
summarized as follows:

(i) Floods, particularly flash floods, represent the deadliest sudden weather events in the territory of the CR. 4 such events
occurred during the second half of the 19th century in Bohemia and 2 in the second half of the 20th century in Moravia and
Silesia. Although it was not possible to identify the sex and age of all 507 fatalities (60.4 % of all 13 events considered),
available data show a clear preponderance of male victims compared to female victims. Among the age categories, deaths in
the 5-14 and 15-24 ranges were most numerous.

(ii) Sudden weather extremes represented by windstorms, convective storms, and thunderstorms that occurred between 1851
and 1950, with 79 fatalities (9.4 %), fell behind the deadliest floods in terms of both the number of fatalities and frequency of
occurrence. Male fatalities were more numerous than female fatalities, and deaths in the 15-24 age category were the most
frequent.

(iii) Snow and fog, combined with human error and other circumstances, contributed to 2 disastrous train accidents and 2
aircraft crashes in Bohemia, resulting in 253 fatalities (30.2 %). With few exceptions, the nature of the fatality data did not
allow for an analysis of the sex and age structure of these victims.

(iv) Of the 13 deadliest weather-related events in the CR, 6 occurred in the second half of the 19th century, 3 in the first half
of the 20th century, and 4 in the second half of the 20th century, while no such event was identified after 2000. The numbers
and structure of fatalities between 1851 and 2025 indicate the effects of long-term changes in the environmental,
socioeconomic, and societal situation in the country, directed toward more effective risk management and rescue activities
aimed at increased saving lives connected with extreme weather events during past 175 years, including recent climate change.
These non-meteorological factors also influenced the final selection of the deadliest events analyzed. This study simultaneously
documented importance of historical investigations for better understanding and evaluation of recent impacts of climate change
on weather-related fatalities. The presented methodology and the use of historical data can be replicated in studies of the past

and recent weather-related fatalities in other countries.

Appendix A
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Figure Al. Locations in the Czech Republic cited in the main text and not shown in particular figures documenting individual
disastrous events (data source: ArcCR 500 v2.0).

Table Al. Overview of the deadliest sudden weather-related events in the Czech Lands in 1851-2025 CE (NF — number of fatalities).

Jizerské hory Mts.
Krkonose Mts.

néika

Event Weather Main affected NF Main reason of

Year Date phenomena region/place death
Extreme weather events

1868 7 December Windstorm Czech Lands 27 Strong wind
1872 25-26 May Flash flood Western Bohemia 244 Water torrent
1889 17 May Flash flood Western Bohemia 57 Water torrent
1890  3—4 September Flood Central Bohemia 25 Water torrent
1897  30-31 July Flood Northern Bohemia 88 Water torrent
1906 17 May Thunderstorm Silesia 20 Lightning
1929 4 July Convective storm Eastern Bohemia 32 Strong wind
1970 9 June Flash flood Southeastern Moravia 35 Water torrent
1997  July Flood Moravia, Silesia 58 Water torrent

Train and aircraft accidents
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1868 10 November Snow Ujezd 31 Train accident

1945 23 February Fog Slune¢ni jadma 24 Aircraft accident
1960 14 November Fog Stéblova 118 Train accident
1975 30 October Fog Prague 80 Aircraft accident

Archival sources

7 2¥

AS1: Moravsky zemsky archiv Brno, fond Sbirka matrik Jihomoravského kraje, Rimskokatolicky farni titad Ostrozskd Nova

Ves, kniha ¢. 11795.

7 2¥

AS2: Statni oblastni archiv Plzen, fond Sbirka matrik zadpadnich Cech, Rl’mskokatolicky farn{ dfad Pfrestice, sign. Prestice 61.
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