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Abstract: Flooding is one of the main weather-related disasters that cause numerous fatalities
every year across the globe. This study examines flood fatalities reported in the contiguous United
States (US) from 1959 to 2019. The last two decades witnessed major flood events, changing the
ranking of the top states compared to previous studies, with the exception of Texas, which had
significantly higher flood-related fatalities than any other state. The rankings of counties within
some states changed as well. The study aims to improve understanding of the situational conditions,
demographics, and spatial and temporal characteristics associated with flood fatalities. The analysis
reveals that flash flooding is associated with more fatalities than other flood types. In general, males
are much more likely to be killed in floods than females. The analysis also suggests that people in the
age groups of 10–19, 20–29, and 0–9 are the most vulnerable to flood hazard. Purposely driving or
walking into floodwaters accounts for more than 86% of total flood fatalities. Thus, the vast majority
of flood fatalities are preventable. The results will help identify the risk factors associated with
different types of flooding and the vulnerability of the exposed communities.
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1. Introduction

Different types of weather events, including floods, lightning, tornadoes, hurricanes,
and heat waves, can harm society and result in morbidities and mortalities. Flooding is one
of the main weather-related disasters that cause a vast number of deaths every year across
the globe [1–4]. Based on the Emergency Events Database, 6.62 million people were killed
by floods worldwide in the 20th century [5]. Jonkman [6] investigated fatalities related to
different types of flooding and different regions around the world from 1975 to 2002. The
study found floods to be the most significant natural hazard, and flash floods caused the
highest fatalities on average per event than other flood types. More than 100,000 people
died in flood events across the globe in the last 10 years of the 20th century according to
Jonkman [6].

Smith and Ward [7] provided detailed information on the causes and consequences of
river and coastal floods and the different approaches adopted by practitioners to respond
to different types of flood hazards. French and Holt [8] classified floods into three main
categories: Flash floods, river floods, and coastal floods. The same classification method
was adopted by other researchers who compiled data from the database maintained by the
National Climatic Data Center (e.g., [9]). Flash floods are defined as floods that rise and
fall rapidly within six hours or even within three hours; river floods are caused by river
water overflowing its banks; and coastal floods are caused by extratropical and tropical
cyclone surges [8,10]. Floods are caused by a variety of natural and man-made processes
and conditions [9,10]. Specifically, several factors can contribute to flooding, including
rainfall amounts and intensity, regional topography, regional land use, soil types, and
antecedent moisture conditions. For example, the absence of vegetation can contribute
to flash flooding; steep slopes can cause fast surface runoff; rapid snowmelt in mountain
areas can lead to the sharp rise of downstream rivers; and the breach of a dam or levee
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can lead to flash floods [8]. These reasons have led to several researchers calling for the
adoption of an integrated approach for studying devastating flooding events that includes
observations and modeling e.g., [11–13].

In a study that examined the detailed circumstances of more than 1000 flash flood
fatalities across the US, Terti et al. [14] observed that the fatality circumstances exhibited
certain characteristics related to season, time of day, duration of flood, location, and age
and gender groups. Hamilton et al. [15] performed psycho-cognitive analysis of the beliefs
of people who willingly drive into flood water in Australia. They identified key attitudinal,
social expectations, and efficacy beliefs that guide willingness to drive through flooded
waterways, including fear of being stranded, pressure from others, and seeing other drivers
doing it, among others. Diakakis [16] analyzed 60-year flood fatality data from Greece
and found a strong association between the risk-taking behavior during floods and the
demographics of the victims, the type of the surrounding environment, and vehicle use,
and used this information to develop a statistical model to predict the behavior of a flood
victim based on the characteristics of the individual and the environment. Vinet et al. [17]
examined fatalities resulting from two flood events in France—a total of 67 fatalities.
They found that the individual vulnerability is the product of internal factors including
personal knowledge, age, and health, and awareness of the risk, and external factors such
as the availability of shelter and building type. They stressed the need to address all of
these specific vulnerabilities in prevention and warning messages. Diakakis et al. [18]
studied flood fatalities in Greece and identified factors and behaviors leading to increased
vulnerability and found them to be different between urban and nonurban environments.

According to weather-related fatality and injury statistics from the National Weather
Service (NWS) for the 10-year average of 2009–2018 and for the 30-year average of 1989–
2018, floods caused the second-highest number of weather-related fatalities in the US,
surpassed only by heat waves [19]. However, Borden and Cutter [20] listed flooding as
the fourth deadliest weather-related disaster behind heat/drought, severe weather, and
winter weather. Kunkel et al. [21] observed and discussed a generally increasing trend
of flood-related damages and fatalities in the last 25 years of the 20th century in the US.
Freshwater flooding from 1970 to 1999 caused more than one-half of 600 water-related
fatalities in the contiguous US [22].

Several researches have examined flood-related fatalities in the United States e.g., [1,9,10,23].
French et al. [23] reported that flash floods contributed to the most flood fatalities, iden-
tifying 1185 fatalities caused by 32 flash flood events from 1977 to 1981. According to
the study, forty-two percent (42%) of reported drowning deaths were vehicle-related. In
four flood events involving dam breaks, warnings for heavy rain, and flash flooding were
issued, but none for dam failure. Dittmann [1] estimated a total of 3934 flood fatalities from
1959 to 1991 in the United States with an annual average of 119 fatalities, while Ashley
and Ashley [10] reported a total of 4586 fatalities related to flooding in the contiguous
US from 1959 to 2005, with an annual average of 97.6 fatalities (excluding the data of
Hurricane Katrina, which occurred in 2005). Ashley and Ashley [10] suggested that heavy
rain, snowmelt, structural failure, and a combination of these factors all contributed to
flooding. They also found that flash floods accounted for the majority of flood-related
fatalities and identified high-fatality regions, such as the Ohio River valley, the northeast
Interstate-95 corridor, and near the Balcones Escarpment in south-central Texas. Sharif
et al. [9] conducted research on Texas from 1959 to 2008 and observed that the edge of
Balcones Escarpment is a region of remarkably high fatalities. According to the study, a
total of 840 flood-related fatalities occurred in Texas and flash floods caused a majority of
those fatalities.

This study is motivated by several major floods that occurred in the US in recent years
and resulted in a significant number of fatalities. The analysis investigates the demographic
aspect (gender and age), spatial aspect, and temporal aspect (time of the day and month
of the year), flood type, and circumstances leading to flood fatalities in the contiguous
US between 1959 and 2019. The purpose of this study is to improve understanding of the



Water 2021, 13, 1871 3 of 19

situational conditions, demographics, and spatial and temporal characteristics of flood
fatalities and describe how the results can be used to improve flood fatality prevention
measures and warning messages taking into account compounding situations, such as the
recent COVID-19 pandemic.

2. Study Area and Data Source

The study area includes the contiguous (conterminous) United States (CONUS), which
consists of the 48 adjoining US states and the District of Columbia (DC). The study area
excludes the non-contiguous states of Alaska and Hawaii. Together, the 48 contiguous
states and the District of Columbia occupy an area of 8,080,464 km2. The climate of CONUS
is controlled to changes in latitude and a range of geographic features, including mountains
and deserts. Generally, the climate of CONUS becomes warmer in the north-south direction
and drier in the east-west direction except for very wet areas along the West Coast. West
of 100◦ W, the climate is cold and semi-arid in the interior upper western states, whereas
the climate is warm, hot desert, and semi-arid in southwestern US. East of 100◦ W, the
climate becomes humid continental in northern areas, transitioning into a humid temperate
climate from the Southern Plains and lower Midwest east to the Middle Atlantic states. In
addition to local climate and type of precipitation, flooding potential is controlled by local
topography and other land surface characteristics [24]. For example, the steep mountainous
terrain and major urban centers exposed to tropical storms and convective rainfall systems
are more prone to flooding [25]. Another example is the encounter of warm and humid
air from the south, the Gulf, and the cold air from the north that occurs right above the
Balcones escarpment curve in Texas causing heavy rains and floods (Flash Flood Alley
of Texas). At the same time, tropical storms from the Gulf are another contributor to the
heavy rains and floods in the Alley [9].

The flood fatality data used in this study were compiled from Storm Data publica-
tions [26]. Storm Data is maintained by the National Climatic Data Center (NCDC) as
monthly reports including detailed information on severe weather events across the US
and their impacts, especially injuries and fatalities. The NWS started producing the “Cli-
matological Data” publication, which only reported information on tornadoes and their
impacts in 1950 and later added information on thunderstorms, wind, and hail in 1955.
In 1959, the “Climatological Data” was officially renamed “Storm Data” and started to
include data on all storms and other severe weather phenomena. NWS-designated officials
compile the information included in the Storm Data publication from numerous sources.
These sources include, but are not limited to, emergency management officials in different
administration levels, law enforcement, media, insurance companies, and the public [26].
Storm Data provides some details about flood fatalities and victims. The description of the
flood type in Strom Data is confusing to a large degree and include categories that seem
to overlap including “flood”, “flash flood”, “flash flood and flood”, “flash flooding and
river flooding”, “rain”, “heavy rain and flooding”, “flooding due to hurricane/tropical
storm”, and “storm/tornadoes/cyclones”. The causal activity/setting/location of the
fatality includes “in water”, “vehicle”, “permanent home”, “mobile home”, “outside”,
“camping”, “boat”, “business”, and “equipment”. The gender and age of the victims are
provided for some of the victims. The time of the fatality occurrence is often provided in
broad terms. Detailed information is missing for many fatalities. For example, the time of
occurrence was not mentioned for 62% of the fatalities.

Currently, Storm Data is the primary and most comprehensive source for flood fatality
data, despite it containing several problems. For example, quality control is an important
concern for all large databases such as Storm Data. The flood fatality data in Storm Data
is generally conservative and underreported [9]. Some of the flood fatality records lack
certain details, such as the age and gender of the victims, time of the fatality occurrence,
and the specific location. Moreover, the description of the events is not always consistent,
and the amount of details may vary among states. Nevertheless, the fatality data listed in
Storm Data are well documented in general and the dataset is the best available source of
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this kind of flood fatality data [7,10,14,27]. Lastly, a review of event descriptions in Storm
Data reveals that they have become more thorough over the years. Population data was
obtained for the US Census Bureau [28].

3. Methods

Flood fatality data used in this study were compiled from Storm Data. The fatality
data is listed in five broad categories that define the main flood types. These categories
are coastal flood, flash flood, flood, heavy rain, and tropical storm. Moreover, fatality
data from 1959 to 1995 were only available by manually reviewing the PDF files. We
downloaded and reviewed these files to manually extract the needed data from each
file. Data for years after 1995, were directly downloaded from the website in a tabular
format. To compare the flood fatality risk for each state in the contiguous United States,
the number of flood-related fatalities of each state is standardized by the corresponding
population estimate for the state in the corresponding year (annual fatalities/population of
the year). The description provided in Storm Data was used to categorize fatality data, e.g.,
by flood type, activity/setting/location, time, and age/gender although these descriptions
were missing from a significant number of fatalities as will be explained in the analysis.
The population data of each state in each year was based on estimates of the US Census
Bureau [28]. The percentages of population in different age groups were obtained from
the average of population percentages for different age groups of 1960, 1970, 1980, 1990,
2000, and 2010 following the approach described by Dittmann [1]. To verify the age-related
vulnerability to flood hazards, the fatality numbers were standardized by multiplying
fatality numbers in each age group and the corresponding percentage of population in
each age group. Flood fatality data for each state were downloaded for each year and then
combined when necessary. In-house R scripts were developed to extract the data needed
for the analysis. Excel was used to perform analysis of variance (ANOVA) to compare
variables, such as gender. One-sample chi-square test was used to confirm the seasonality
of fatalities.

4. Results and Discussions
4.1. Spatial Distribution of Flood Fatalities

The spatial distribution of flood fatalities has been investigated at the state, NWS
Weather Forecast Office service region, and county levels. As can be seen in Table 1, Texas
had the most fatalities (1069) during the 61-year study period while Louisiana (693) and
California (340) were a distant second and third, respectively. Moreover, Texas is the only
state that reported flood fatalities consistently in every year from 1959 to 2019, except
for the year 2011 in which the state witnessed a historic drought. All previous studies
show Texas as the leading state in flood fatalities but the other leading states were ranked
differently in the studies. For example, Ashley and Ashley [10] found the top three states
with the most flood fatalities to be Texas (760), Pennsylvania (256), and South Dakota (244),
respectively, for the 1959–2005 period. Sharif et al. [9] examined the period from 1959 to
2008 and found Texas (840), Louisiana (621), and Pennsylvania (265) to be the three states
with the most flood fatalities.
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Table 1. Flood fatalities in the 48 contiguous states and District of Columbia (DC) and their ranks
from (1959–2019).

Rank State Fatalities Rank State Fatalities

1 Texas 1069 26 New Jersey 75
2 Louisiana 693 27 Kansas 69
3 California 339 28 Oregon 67
4 Pennsylvania 277 29 Florida 66
5 Mississippi 266 30 Minnesota 59
6 Virginia 265 31 Iowa 52
7 South Dakota 249 32 Utah 49
8 Colorado 204 33 Montana 48
9 New York 199 34 Michigan 32

10 West Virginia 189 35 Nevada 32
11 Arizona 187 36 Washington 31

12 North
Carolina 181 37 Nebraska 23

13 Ohio 179 38 Wisconsin 22
14 Kentucky 178 39 Wyoming 22
15 Missouri 172 40 Vermont 20
16 Oklahoma 157 41 Delaware 18
17 Tennessee 153 42 Connecticut 15

18 Arkansas 139 43 North
Dakota 15

19 Georgia 123 44 New
Hampshire 12

20 Illinois 95 45 Maine 11
21 Alabama 87 46 Massachusetts 11
22 Indiana 85 47 DC 3
23 New Mexico 84 48 Idaho 2

24 South
Carolina 78 49 Rhode Island 0

25 Maryland 76 - - -

Standardized flood fatality is a better measure of the risk of being killed in a flood. The
fatality rates for all states, expressed as the average annual number of fatalities per million
inhabitants, are shown in Table 2. After standardization, Texas’ ranking drops to 6th place
behind South Dakota, Louisiana, West Virginia, Colorado, and Arizona. However, unlike
Texas, fatalities in these states were caused by one or two major events such as the major
dam failure in South Dakota and Hurricane Katrina in Louisiana. Moreover, as expected,
states with relatively small population sizes such as Montana and Wyoming have higher
fatality rates, and populous states such as California, Pennsylvania, and New York have
much lower rankings in Table 2 than in Table 1. These fatality rates are generally higher
than rates observed in Europe. Petrucci et al. [29] observed rates (fatalities per million
inhabitants) ranging between 37.7 for south France and 6.7 for Italy when they standardized
the total fatality by the 2019 population. If similar standardization was done for US data,
European numbers would be between the 11th- and 40th-ranked US states. Fatality rates
estimated for Australia (decadal average rates [30]) during the same period are similar to
those for the 41st-ranked US state. Sharif et al. [9] highlighted the effect of population when
they investigated flood fatalities at the county level in Texas. Coates [30] reported similar
observations showing that the Northern Territory of Australia with small population size
had a significantly higher fatality flood rate than other regions of the country.
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Table 2. Average annual fatality rates per one million persons of the 48 contiguous states and DC
and their ranks (1959–2019).

Rank State Fatality Rate Rank State Fatality Rate

1 South Dakota 5.991 26 North
Dakota 0.368

2 Louisiana 2.582 27 Alabama 0.354
3 West Virginia 1.684 28 Georgia 0.335
4 Colorado 1.240 29 Iowa 0.298
5 Arizona 1.196 30 Maryland 0.291
6 Texas 1.076 31 Ohio 0.271
7 Montana 1.069 32 California 0.241
8 New Mexico 0.979 33 Indiana 0.235
9 Arkansas 0.900 34 Minnesota 0.229

10 Virginia 0.814 35 Nebraska 0.222

11 Wyoming 0.790 36 New
Hampshire 0.190

12 Kentucky 0.766 37 New York 0.178
13 Oklahoma 0.765 38 New Jersey 0.170
14 Vermont 0.619 39 Maine 0.152
15 Nevada 0.576 40 Illinois 0.130
16 Delaware 0.517 41 Washington 0.124
17 Missouri 0.516 42 Florida 0.094
18 Tennessee 0.506 43 DC 0.078
19 Mississippi 0.486 44 Connecticut 0.076
20 Oregon 0.470 45 Wisconsin 0.070
21 Kansas 0.453 46 Michigan 0.057
22 Utah 0.446 47 Massachusetts 0.032

23 North
Carolina 0.415 48 Idaho 0.024

24 Pennsylvania 0.378 49 Rhode Island 0

25 South
Carolina 0.378 - - -

Figure 1 shows that states with the lowest number of fatalities are mostly located at
the northeastern corner and northern border of the United States. Flood fatalities are not
directly related to the amount of precipitation, area of the state, population, or topography,
but due to local considerations [1,31]. The eastern states of the United States had more
flood fatalities than the western states, in general. The steep mountainous terrain (e.g.,
parts of Texas, Appalachian Mountains in the eastern US, and the foothills of the Rocky
Mountains in Colorado), populous cities exposed to tropical storms, and convective rainfall
systems suffer from higher flood fatalities [25].
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Figure 1. Flood fatalities in the contiguous US (1959–2019) by state.

The NWS has 122 weather forecast offices across the US. Each weather forecast office
(WFO or NWSFO) has a geographic area of responsibility (county warning area) for issuing
local public, marine, aviation, fire, and hydrology forecasts as well as severe weather
warnings and coordinates with local agencies in flood mitigation efforts. As risks and
vulnerability are not defined by state lines, we also show the distribution of flood fatalities
at the NWS WFO service area level in Figure 2. Some of the WFOs in the north have
not reported any fatalities in the study periods while others have witnessed hundreds
of fatalities. In general, the information is similar to that of Figure 1 but shows some
contrasts within some of the states. For example, some WFOs on the Atlantic and Gulf
coasts reported relatively very low numbers of fatalities. The New Orleans/Baton Rouge
WFO (LIX), where Hurricane Katrina occurred, had the highest number of flood fatalities
(861) in the nation. The second and third WFOs are the Austin/San Antonio WFO (EWX)
and the Fort Worth/Dallas WFO (FWD) with 381 and 263 fatalities, respectively, both
located in the Flash Flood Alley area in Texas. The Rapid City WFO (UNR) reported
241 flood fatalities of which 237 were due to a dam failure in June 1972.
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counties reported more than one fatality).

The spatial distribution of flood fatality has been further examined in detail at the
county level. As can be seen in Figure 3, only 64 counties (or political equivalents) out of
23,218 in the contiguous US had more than 10 fatalities during the study period. These
64 counties have 2572 flood fatalities in total, accounting for 39% of US flood fatalities. The
county (political equivalent) with the most flood fatalities (654) is the Orleans parish of
Louisiana, the epicenter of the fatalities caused by Hurricane Katrina in 2005. There are
four other counties with more than 100 flood fatalities: Pennington County (237) of South
Dakota, St. Bernard County (154) of Louisiana, Larimer County (143) of Colorado, and
Harris County (101) of Texas. Three other counties, Bexar (75), Dallas (69), and Travis (60),
all located in Texas, had more than 50 flood fatalities.

Figure 3 shows two county clusters with more than 10 fatalities. The first is the area
of Arizona and the southern part of California and Nevada. Kellar and Schmidlin [32] also
found a similar spatial pattern of flood fatalities in this area when they focused only on
vehicle-related flood fatalities. Heavy rains caused by the Mexican monsoon from July to
September over the southwest result in floods in that area [33]. High population density in
this area is another contributor to flood fatalities [32]. The second one is a region in Texas,
including the only three counties in the US with flood fatalities between 50 and 100. This
region includes a band of counties with flood fatalities mainly from 11 to 100 in Texas. Local
researchers refer to this area as the Flash Flood Alley. The Alley consists of 27 counties and
includes large cities such as Dallas, Austin, and San Antonio. The counties in the Flash
Flood Alley are clustered on the edge of the Balcones Escarpment. The encounter of warm
and humid air from the south, the Gulf, and the cold air from the north occurs right above
the escarpment curve causing heavy rains and floods. At the same time, tropical storms
from the Gulf are another contributor to heavy rains and floods in the Alley [9]. Kellar and
Schmidlin [32] also found a cluster of vehicle-related flood fatalities in this area. Similar to the
change in rankings of states, recent events affected the ranking of counties within some states
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in terms of flood fatalities. For example, Harris County went from being the fourth [9] to the
first county in Texas due to a marked recent increase in fatalities in eastern Texas.
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4.2. Flood Fatalities by Year

Floods caused about 106 flood fatalities per year on average in the contiguous US
over the 61-year period, for a total of 6478 flood fatalities. This is lower than the average of
119 estimated by Dittman [1] for the 1959 to 1991 period and an average of 135 fatalities
per year from 1972 to 1991 in the US and Puerto Rico. However, Ashley and Ashley [10]
estimated the average annual flood fatalities at 97.6 with a total of 4586 flood fatalities
for the 47-year period from 1959 to 2005. Flood fatalities happened every year from 1959
to 2019 in the contiguous United States according to Storm Data. The vast majority of
lethal flooding events resulted in only one or two fatalities. The annual fatalities numbers
fluctuated from a minimum of 25 (1988) to a maximum of 640 (2005) and did not show
any statistically significant trend over the last 61 years (Figure 4). The number of flood
fatalities in 1969, 1972, and 2005 were significantly higher than in other years. The numbers
of fatalities vary significantly from year to year, especially for states where fatalities are
dominated by one or a few significant events, e.g., South Dakota and Mississippi.
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In 2005, Hurricane Katrina hit the US, especially the Gulf Coast, and moved ashore
near Buras-Triumph of Louisiana as a category 3 storm. The total number of people
killed during Hurricane Katrina is still uncertain 14 years later and varies among different
studies [9,34–37]. Boyd [34] suggested that the flood fatality rate would range from 0.7% to
1.1% of all populations of around 63,000 people exposed to floodwater. Similarly, Jonkman
et al. [36] estimated the flood fatality rate at 1% and the exposed population at 44,000. The
Katrina flood fatalities calculated in these two studies were 441–693 and 440, respectively.
Sharif et al. [9] estimated flood fatalities due to Hurricane Katrina, based on the studies
of Brunkard et al. [35] and Knabb et al. [37], and calculated the numbers as 520 fatalities
in Louisiana and 80 in Mississippi. Storm Data classifies the deaths due to Hurricane
Katrina in the categories of “Hurricane (Typhoon)” but details about the fatalities are still
waiting for updates. In 1969, Camille, a category 5 hurricane, struck the Gulf Coast and
inundated an area of 320 square miles along the Mississippi-Alabama coast. Later, Camille
moved inland and eastward over the central part of Virginia and merged with heavy rain
and thunderstorms [38]. Camille resulted in 132 flood fatalities in Mississippi and 109 in
Virginia. In 1972, thunderstorms caused rare heavy rains and then flash flooding in Rapid
City, South Dakota; the Canyon Lake Dam near Rapid City was clogged due to the debris
carried by a large amount of upstream flood water and then failed in the night [39]. The
Rapid City had been swept through by floodwaters and 237 flood fatalities were recorded.
Lastly, Colorado suffered from a notable flash flood event in July 1976. The Big Thompson
River flash flood resulted in 131 fatalities, including locals and campers, in the narrow and
steep Big Thompson Canyon [40].

Beside the above years, the five costliest storms of all the 284 hurricanes that struck
the mainland of the US during 1851–2019 all happened within the last 15 years. These were
Katrina (2005), Harvey (2017), Sandy (2012), Irma (2017), and Ike (2008), respectively [41].
In 2012, Hurricane Sandy struck the Caribbean and the mainland of the US. Twenty-four
(24) states of the US were affected by Sandy while New Jersey and New York were the
two states with the most severe damage [18]. According to Storm Data, a total of 38 flood
fatalities resulted in New York on 29 October 2012, and four in New Jersey. In 2017, a
category 4 hurricane, Harvey, moved ashore on Texas. A total of 67 out of 70 fatalities that
occurred in Texas during the hurricane period were caused by flash floods.

4.3. Flood Fatalities by Month

The monthly distribution of flood fatalities in the US is shown in Figure 5, indicating
the top three months to be August (1191), June (933), and July (700). This is generally
consistent with monthly distributions of flood fatalities reported by other researches.
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However, there are some differences among the state in terms of the monthly distribution
of fatalities. A one-sample chi-square test has been applied and the result (p < 0.01) shows
a statistically significant seasonality in the distribution of monthly flood fatalities. French
et al. [23] reported that 20 of 34 major flood events occurred from July to September
during the period of 1969–1981. Ashley and Ashley [10] found June to be the top month
for fatalities between 1959 and 2008, not including those caused by Hurricane Katrina.
Hurricanes Katrina (2005) and Harvey (2017) both occurred in August. All months from
May to August had more than 500 flood fatalities each.
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Several related studies tried to explain why high flood fatalities happened during
these months in the contiguous US. Brook and Stensrud [42] conducted research on heavy
rain events that could have caused flash floods in the US during 1948–1993. According
to the study, heavy precipitation events peak in July with the remaining months showing
an almost symmetrical decrease around July, and heavy rainfall events from April to
September accounting for 81% of the total events [36]. Ashley et al. [43] reported that 86% of
mesoscale convective complex events, typically associated with extreme rainfall, occurred
in the warm season (May, June, July, and August), with a peak in July. According to
Changnon [44], thunderstorms accounted for more than 50 percent of the total precipitation
in the US, and summer (June to August) thunderstorm rainfall accounted for 20–40 percent
of the total over two thirds of the area of the contiguous US. More than 83% of all the
284 hurricanes that struck the mainland of the US from 1851 to 2010 occurred from August
to October [4]. Douglas [33] reported similar results regarding precipitation peaks.

4.4. Flood Fatalities by Flood Type

A total 5381 flood fatalities were recorded with flood (event) type information. The
main flood type associated with fatalities is flash flooding accounting for 41.80% of the total
flood fatalities that have flood type information recorded (Table 3). However, the authors
suspect that many of the fatalities labeled in Storm Data as flood fatalities are actually
flash flood-induced and were embedded within a large flood context or simply mislabeled.
Moreover, the flood types in Storm Data are too broad as described in the Study Area
and Data Source section. Different events, such as heavy rain, tropical storm, structural
failure, snow melting, and a combination of these events, can also cause flash flooding.
Zevin [45] reported that flash floods caused 80–90% of annual flood fatalities in the US.
Ashley and Ashley [10] found flash flooding, primarily caused by heavy rain, to be the
major flood type causing flood fatalities. Flood (river flooding or just simply flood in Storm
Data) is second to flash flooding in causing deaths. It caused 1425 fatalities, accounting
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for 26.3% of total flood-related fatalities. Rain and flooding due to hurricane/tropical
storm/tornadoes/cyclones both caused more than 10 percent of total flood fatalities. Other
types of fatality-causing flood types identified in Storm Data are listed in Table 3. A rip
current, often associated with stormy weather, is a specific kind of water current that can
occur near beaches with breaking waves.

Table 3. Number of food fatalities caused by different flood (event) types.

Flood Type Number Percentage (%)

Flash Flooding 2249 41.80
Flood 1414 26.28
Rain 632 11.75

Flooding due to
Hurricane/Tropical

Storm/Tornadoes/Cyclones
574 10.67

Heavy Rain & Flooding 438 8.14
Flash Flood and Flood 39 0.72
Tidal/Coastal Flooding 19 0.35

Flash Flooding and River
Flooding 13 0.24

Rip Current 3 0.06

4.5. Flood Fatalities by Circumstance and Time of Occurrence

Storm Data also provides information on the circumstances leading to flood fatalities.
However, only 59 percent of the total fatalities had such information. Flood fatalities
that involved vehicles accounted for 57.80% of total fatalities with known circumstances
(Table 4). The high percentage of vehicle-related flood fatalities was reported in other
studies with percentages varying for different locations and study periods. Mooney [27]
reported that 49% of flood fatality victims died in their vehicles or while trying to escape
from their vehicles; French et al. [23] and Zevin [45] found lower percentages of 42% and
40%, respectively; and Ashley and Ashley [10] estimated a higher percentage of 63%. Some
drivers overestimate the ability of vehicles to overcome fast moving water and/or were
not able to realize the depth and speed of floodwater [9,46]. Some of the victims were not
willing to give up their vehicles and then were trapped inside [47]. In Water (IW) was
the second most frequent category of circumstances accounting for 28.34 percent of total
fatalities with known circumstances. “In Water” is defined as people who walked into the
floodwater purposely. For instance, some people may walk into floodwater to rescue some
people or retrieve personal properties. This percentage in this study (28.34%) is significantly
higher than the 9% reported by Ashley and Ashley [10]. The combined percentage of fatal
driving or walking into floodwater (86.13%) indicates that the vast majority of victims
underestimated or did not realize the potential danger of flood water. Table 4 lists seven
other categories of circumstances associated with flood fatalities accounting together for
13.87% of fatalities. The first five rows of Table 4 describe the location where the fatality
occurred. “Camping” indicates that the victim dies while camping. “Business” indicates
that the fatality occurred at a work place. “Equipment” indicate that the fatality was
caused by equipment failure, e.g., water draining pump, although not enough details were
provided in Storm Data.
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Table 4. Number of flood fatalities by location/circumstances.

Fatality Location/Circumstance Number Percentage (%)

Vehicle (VE) 2201 57.80
In Water (IW) 1079 28.34

Permanent Home (PH) 216 5.67
Outside/Open Place (OU) 136 3.57

Boat (BO) 59 1.55
Mobile Home (MH) 56 1.47

Camping (CA) 45 1.18
Business (BU) 14 0.37

Equipment (EQ) 2 0.05

Only 38% of total flood-related fatalities included the time of occurrence in Storm
Data. Approximately, half of all fatalities happened during the night (Figure 6). When only
focusing on Texas, Sharif et al. [9] found similar results and estimated that 52% of flood
fatalities happened at night. Diakakis [16] found a similar proportion in a study of flood
fatalities in Greece. Petrucci et al. [29] found higher flood fatalities during nighttime than
daytime in some European countries while acknowledging that the time was unknown
for most of the fatalities studied. According to Mooney [27], around 75% of flash flood
fatalities happened during the evening and darkness hours in the US. As flash flooding was
the dominant category among all flood types resulting in flood fatalities, this high fatality
percentage at night can be explained by the unexpected nature and rapid development of
flash floods and the limited perceptive range in the dark.
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4.6. Flood Fatalities by Age and Gender

A total of 37 percent of total flood fatalities are recorded with the victim’s age in
Storm Data. These fatalities are categorized into different age groups. The p-value of a
one-sample chi-square test applied on age groups was less than 0.01 indicating that the
distribution of flood fatalities by age group is not random. The age groups of 10–19, 20–29,
and 0–9 were the top three age groups, respectively in terms of flood fatalities (Figure 7).
The fatalities in these three age groups accounted for 43 percent of total fatalities with age
information. The percentage of population in different age groups was obtained from the
average of US population percentages in different age groups in 1960, 1970, 1980, 1990,
2000, and 2010. In addition to the young (under 30), the age groups of 50 and above had the
fatality percentage exceeding the population percentage in the corresponding age group,
indicating that people in these age groups are more vulnerable to flood hazard. Ashley
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and Ashley [10] reported that people in the age groups 10–19, 20–29, and 60 and above
were more vulnerable to flooding during the period of 1959–2005. The large percentage of
flood fatalities in the age group of under 29 and above 50 may indicate that the elderly are
less able to escape from floodwater and young people are more likely to take risks [30]. To
verify the age-related vulnerability to flood hazard, the fatality data had been standardized
by multiplying fatality numbers in each age group and the corresponding percentage of
population in each age group [9]. Age groups of 10–19, 20–29, and 0–9 were the top three
age groups with the most age-adjusted flood fatalities among the nine age groups shown
in Table 5.
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Table 5. Flood fatalities by age group. The third column shows age-adjusted fatalities after multiply-
ing by the proportion of population for each age group.

Age Group Number of Fatalities Age-Adjusted Fatalities

0–9 318 51.2
10–19 371 59.4
20–29 347 51.2
30–39 288 40.2
40–49 262 33.3
50–59 292 31.2
60–69 256 20.7
70–79 174 8.9

80 and above 103 2.6

Only about 42 percent of total flood fatalities were recorded with gender information
in Storm Data. Males are about 1.6 times more likely to be killed by a flood than females,
and represent 62% of total flood fatalities with known gender information (Table 6). Males
are overrepresented in all states with 10 or more fatalities with known gender. Jonkman
and Kelman [46] reported a higher percentage of 70% for males. Ashley and Ashley [10]
reported similar results. Males in flood are more likely to drive through flood water, more
likely to be working as staff of emergency and supporting services, and more likely to
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exhibit other risk-taking behaviors. The observation that males outnumbered females
in flood fatalities can be attributed to many factors including the high involvement of
males in driving, the high proportion of males working in emergency services and utility
maintenance, males’ risk-taking behavior, and more males swimming and pursuing water
sports [32,48,49].

Table 6. Flood fatalities by gender.

Gender Number of Fatalities

Male 1700 (62%)
Female 1049 (38%)

5. Summary and Conclusions

This paper examined flood-related fatality data in the contiguous US from 1959
through 2019. The study extends the period of analysis of US flood fatalities reported in
previous studies, computes the fatality rate for each state, and provides more details on
the situational conditions, demographics, and spatial and temporal characteristics of flood
fatalities. A total of 6478 flood fatalities occurred during the study period. The last two
decades witnessed major flood events that changed the ranking of the top states compared
to previous studies except for Texas (1069) with significantly higher flood-related fatalities
than any other state. Rankings of counties within some states changed as well. The analysis
included the temporal patterns of flood fatalities, the circumstances leading to the fatalities,
the demographics of the victims, and the types of fatal flooding. The spatial analysis
identified clusters of flood fatalities related to local conditions (e.g., climate or terrain) such
as the Flash Flood Alley in Texas and the Gulf Coast region.

The analysis indicated that most flood fatalities could be prevented as most fatalities
were related to voluntary contact with floodwaters. This conclusion is supported by other
research. For example, Diakakis [16] found that more than 74% of flood fatalities in Greece
resulted from victims moving into or approaching floodwaters from an initial position
of safety and Coates [30] reported that only about 31% of flood victims in Australia died
while waiting in their homes or camps, some unaware of the flood. Similar to almost all
flood studies conducted in the US, this comprehensive analysis showed that the majority
of fatalities were vehicle-related events and males are much more likely to be killed in
a flood than females. Alderman et al. [50] cited several studies that demonstrated the
overrepresentation of males and older individuals among flood victims, especially in
medium- and high-income countries.

The results will help identify the risk factors associated with different types of flooding
and the vulnerability of exposed communities. However, more detailed analysis is needed
to identify individual vulnerability factors of exposed communities as conditions may be
very different for different regions. Nonetheless, the study helps identify states with more
conditions that lead to flood fatalities and detailed studies at a higher level of detail are
necessary. Understanding the influence of local conditions and flooding risk factors is
the first step to reducing flood fatalities. Flooding risk in urban areas will increase as the
US continues to urbanize, limiting natural runoff mitigation mechanisms. Scientific and
engineering knowledge, modeling tools, and data can be used not only to better characterize
the frequency of severe storms, accurately delineate flood plains, and predict flood impacts,
but also to plan quick responses when a major storm is imminent. Hydrometeorological
forecasting needs to be improved. Policy makers, city planners, and engineers need to take
proactive measures to protect urban communities against these impacts.

The spatial analysis of flood fatalities at multiple scales is necessary because most
mitigation efforts are better to implement at the community level through various strategies,
such as flood-proofing buildings [51] and acquiring open spaces, conserving wetlands,
land use management, and continuous monitoring [52]. NWS offices can coordinate
with local agencies in regards to flood risk communication and response strategies and
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evacuation training [53]. States can coordinate with the federal government regarding
insurance programs and tax incentives for flood risk [54]. Moreover, one of the most
common problems with flash floods is the unexpected overbank flow, which leads to
city and settlement flooding. In many cases, the overbank flow is the result of human
intervention in streams’ hydraulic characteristics (reduction of stream cross section) due to
intense and unplanned urban sprawl [11,55,56].

Non-stationary methods of flood frequency analysis [57] can help communities and
policy makers understand the rising flood risk and the need for investment in robust flood
protection measures. Identifying and prioritizing runoff mitigation projects can provide
some solutions to flooding problems (e.g., [58]). However, structural solutions are not
enough. The information provided in this study can help tailor educational campaigns
to specific vulnerable groups. In addition to education campaigns typically organized
by local authorities and NWS offices, transportation agencies, insurance companies, and
auto manufacturers can help educate the public about the risks of driving into flood water.
Most vulnerable individuals, such as drivers and certain age groups, must be the main
target of awareness campaigns. However, there remains the question: Will improvement of
flood warning technology and education programs necessarily lead to a significant change
in behavior?

A timely issue that should be addressed by researchers is the compounding of dis-
asters. Compound flooding (pluvial, fluvial, and storm surge) can increase the human
toll of flooding events. However, flooding can be combined with other life-threatening
occurrences such as power loss and interruptions of health and emergency services. The
COVID-19 pandemic is the latest example of compounding disasters due to its significant
impact on medical and emergency services and the lockdown requirements that can greatly
restrict mass evacuation and mass sheltering that might become necessary during a flood-
ing event. Extreme weather warnings may need to consider these and other impacts of a
concurrent pandemic and direct individuals on what to do during a compound extreme
event. Emergency officials should also be aware of and prepared for compound disasters.
Disaster kits should now also include supplies recommended by the US Centers for Disease
Control and Prevention to help prevent the spread of COVID-19, such as facemasks, gloves,
and hand sanitizer.

Finally, there is evidence that major tropical storms have been increasing in the last
four decades (e.g., [59]), which underscores the need for prone communities to adapt
to the shifting climate and weather realities. Flood zones are being expanded, placing
financial burden on local governments and causing some residents to leave the affected
localities altogether, resulting in loss of taxes and/or loss of eligibility for state and federal
assistance due to the decrease in population. Moreover, repeated disasters prompt some
relatively wealthier people to migrate, leaving citizens with lower capacity to adapt behind
(e.g., [60,61]). Multidisciplinary research is needed to better understand this problem and
develop appropriate policies and interventions.
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