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Abstract. Floods are among the most devastating natural hazards. Human interferences along with climate change cause a lot
of human and financial losses every year following the occurrence of floods. In this research, flooding events that have killed
more than 10 people in the 1951-2020 period have been studied, analysing the EM-DAT database. The results show that the
severity of flood-related deaths is equally distributed worldwide, but present some specific geographical patterns. The flood
fatality coefficient, calculated for different countries, identified that Southern, Eastern, and South-Eastern regions of Asia have
the deadliest floods in the world. The number of flood events has been increasing since 1951 and peaked in 2007, following
a relatively declining trend since then. However, the number of death tolls does not follow a statistically significant trend. An
examination of the number of flood events in different decades shows that the highest number of events occurred in the 2001-
2010 decade, which corresponds to the largest precipitation anomaly in the world. The most casualties occurred in the decade
1991-2000. However, the lethality of floods has decreased over time, from 412 per flood in 1951-1960 to 67 in the 2011-2020
decade, probably as a consequence of a more resilient environment and better risk reduction strategies. In addition, a direct

correlation was found between the number of flood events and the number of casualties with the world’s population.

1 Introduction

River and coastal floods caused millions of fatalities in the past century, and the global average annual loss due to riverine
floods in the past ten years was estimated at around USD 651 billion (UNDRR, 2020).

Major floods happened in the past (Berz, 1988), but, following changes in climate, land use, infrastructure and population
demographics, more intense events are expected. Indeed, exposure to floods is forecasted to grow by a factor of three by 2050
owing to a surge in population and economic assets in flood-prone areas (Jongman et al., 2012). Depending on the socio-
economic scenario, human losses from flooding are projected to rise by 70-83% and direct flood damage by 160-240% relative
to the 1976-2005 period, with a temperature increase of 1.5°C (Dottori et al., 2018). To adequately manage such scenarios and
plan risk reduction strategies, understanding river flooding and the associated multi-scale impacts are critical, especially in a
changing climate characterized by more frequent extreme events (Nones and Pescaroli, 2016; Tellman et al., 2021; Wasko et
al., 2021).

River floods occur when a river overtops its banks, potentially causing bank failures, and inundates adjacent areas. The ex-
pected impact floods have on society and the environment, often termed flood risk, results from the superposition of three

components and the associated processes, which tend to be interlinked (e.g., Kron, 2005; Barendrecht et al., 2017; Zhou et
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al., 2017). These components results from multiple processes (Merz et al., 2015), and are usually summarized as "hazard",
meaning the flood process frequency and magnitude; "exposure", which accounts for the elements at risk, such as population,
ecosystems and infrastructure; and "vulnerability", i.e., the susceptibility of the elements at risk, like loss of lives, livelihoods
and other aspects of well-being that are adversely affected by flooding events (Turner et al., 2003; UNISDR, 2019). Generally,
riverine flood hazard is a consequence of high-rainfall processes in the atmosphere, run-off generation in the catchment, and
flood waves travelling through the river network. Exposure depends on anthropogenic aspects, such as the use of floodplains,
population density and economic development. Vulnerability is shaped by human adaptive influences, such as private precau-
tions, education level, early warning or crisis management strategies, adaptive plans.

It is well known that human activities affect flood processes broadly (Chen et al., 2012; Ross and Chang, 2020). Indeed, alter-
ation of river basin land use land cover is transforming run-off generation and transport processes, and human-driven climate
change can enhance heavy precipitation and affect snow-melt or catchment wetness, thus additional influencing flood risk
(Bloschl et al., 2015). Levees, flood retention infrastructures like check-dams, and early warning systems are potentially effec-
tive in reducing flood risk, but can also fail unexpectedly, thereby surprising affected communities and amplifying the flood
damage (e.g., Liu et al., 2019; Nones, 2019; Manfreda et al., 2021).

Although various methods have been proposed to reduce the damage and severity of floods, proper management as well as
accurate and fair distribution of facilities require a deep understanding of flood vulnerability both at global and local scale.
Indeed, many uncertainties and complexities are intrinsically present in flood-related issues (Altez and Revet, 2005; Petrucci,
2021), involving large uncertainty in flood prediction modelling. However, good estimates could be derived from past records
and available statistics, helping in developing improved risk reduction plans to fit specific global and regional settings. The
availability of comprehensive and up-to-date databases of flooding events (e.g. EM-DAT, Global Flood Monitor, Global Flood
Database) permit to gain new insights on the effects of floods in the past, as well as on the society response. The development
of these databases is also taking advantage of social media, which allow for getting data very rapidly, using humans as sensors
(e.g., smartphones, wearable devices, etc.), but involving large biases such as language and geographical distribution of social
networks (de Bruijn et al., 2019).

In this study, disastrous floods are defined as those with devastating consequences and causing more than 10 fatalities. Globally,
those happenings are prevalent, as more than 10,000 significant events were identified in the 1951-2020 period in the database
Emergency Database (EM-DAT, www.emdat.be). As described in Section 2, the analysis was limited to events reporting be-
tween 10 and 10,000 casualties, showing, globally, an uneven distribution in both the number of events and the total deaths
(Section 3). The major prevalence of events in Asia is also one of the causes of the very high death tolls in those regions, but

the local conditions (population density, socio-economic situation) are also playing a major role (see Section 4).

2 Materials and Methods

In this study, flood events collected in the Emergency Database (EM-DAT) were used. This database contains basic data on

the occurrence and effects of more than 22,000 disasters in the world from 1900 to the present. The database is gathered from
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60 various sources, including UN agencies, NGOs, insurance companies, research institutes and media agencies. For the present
study, data referring to the last 70 years (period 1951-2020) were downloaded from the database and post-processed.
To better understand the status of available data, a classification was first made based on the number of events and the number
of fatalities. Based on this, five categories were considered: less than 10, 10 to 99, 100 to 999, 1,000 to 9,999, and more than
10,000. The frequency of occurrences as well as the number of fatalities during the period of 1951-2020 are shown in Figure 1.

65 According to Figure 1a, it can be seen that the highest frequency (about 51%) belongs to the category of 10-99 fatalities and the
lowest frequency (about 0.15%) belongs to the category of more than 10000 events. On the other hand, Figure 1b shows that
flood casualties in the category of less than 10 people include a small part (less than 0.2%) of the total casualties, and therefore,
in the present study, this category of data is not considered in the analysis. This also corroborates the research hypothesis to
focus only on disastrous flood, namely on events causing more than 10 fatalities. As a result, only incidents with casualties

70 between 10 and 9999 have been included in the analysis of the present study.
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Figure 1. Classification of EM-DAT data according to a) number of flood events; b) number of death tolls.

Since the number of events with casualties of more than 10000 people is small (six cases, 1), and the number mentioned in
the sources regarding the casualties of these events is mainly mixed with casualties due to incidental events, this category has

been investigated on a case-by-case basis, as briefly reported in the following.
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2.1 China 1954 Flood

In the summer of 1954, following heavy and continuous rains in the Yangtze River Basin, a huge flood occurred, causing the
most damages in the Hubei Province. Even if the 1931 event was more disastrous (Wang and Plate, 2002), official agencies
reported more than 30,000 death toll (Zong and Chen, 2000). However, in some other reports, including casualties from
accidents and cascading events such as diseases following the flood, this number has reached up to 200,000 people. A total of

more than 18 million people was strongly affected by this flood event.
2.2 China 1959 Flood

In 1959, a major flood in Eastern China caused the Yellow River to overflow. It is estimated that 2 million people were killed.
Because of the lack of detailed information, it is very difficult to estimate how many people died as a direct result of the flood,
and how many fatalities were caused by the great famine that followed (www.statista.com/statistics/267746/number-of-deaths-

globally-due-to-major-flooding).
2.3 Bangladesh (East Pakistan) 1960 Flood

Despite its relatively small area, Bangladesh (previously known as East Pakistan) is one of the most populated regions in the
world, as well as one of the poorest (Dasgupta, 2007). Moreover, this country is very disaster-prone, with floods being the
second most frequent occurrence after windstorms, and the one that caused the greatest losses.

The floods of 1960 is a clear example of disastrous events that happened in the region, as very intense precipitations caused an

inundation of about 20% of the country area. As a result, 10,000 people were killed, while many others were displaced.
2.4 Bangladesh 1974 Flood

Heavy rains in Bangladesh in the late spring of 1974 caused very severe flooding events in the area around the Brahmaputra,
Ganges, and Meghna rivers, killing at least 28,700 people and affecting more than 50% of the entire population of the country
(Paul and Mahmoud 2016). Of course, following this flood, other incidents took place in this country, including a severe famine
(Clay, 1985). Very probably the number of casualties are much higher that the one reported in official sources, as the affected

areas Were very poor.
2.5 China 1975 Flood

In August 1975, central China was impacted by very high rainfall events, with statistics reporting 830 mm of precipitations in
six hours, and about 1,000 mm cumulatively in three days (Yang et al., 2017). Triggered by such extreme rainfall, a massive
flood occurred, killing more than 20,000 people. More than 10 million people also lost their shelters in this disaster. During
the event, several dams were broken, including the Banqiao Dam, 118 meters high and 492 million cubic meters of reservoir,
which were in the path of the flood, and led to an increase in casualties, not officially reported. The height of the wave formed

by the breaking of this dam reached 10 meters, which was moving downstream at a velocity of 50 km/h (Liu et al., 2019).
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2.6 Venezuela 1999 flood

In December 1999, heavy rains caused a severe flood in Venezuela. About 200 mm of rain fell in two days in the Vargas area,
which led to floods, landslides and debris flows, killing about 30,000 people. Many bodies were never found due to transfer
to the sea. During this event, about 20 million m?3 of sediment was transported downstream from 24 watersheds upstream of
Vargas Beach and spread over an area of about 200 km? (?). Subsequent estimates showed that a debris flow with a velocity

greater than 10 m/s was the main cause of high casualties in this disaster (Takahashi et al., 2001; Wieczorek et al., 2017).

3 Results

The spatial distribution of the frequency of flood and the flood fatality indices are shown in Figures 2a and 2b, respectively. Due
to the large differences between the upper and lower bounds of data from a statistical point of view (the average values of flood
events frequency, N4, and the number of death tolls, D;,;, among the countries studied are 18.4 and 21.8, respectively, with
standard deviations of 35.9 and 8070.7, respectively), and to better represent the differences between different countries, the
logarithm to base 10 of these parameters, i.e., log19(Nq) and logio(D;or) are used for reporting flood frequency and death
tolls in Figures 2a and 2b, respecttively. As can be seen, the maximum number of flood events correspond to India, China,
Indonesia, Pakistan, Brazil and Vietnam, with 270, 247, 118, 98, 92 and 76 events, respectively. However, the highest fatalities
correlated to flooding events were reported in India, China, Pakistan, Bangladesh, Japan and Iran, with 75,355, 53,966, 15,192,
14,238, 8,033 and 7,883 death tolls, respectively.
Only three countries appear in both lists: India, China, and Pakistan, which are in the top 5%, meaning that some countries
are more vulnerable to floods than others. For example, Bangladesh, Iran and Japan, although ranked 9t 10™ and 18™ in
terms of the number of floods, are ranked 4™, 5% and 6™, respectively, in terms of the total number of casualties. On the other
hand, Indonesia, Brazil and Vietnam, which are ranked 3%, 5% and 6™ countries with the highest number of flooding events,
respectively, are ranked 9", 8 and 10" among all countries in terms of total number of victims.

To compare the human losses caused by in different countries, the fatality coefficient of floods is calculated by dividing the
total number of death tolls by the number of flood events for each country, and its spatial distribution is shown in Figure 3.As
can be seen in Eq.(1), to better represent the differences at the global level, a log scale is used in Figure 3 as already made in

Figure 2.

) )]

In Eq.(1), Cjq, is the fatality coefficient of floods for each country. As can be seen, the Netherlands, Lebanon, Yemen,
Hungary, India, and Somalia have the highest fatality coefficient in the world (top 5%). It should be noted that, for Netherlands,
Lebanon and Hungary, only one flood event was recorded during the studied period, which occurred in 1953, 1955 and 1970,

respectively, and no other floods with more than 10 deaths have been recorded in these countries since then. The countries of
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Table 1. Summary of flooding events causing more than 10,000 fatalities during the period 1951-2020.

Year Country Basin

Estimated peak discharge

fatalities  (m®/s)

Descriptions

1954 China Yangtze River

1959 China Yellow River

1960 Bangladesh Many regions in the country

Brahmaputra, and
1974 Bangladesh

Meghna rivers

Ganges,

1975 China Nv River

Naigauta, Quebrada Seca, San
Julian, Camuri Chico, El Cojo,
1999 Venezuela

Galipan, Osorio,

Piedra Azul,

Guanape,
Cerro, Camuri

Grande, and Uria Rivers

30,000 66,800

2,000,000 7,680

10,000 -
28,700 50,700
20,000 79,000
30,000 1,670

The discharge was measured at the Yichang
station, whose annual average flow was only

14,300 m®/s (Jinrong and Zhongshu, 1986).

The discharge is based on measurements at
Huayuankou station (van Maren et al., 2006).
About 35% of the country area was inun-
dated during the event (Monowar Hossain et al.,

2008).

About 20% of the country area was inundated
due to this event. Examination of available re-
sources shows that the fatalities reported for
this event are mainly due to several tidal waves
following a severe cyclonic storm (e.g.,Dunn,
1962; Sheehan and Hewitt, 1969; Frank, 1971;
Rasid and Paul, 1987; Moniruzzaman et al.,

2018)

During this event, 16 major rivers were above
the danger level for July and August. The dis-
charge is based on measurements at the Ba-

hadurabad gauging station (Mirza, 2003).

The discharge is estimated downstream of the
Bangiao Reservoir and is the largest outburst
flood of a man-made dam (Liu et al., 2019).
The discharge is estimated for the Uria River.
For the Cerro Grande and Camuri Grande
rivers, the peak discharges are estimated at
1,230 and 900 m®/s, respectively (Lopez et al.,
2003; Nakagawa, 2003).
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Figure 2. Global distribution of a) flood frequency; b) flood fatality index. The areas in grey are those countries having less than 10 death

tolls/event during the study period.

135 Liberia, Canada, Albania, Azerbaijan, Belgium, Mauritius, Serbia, Montenegro, Swaziland (Eswatini), and Sweden, for which
only one flood event was recorded during the studied period, are at the bottom of this list (bottom 5%).

From the analysis it is possible to note that countries in Southern, South-Eastern and Eastern Asia have the highest number

of floods worldwide, with 651, 367, and 349 events, respectively. Also, Northern Europe, Russia, Australia and New Zealand,

respectively with 2, 3, 6 and 8 events, have the lowest number of happenings among different regions of the world. In terms of

140 the number of flood death tolls, Southern Asia, Eastern Asia, and South-East Asia regions, with 127,738, 69,381, and 23,930
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Figure 3. Global distribution of the flood fatality coefficient. The areas in grey are those countries having less than 10 death tolls/event during

the study period.

death tolls, are the most impacted, while Northern Europe, Russia, and Melanesia regions, with 45, 141, and 187 death tolls,
have the lowest number of casualties during the studied period.

As an example of geographical disparities, one can observe that flooding occurred in the Asian continent lead to higher average
human casualties, which could be due to the very high population density (more than 4 times that of Europe and more than
40 times that of Oceania, following the www.worldpopulationreview.com data), as well as to the poverty of some of the major
impacted countries. A further discussion about the effects of socio-economic conditions on flood-related fatalities is reported

in the following section.

To provide a global overview of flood-related hazard, Figure 4 shows the spatial distribution of the number of flooding events
and the number of death tolls for different continents. As can be seen, Asia has 76.9% of floods death tolls with 57.9% of flood
events. In contrast, about 11.2% of the total casualties due to floods were reported in the Americas, characterized by 18.7% of
events, about 9.2% to the African continent with 18.3% of casualties, about 2.6% to the European continent with 4.5% of flood
events, and finally Oceania accounts for 0.7% of all human casualties with 0.7% of flood events.

Figure 5 shows the temporal variations in the number of flooding events, as well as the number of death tolls during the
1951-2020 period. As can be seen, the number of flood events from 1951 to 2007 almost had an increasing trend, and then
followed a decreasing path. However, the number of death tolls does not follow a certain trend and fluctuates a lot during the
studied period. Figure 5c and 5d shows the 5-year moving average of flood events and total deaths, respectively, normalized by
their average values.

While clear increasing and decreasing trends can be observed for the normalized number of flood events over time before and
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Americas

Figure 4. Percentage distribution of a) total flood events; b) total death tolls in the different continents.

after 2007, respectively, the moving average (Figure 5d) does not reveal a clear trend over time. Rather, periods of normalized
death tolls less than unity and greater than unity can be generally observed before and after 1980, respectively. Nevertheless,
during the last three years of the study period, the normalized death tolls are below the long-time average losses.

To evaluate the long-term trends, in Figure 6 these variations are depicted over different decades. As can be seen, the highest
number of flood events, with 735 cases, is related to the decade 2000-2010. Such a high number can be related to the most
positive annual rainfall anomaly (about +27.5 mm, Figure 6b) in the world during the study period. In the last decade (2010-
2020), the number of flood events has dropped to 694. Although this decrease can be promising, it should be noted that the
average number of flood events in the period 2000-2020 is about three times higher than the corresponding average in the
period 1951-2000. On the other hand, the number of death tolls, after an increasing trend from the beginning of the period,
reached its peak in the 1990-2000 period and has decreased since then.

To have a clearer picture of the temporal variations of flood loss intensity, the average number of casualties per flood event for
each decade is given in Figure 7c. As can be seen, despite the increase in the number of flood events (Figure 6a) as well as the
number of death tolls (Figure 6¢) in recent decades, the number of death tolls per event shows a decreasing trend that could be

due to increased warning measures and safety levels.

4 Discussion

To evaluate the role that anthropic pressure can have on flood trend, we examined the relationships between number of flood
events, floods fatality and world population as shown in Figure 7. Figures 7a and 7b show the variations in the number of
flooding events and the number of casualties against the total world population, respectively, considering different decades. It
can be seen that there is a direct correlation between the number of flood events and the number of casualties with the world’s

population. In other terms, as expected, to an increase of population corresponds a higher number of casualties. This reflects
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Figure 5. Temporal variations in a) number of flood events; b) death tolls.

the role of anthropogenic activities on natural processes such as floods (e.g., ?; Kiss and Blanka, 2012; Stuart-Smith et al.,
2021; Tellman et al., 2021).
It is worth noting that the correlation between humans and nature, as well as the potential effects of anthropogenic alterations

in many river corridors worldwide were the focus of several studies. For example, artificial channelization has changed the

10
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stage-discharge relationship and accelerated the rate of land loss in the Mississippi River delta (USA), and consequently has
led to the need for more investment to deal with floods in the region (Criss and Shock, 2001; Pinter et al., 2008; Munoz et
al., 2018). Another example is the increased flow velocity and flood level for a given discharge due to construction of narrow
levees along the American Wisconsin River, which caused damages especially during larger magnitude events (Gergel et al.,
2002).

Climate change is further stressing the need for addressing flood risk combining anthropogenic and natural drivers (Bronstert,
2003; Albright and Crow, 2019). It has been proved that the increase of the global temperature is fostering an increase in flood
risk (e.g., Yang et al., 2012; Hirabayashi et al., 2013; IPCC, 2021). As human activities are the major driver for such a growing
trend in temperature, it could be concluded that humans are at the basis of an increase in the risk of floods. Moreover, the
impact of socio-economic development on the increase of flood casualties cannot be ignored (Barredo, 2009; Tanoue et al.,
2016). For example, as population density increases in areas at high risk of flooding, the number of flood casualties is expected
to increase (Tellman et al., 2021).

In addition to the previous physical drivers, it must be stressed that a more connected world is driving to an increased and faster
access to information and data, which play a major role in detecting trends of flood events and related damages (e.g., Tanoue
et al., 2016; de Bruijn et al., 2019). However, such an increasing availability of data does not mean, per se, more scientifically

sound information: as pointed out by (Altez and Revet, 2005), there could be cases were official reports are very uncertainty in

12
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terms of number of fatalities, especially in the hardly accessible areas.

Figure 8a shows the changes in the number of casualties versus the number of flood events for the period 1951-2020. As can
be seen, the number of casualties is directly related to the number of flood events by Eq. (2) with a correlation coefficient
R2 of 0.92. This shows that if the number of flood events can be reduced, it can be hoped that the number of casualties will
be reduced as a result. Planting more trees and hedges to increase water absorption, dredging rivers, retention basins, create
sponge cities, green roofs, permeable pavements, restoring rivers to their natural courses, using water butts to collect rainfall,
and de-synchronizing peak flows from tributaries are among the possible strategies that can be implemented to reduce flood

risks.

Dior = 25.45(Npq) '3 (2)

To determine the variations in the number of events and the number of casualties and its relationship with the economy in

different countries, the changes in the number of events and the number of casualties against GDP (Gross Domestic Product)
per capita are shown in Figures 8b and 8c, respectively. As can be seen, the number of flood events per area is directly
related to GDP per capita. This suggests that many countries focus only on GDP growth and ignore other changes such as
increased flooding due to deforestation as well as rapid urbanization rate (Trinh and Quoc, 2017; Nzunda and Midtgaard, 2017).
Therefore, there are contradictions in increasing GDP and its side effects such as increased floods that should be considered by
decisionmakers.
Although a higher level of safety measures is expected in countries with higher GDP per capita, exploring the variations in
fatality coefficient against the per capita GDP shows that fatality coefficient is not strongly correlated with the GDP per capita,
and follows an almost constant trend with an average value of 1.68. Those global-scale results are somehow counter-intuitive,
as a few previous researches, focused on specific case studies, have shown that flood-induced death rates (fatalities per million
people) and flood-affected rates decreased with GDP growth per capita (Larsen et al., 2006)Larsen06 Larsen; Hu et al., 2018),
and also low education can be considered an intrinsic risk factor for flood mortality (Yari et al., 2020).

Figure 9 shows the ratio of flood-related deaths to population for different countries. As can be seen, Haiti, Bhutan, Nepal,
Djibouti, Puerto Rico, Somalia, Tajikistan, Afghanistan, the Netherlands, Saint Vincent and the Grenadines have the highest
mortality rates. All of these countries, with the exception of the Netherlands and Puerto Rico, have a GDP per capita of less
than US $ 10,000, and are therefore among the poorest countries in the world.

Providing relationships between different parameters can be effective in models for predicting and estimating flood losses
(Ward et al., 2013). Therefore, in this study, an attempt was made to establish relationships between the number of flood events,
flood losses, number of events per unit area, fatality coefficient and population.

Figures 10a-c show the variations in the number of flood events, the number of casualties, and the fatality coefficient against
the population of the country. As can be seen, power relations can be fitted between these parameters with R? as 0.85, 0.89,

and 0.15, respectively. Figure 10d shows the variations in the number of flooding events per unit area versus the population

13
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Figure 8. Variations of a) total death tolls against number of flood events; b) number of flood events per unit area against GDP per capita; ¢)

fatality coefficient against GDP per capita.

density for each country. Using the data plotted in this figure, a power relationship can be fitted between the number of events

per unit area and the population density, obtaining a correlation coefficient R? of 0.65.
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Npjg=1.32P%™ (3)
Do = 15.79P%15 4)
Cfar = 1.41P%0° )
Npa/A=1.28 x 1076(Py)*?° (6)

In the ebove equations, P and A are population (in 10° persons) and area (in km?) of each country, respectively. Also, P is
the population density, i.e., population per unit area (in person per km?).

As can be seen, with an increasing population or population density, the number of events, the number of casualties, the
number of events per unit area, and the fatality coefficient tend to increase. Due to the nature of the fitted relationships, it can
be seen that the rate of increase of these parameters is more severe at first, i.e., for lower values of population, and decreases
with increasing population or population density. These relationships can be used as a preliminary approximation in models

for predicting and estimating flood losses.

15



https://doi.org/10.5194/nhess-2021-357
Preprint. Discussion started: 1 December 2021
(© Author(s) 2021. CC BY 4.0 License.

103
a) ©  data points
——— Eq.(3)
102 -
=
1
§ 10
Q
100 0 oo QIO o ™
7/
7/
/
10_1 T T T T
0.01 0.1 1 10 100 1000
P (*10%
4
¢)
(@) data points
——— Eq.(5 1)
3 .
S
1 .
O T T T T
0.01 0.1 1 10 100 1000
P(*106)

10°

104

10°

D tol

Npa'4 (1/km?)

102

10!

10°

0.01

102

103

10

103

10°¢

107

b) .
@) data points
Eq. (4)

9%% %

/OooQ)
o /O/O) Oo@ o

0.1 1 10 100
P *10%

1000

d)

@) data points 0
Eq. (6) o

10 100

Py (1/km?)

1000

Figure 10. Variations of a) number of flood events, b) total death tolls, and c) fatality coefficient against country population; and d) number

of flood events per unit area against population density.

It is worth to remind that the presented results derive from a single database, and are therefore influenced by the data availability.
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Future studies will concentrate on integrating information coming from multiple databases, aiming to obtain more structured

and event-based outcomes.

5 Conclusions

In this study, the floods that occurred in the 1951-2020 period were investigated. Since floods with fatalities of less than 10
people constitute a small part of the total fatalities, and also the number of floods with death tolls of more than 10,000, the
present analysis was limited to events that caused between 10 and 10,000 fatalities, and used the EM-DAT database as a source
of information.

The results showed that there is a large difference among the various countries of the world in terms of number of flood
events and fatalities. Most floods occur in India, China, Indonesia, Pakistan, Brazil, and Vietnam, while India, China, Pakistan,
Bangladesh, Japan, and Iran have the highest flood death tolls. To compare the most vulnerable countries in terms of human
fatalities against floods, the flood fatality coefficient was calculated by dividing the number of casualties by the number of flood
events. Accordingly, the Netherlands, Lebanon, Yemen, Hungary, India, and Somalia have the highest fatality coefficient. Also,
in general, the South, East, and South-East Asia regions are the most vulnerable regions to floods. The study of the temporal
changes of floods showed that the number of events has been increasing since the beginning of the period and reached its peak
in the 2001-2011 decade, which corresponded to the largest precipitation anomaly in the world. Furthermore, the 1991-2000
decade shows the largest number of fatalities during the last 60 years. Finally, it was found that the number of fatalities per
flood event is currently declining, thus indicating the effectiveness of flood control methods, including flood awareness and
early warning, which can play an important role in reducing casualties. A direct correlation was found between the number of
flood events and the number of casualties with the world’s population. The results also demonstated some inconsistencies in

GDP growth and its side effects such as flooding.
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