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Floods and landslides are frequent and destructive geo-hydrological hazards that cause harm to people every
year. We analysed data on 1292 landslide and 771 flood fatalities that occurred in Italy in the 50-year period
1965–2014, to determine the dependence of the fatalities on gender and age and the circumstances of death
by type of hazard. The multinomial probability mass function of the expected fatalities by gender and age, as re-
ported by national census data, were estimated and compared with the observed landslide and flood fatalities.
We identified the age categories over or under representedwhen the observed fatalitieswere respectively higher
or lower than themodelled expecteddeaths.We found that in Italymales aremore vulnerable to floods and land-
slides for most of the age categories. Apart from children, males are over-represented up to the age of 89 for
floods and up to 79 for landslides, whereas females are under-represented up to the age of 59 for floods and land-
slides, and over-represented above 70 for floods and between 60 and 79 for landslides. To consider the demo-
graphic and socio-cultural changes over time, we performed a temporal analysis splitting the record into two
non-overlapping subsets of 25 year each. The analysis demonstrated that the over-representation of males com-
pared to the females, both for landslide and flood is statistically significant and does not vary in time, indicating a
different propensity towards the risk taking and a different degree of exposure betweenmales and females. Anal-
ysis of the data allowed to identify the common circumstances of death. Landslides fatalities occurred frequently
indoor, whereas themajority of the flood fatalities occurred outdoor, outlining the different dynamics of the haz-
ards. Floods killed numerous people along roads and drivers or passengers travelling in vehicles. We expect that
the results of this work will be helpful to design recommendations for self-protecting actions, and proactive pol-
icies that can contribute to reduce the human toll of floods and landslides in Italy, and elsewhere.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction
Geo-hydrological hazards (i.e., landslides and floods) cause signifi-
cant societal and economic damage and large number of fatalities
worldwide. The reduction of losses in lives and in thenumber of affected
people during natural disasters, including geo-hydrological ones, is an
expected outcome of the Sendai Framework for Disaster Risk Reduction
2015–2030 (UNSIDR, 2015). The identification of possible vulnerable
groups in terms of gender and age, and the recognition of the circum-
stances in which people lost their life are useful to improve the safety
of people, and to increase community resilience to geo-hydrological
hazards (Davies et al., 2015; Neumayer and Plümper, 2007;
UNESCO-UNICEF, 2012; Weichselgartner and Pigeon, 2015). Analysis
of the human consequences of geo-hydrological hazards is also im-
portant to understand the impact of disastrous events on the popula-
tion. For the purpose, catalogues of flood and landslide events and of
their human consequences were compiled and used to quantify the
number of fatalities and to estimate the geo-hydrological societal
and individual risk levels (Cruden, 1997; Guzzetti, 2000; Guzzetti
et al., 2005; Salvati et al., 2010; Wong et al., 1997), and to identify
the most hazardous circumstances in which people lost their life.
Despite a number of studies that have attempted to analyse fatalities
caused by floods and landslides by gender and age, statistical
approaches to compare the expected number of fatalities with the
demographic data distribution are still missing.

In the attempt to fill the gap, here we first update the catalogue of
landslide and flood fatalities in Italy (Salvati et al., 2013) with gender
and age information for the 50-year period 1966–2015, and next we
propose a statistical approach to quantify the expected number of land-
slide and flood fatalities, stratified by gender and age, exploiting census
data.

The paper is organized as follow. Section 2 establishes thenomencla-
ture used in the paper. Section 3 gives an overview of previous pub-
lished catalogues of information on landslide and flood fatalities,
including data and methods used to identify vulnerable groups of peo-
ple. In Section 4we describe the revised catalogue of flood and landslide
fatalities in Italy in the 50-year period 1966–2015, forwhich the gender,
age and circumstances of deaths were known. Section 5 presents the
findings of the different analyses executed by gender and age, including
the new statistical approach that exploits statistics on the number of fa-
talities and census data. In Section 6, we discuss our findings with the
available literature, and in Section 7 we conclude summarizing the
main results obtained.
2. Nomenclature

In thiswork,we use the terms “flood” and “inundation” as synonyms
to describe events where water covers rapidly land normally not cov-
ered by water (Directive 2007/60/EC). We use “bank full flood” to de-
scribe events constrained within natural or artificial banks, and “urban
flood” to describe events where water covers urban areas lacking suffi-
cient drainage, and not directly related to river discharge.We use “land-
slide” to describe all types of mass movements, including slides, debris
flows, soil slips, and rock falls (Cruden and Varnes, 1996; Hung et al.,
2013).We refer tofloods (including urbanfloods) and landslides collec-
tively as “geo-hydrological hazards”. “Flood fatalities” are individuals
who lost their lives prematurely due to, or as a consequence of a
flood, and who would be alive in absence of the flood. Similarly,
“landslide fatalities” are individuals who lost their lives prematurely
due to, or as a consequence of a landslide, and who would be alive
without the landslide. The “cause” of a flood or a landslide fatality
is the (physical) process that lead to (i.e., caused) the death of an in-
dividual. The “circumstance” is the condition, context, or location
that lead to the damage (the fatality). Gender refers to the biological
gender.
3. Background

A relatively limited number of authors have determined the number
of flood (Ashley and Ashley, 2008; Brazdova and Riha, 2014; Coates,
1999; Diakakis and Deligiannakis, 2013, 2015; Diakakis et al., 2012;
Doocy et al., 2013; FitzGerald et al., 2010; Guzzetti et al., 2005;
Jonkman, 2005; Jonkman and Kelman 2005; Maples and Tiefenbacher,
2009; Paulikas and Rajman, 2015; Pereira et al., 2015; Petrucci and
Versace, 2004; Pradhan et al., 2007; Ruin et al., 2008; Salvati et al.,
2010, 2012; Sharif et al., 2015; Singh and Kumar, 2013; Spitalar et al.,
2014; Vinet et al., 2012) and landslide (Dowling and Santi, 2014;
Evans, 1997; Guzzetti, 2000; Guzzetti et al., 2005; Pereira et al., 2015;
Petley, 2012; Petrucci and Versace, 2004; Salvati et al., 2010; Sanchez
et al., 2009; Sepulveda and Petley, 2015) fatalities, and of fatalities
caused by other meteorological hazards (e.g., sever weather, tornadoes,
tropical cyclones, heat/drought) (Badoux et al., 2016; Borden and
Cutter, 2008;Myung and Jang, 2011; Rappaport, 2000). The existing cat-
alogueswere constructed for different purposes, including the examina-
tion of the long-term consequences of floods on human health (Ahern
et al., 2005; Alderman et al., 2012; Hajat et al., 2005), the identification
of the gender and age of the fatalities (Ashley and Ashley, 2008; Badoux
et al., 2016; Coates, 1999; Diakakis andDeligiannakis, 2015;Doocy et al.,
2013; FitzGerald et al., 2010; Jonkman and Kelman 2005; Maples and
Tiefenbacher, 2009; Myung and Jang, 2011; Pereira et al., 2015;
Petrucci and Pasqua, 2012; Pradhan et al., 2007; Rappaport, 2000;
Sharif et al., 2015; Vinet et al., 2012), and the recognition of the causes
and circumstances of the fatal events (Ashley and Ashley, 2008;
Coates, 1999; Diakakis and Deligiannakis, 2013, 2015; FitzGerald et al.,
2010; Jonkman and Kelman 2005; Maples and Tiefenbacher, 2009;
Myung and Jang, 2011; Pereira et al., 2015; Petrucci and Pasqua, 2012;
Rappaport, 2000; Ruin et al., 2008; Sharif et al., 2015; Spitalar et al.,
2014; Vinet et al., 2012).

Fig. 1 portrays summary information obtained from 35 catalogues
listing fatalities caused by geo-hydrological events, including 20 cata-
logues listing information on flood (blue) and flash flood (light blue) fa-
talities, 6 catalogues listing landslide (green) and debris flow (light
green) fatalities, 5 catalogues that considered both flood and landslide
fatalities (dark red), and 4 catalogues with information on fatalities
caused by meteorological hazards (yellow). Inspection of the
Figure reveals an increasing interest towards fatal geo-hydrological
events and their human consequences, with 16 catalogues in earlier,
14-year period 1997–2010 (1.1 catalogue per year), and 19 catalogues
published in the later, 7-year period 2011–2016 (2.7 catalogues per
year).

3.1. Flood fatalities studies

Floods are probably the most frequent natural hazard worldwide
(Berz et al., 2001). In 2015, Lehmann (2015) estimated that river
flooding affects annually 21-million people globally, and that the num-
ber is expected to rise to 54-million by 2030. Jonkman (2005) estimated
that in the 27-year period 1975–2001 floods killed 175,000 and affected
2.2 billion people worldwide. Jonkman and Kelman (2005) studied 13
catastrophic floods in Europe and theUSA, and found that approximate-
ly 2/3 of the deaths were caused by drowning, and that the majority of
the fatalities were males.

Using the EM-DAT database and other sources, including the Dart-
mouth Flood Observatory Global Archive of Large Flood Events (http://
www.dartmouth.edu/~floods/Archives/), Doocy et al. (2013) estimated
that in the 30-year period 1980–2009 floods have killed more than
539,811 and have injured more than 361,974 people, globally. Through
their systematic review of the literature on the human impact of floods,
Doocy et al. (2013) found that the primary cause of flood-related fatal-
ities was drowning, and that significant differences in mortality exist
between countries. In developed countries, flood mortality is larger for
males, and particularly drivers of motor-vehicles, whereas in low-

http://www.dartmouth.edu/~floods/Archives
http://www.dartmouth.edu/~floods/Archives


Fig. 1. Catalogues listing fatalities caused by floods, landslides, andmeteorological hazards. Y, year of publication. E, number of fatal events. F, total number of fatalities. G, gender. A, age. C,
circumstances. V, vehicle related fatality. Country identified using ISO 3166–1 alfa-2 code, except for Latin America and the Caribbean (LAC), and theworld (W). Source, name or acronym
of each catalogue. Ref, (1) Evans (1997), (2) Coates (1999), (3) Rappaport (2000), (4) Guzzetti (2000), (5) Petrucci and Versace (2004), (6) Jonkman (2005), (7) Jonkman and Kelman
(2005), (8) Guzzetti et al. (2005), (9) Pradhan et al. (2007), (10) Ashley and Ashley (2008), (11) Borden and Cutter (2008), (12) Ruin et al. (2008), (13) Maples and Tiefenbacher
(2009), (14) Sanchez et al. (2009), (15) FitzGerald et al. (2010), (16) Salvati et al. (2010), (17) Vinet et al. (2012), (18) Myung and Jang (2011), (19) Petrucci and Pasqua (2012), (20)
Petley (2012), (21) Salvati et al. (2012), (22) Diakakis et al. (2012), (23) Sharma (2012), (24) Dowling and Santi (2014), (25) Doocy et al. (2013), (26) Diakakis and Deligiannakis
(2013), (27) Singh and Kumar (2013), (28) Brazdova and Riha (2014), (29) Spitalar et al. (2014), (30) (Paulikas and Rajman (2015), (31) Sharif et al. (2015), (32) Sepulveda and Petley
(2015), (33) Pereira et al. (2015), (34) Diakakis and Deligiannakis (2015), (35) Badoux et al. (2016). (For interpretation of the references to colour in this figure legend, the reader is re-
ferred to the web version of this article).
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income countries flood mortality is higher for females. Beside the com-
mon notion that in disasters females and children are considered more
vulnerable than men and adults (Guha-Sapir, 1993), the review did not
provide clear justifications for the observed differences in floodmortal-
ity between the genders, but noted the paucity of results for less devel-
oped countries where the majority of the flood deaths occur.

Destructive floods are particularly common in Asia, and especially in
Bangladesh, China and India, and in South America (Chavoshian and
Takeuchi, 2011; Kundzewicz et al., 2014). Sharma (2012) found that
the number of flood events in Asia increased three-folds between
1980 and 1989 and 2000–2009, and six-folds between 1970 and 1979
and 2000–2009, and that about 2/3 of the 201,804 Asian flood related
deaths were reported in south Asia. Working in Australia, Coates
(1999) obtained information on 2213 flood fatalities between 1788
and 1996, and FitzGerald et al. (2010) updated this information for
the period 1997–2008. These authors found a gender bias in flood fatal-
ities in Australia, with more than 80% of the fatalities males and less
than 20% females. They also observed that children and young adults
(21-year-old or younger) and the elderlies (70-year-old or older) suf-
fered more deaths than the other age categories, proportionally.

Ashley and Ashley (2008) assembled a national database of flood fa-
talities for the USA that lists information on 4586 fatalities in the 47-
year period 1959–2005, and found that young adults (10–19), old adults
and the elderlies (60-year-old or older), weremost vulnerable to floods.
The authors found that 63% of the flood fatalities in the USA were
vehicle-related, and that the remaining fatalities were equally distribut-
ed between people caught by a flood inside permanent structures
(e.g., private homes) and outdoor, in open areas. Guzzetti et al. (2005)
counted 38,380 fatalities caused by floods in Italy in the 686-year period
1317–2002, including 2750 fatalities in the 103-year period 1900–2002.
Salvati et al. (2010, 2012) updated the Italian catalogue of floods with
human consequences to cover the 1422-year period 589–2010, with a
total of 40,572 fatalities, including 2871 fatalities between 1900 and
2010. The temporal analysis of the Italian catalogue revealed that in
this country the largest number of flood fatalities were caused by cata-
strophic events occurred before the 19th century. Diakakis et al.
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(2012) counted 545flood fatalities inGreece that have caused 686 casu-
alties in the 130-year period 1881–2010 showing that urban environ-
ments tend to present a higher flood recurrence than mountainous
and rural areas.

A few national catalogues provide information on the circumstances
in which people lost their life. Myung and Jang (2011) collected infor-
mation on 966 flood fatalities in South Korea in the 19-year period
1990–2008, where drowning caused the greater number of deaths,
with females losing their lifemore frequently indoor andmales outdoor.
Pereira et al. (2015), working in Portugal, analysed a database of 1621
fatal floods between 1865 and 2010 that have caused 1012 fatalities.
They found that flash floods were responsible for the majority of the
flood fatalities, and that deathsweremost commonoutdoors, and inside
buildings in rural areas. Vehicle-related fatalities account for a signifi-
cant part of the flood fatalities in Greece (Diakakis and Deligiannakis,
2013), and were also studied in Sweden (Stjernbrandt et al., 2015),
and Texas (Maples and Tiefenbacher 2009). Sharif et al. (2015) found
that 95% of the flood fatalities in Texas in the 50-year period
1959–2008 were driving or walking into floodwaters. Yale et al.
(2003), Drobot et al. (2007) and Ruin et al. (2008) analysed flood fatal
events along roads in North Carolina, in Colorado and Texas, and in
Southern France to conclude that the road conditions, the behaviour of
the driver, including the familiarity with the road system, and the
driver’s age and gender, condition the vulnerability of the individuals
to a flood event. Petrucci and Pasqua (2012), working in Southern
Italy, found that during bad weather conditions drivers and passengers
of motor vehicles were more frequently involved in fatal occurrences
than pedestrians.

A few authors have investigated the human vulnerability to flash
floods, which are particularly destructive flood events (Jonkman,
2005). Spitalar et al. (2014) used a catalogue of flash floods in the USA
in the 7-year period 2006–2012 to determine a dependency of fatalities
on the physical parameters of the flash floods, and concluded that the
most important factors are the short duration of the event, the small
catchment size, and the low visibility at night. Ruin et al. (2008) inves-
tigated the human consequences of flash floods in France, and found
that small catchments with a response time shorter than 1 h are the
most dangerous, producing large numbers of fatalities.

Epidemiological studies have investigated the relationships between
floods and human health, and have found that vulnerability to flood de-
pends on multiple factors. The elderly, disabled, children, women, eth-
nic minorities and low-income people are particularly vulnerable to
the direct and the indirect health consequences of floods (Hajat et al.,
2005). In low income communities and countries, following a flood
event, females experience a higher mortality than men as a result of
malnutrition, diseases, and a higher risk of mental disorders
(Alderman et al., 2012). Studying a destructive flood event in Nepal in
1993, Pradhan et al. (2007) observed that women of all ages were
twice as at risk thanmen, and stated that it was not known if the dispar-
ity was related to gender discriminatory practices known to exist in
rural South Asian cultures, and suspected to exist in their study area at
the time of writing. Conversely, in developed communities and coun-
tries males experience a higher flood mortality than females.

3.2. Landslide fatalities studies

A small number of authors have investigated landslide fatalities, and
have examined the circumstances and the causes of landslide fatalities,
and the medical consequences of landslides. Petley (2012) compiled a
global catalogue of 2620 fatal landslides that killed 32,322 people in
the 7-year period 2004–2010, with themajority of the losses in Asia, es-
pecially in the Himalayas and in China, and most of the fatalities in
countries with inefficient disaster management systems. Dowling and
Santi (2014) compiled a global catalogue of 213 debris flow events in
the period 1950–2011 that have resulted in 77,779 fatalities. Analysing
different socio-economic indicators, the authors showed that landslide
mortality is higher in developing countries characterized by significant
poverty, more corrupt governments, and weaker healthcare systems.

Detailed catalogues of fatal landslides are available for a few coun-
tries or regions. Evans (1997) complied a catalogue of 84 fatal landslides
in Canada between 1840 and 1996 that have resulted in 545 fatalities.
Wong et al. (1997) used historical fatality data in Hong Kong in the pe-
riod 1948–1996 to perform a preliminary assessment of the circum-
stances of landslide fatalities in an urban setting, including e.g., private
buildings, roads, illegal settlements, and squatters.Wen et al. (2005) ex-
amined the characteristics of fatal landslides in China, and found that
more than 400 fatal landslides have resulted in a least 3000 deaths
and missing persons between 2001 and 2004. Sepulveda and Petley
(2015) compiled a catalogue of 611 fatal landslides in Latin America
and the Caribbean for the 10-year period 2004–2013 that have killed a
total of 11,631 persons. The presence of informal settlements in the
densely populated urban areas of these countries had a significant im-
pact on the number of the fatalities, confirming the effect of poverty
and marginalization on landslide mortality. Pereira et al. (2015) com-
piled a catalogue of 281 fatal landslides in Portugal between 1865 and
2010 that have caused 236 fatalities, and found that landslide fatalities
were mostly males (more than twice the number of females), and oc-
curred primarily inside buildings, especially in rural areas. Badoux
et al. (2016), working in Switzerland, found that (i) landslides and
snow avalanches were more dangerous to people than floods, (ii)
about 75% of the deaths were males, and (iii) the largest number of fa-
talities were in the 20–29 and 30–39 age categories.

In Italy, Guzzetti (2000) compiled information on landslides that
caused deaths, missing persons, injuries and homelessness between
1279 and 1999 finding that fast-moving failures such as rock falls,
rockslides, soil slips, debris flows and rock avalanches, were responsible
for more than 80% of deaths and injuries. Guzzetti et al. (2005) and
Salvati et al. (2010) extended the catalogue to cover the 1166-year pe-
riod 843–2008, listing 13,311 landslide fatalities, including 4103 fatali-
ties between 1950 and 2008. In the later period, fatalities caused by
landslides were three times more numerous than those caused by
floods.Working in Campania, Southern Italy, Cascini et al. (2008) count-
ed 311 fatal landslide events that have caused 2360 fatalities between
1640 and 2006.

Only a few authors have investigated the impact of landslides on the
genders. Sanchez et al. (2009) analysed the human consequences of
landslides caused by Tropical Storm Chata’an in July 2002 in
Micronesia that killed 43 people, and revealed that landslide mortality
was higher among females than males, and that children and teenagers
experienced a 10-fold increase inmortalitywhen compared to the aver-
age annual mortality from all causes. Catapano et al. (2001) studied the
consequences on landslide survivors. They found that 91% of 300 survi-
vors of the destructive 1998 debris flows in Campania, Southern Italy,
experienced post-traumatic stress disorder.

4. New data on gender and age fatalities in Italy

For Italy, comprehensive information on the human consequences of
floods and landslides, including the dead, injured people, missing per-
sons, evacuated and homeless people, is available from 68 CE to 2014.
During this 1947-year period, 1269 floods and 1620 landslides have
caused at least 53,606 fatalities and 4782 injured people (Salvati et al.,
2016, 2013, 2010). For this work, we search new data and we looked
to the age and gender of the fatalities, and to the causes and the circum-
stances of the fatal events occurred in the 50-year period 1965–2014,
including information on 771 persons killed by 441 flood events at
420 sites, and 1292 persons killed by 405 landslides at 390 sites
(Fig. 2) (data set is available at http://osf.io/Kamgc, doi: 10.17605/OSF.
IO/KAMGC|ARK c7605/osf.io/kamgc). We consider this the most com-
plete and representative portion of the catalogue that includes almost
all the fatal events, from very low intensity (causing one fatality) to
the most destructive (causing more than 30 fatalities).

http://osf.io/Kamgc
http://10.17605/OSF.IO/KAMGC
http://10.17605/OSF.IO/KAMGC
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We searched additional information in written reports and inter-
views to eyewitnesses, in newspaper articles and historical accounts,
in survivors’ inquiries and petitions, in reimbursement requests filed
by those who suffered damage, and in official government reports and
documents. We examined web sites, social networks and blogs, and
we collected and analysed photographs and videos. Care was taken to
ensure that the sources, and particularly the non-official sources
(e.g., newspaper articles, blogs, and social networks), were accurate
and truthful.

We determined the gender from the name of the dead person. We
assigned to each identified fatality the cause and the circumstance of
the death, and we confirmed the information by crosschecking all the
available sources. The most common problems encountered to identify
the causes and circumstances of death of the fatalities were related to
(i) the geographical and temporal extent of the events, (ii) the intensity
of the events,measuredby the number of the fatalities, and (iii) the time
of occurrence of the events. In general, the larger the area affected, and
Fig. 2.Map showing the location of 1292 landslide fatalities in 390 sites (yellow to red dots), and
1965–2014. (For interpretation of the references to colour in this figure legend, the reader is re
the longer the duration of the event, the larger was the number of doc-
uments available for the analysis. As a result, it was more difficult to or-
ganize a single and coherent “storyboard” for the large events than for
the small ones.

For the events that have caused large or very large numbers of fa-
talities it wasmore difficult to determine the names and to assign the
circumstances of death of the single fatalities. This was the case for
the two most catastrophic landslide events in the period i.e., the
Stava mudflow of 19 July 1985 that killed 268 persons (Tosatti,
1985), and the Sarno debris flows of 5 May 1998 that collectively
killed 160 persons (De Vita et al., 2013). Searching official docu-
ments, we identified the names and gender of all the fatalities caused
by these two catastrophic events, but we were not able to determine
the circumstances of death of each fatality. For the Stava mudflow,
the complexity of the rescue and recovery operations, and the diffi-
culties in the legal identification of the deaths, made the identifica-
tion not possible.
of 771 flood fatalities in 420 sites (sky blue to dark blue dots) in Italy in the 50-year period
ferred to the web version of this article.)



Fig. 3. Number of female (pink) and male (blue) fatalities due to (a) floods or
(b) landslides in the 50-year period 1965–2014 in Italy. See Fig. 2 for the geographical lo-
cation of the fatal events. (For interpretation of the references to colour in this figure leg-
end, the reader is referred to the web version of this article.)
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5. Data analysis

5.1. Gender and age

We determined the age of 1611 fatalities (78.1%), including 559
flood fatalities and 1052 landslide fatalities (Table 1). We established
the gender (from the name) of 1636 fatalities (79.3%), including 571
flood fatalities and 1065 landslide fatalities. Overall, males account for
57.6% and females for 42.4% of the flood and the landslide fatalities for
which the gender is known. In the studied period landslides killed
more males (592, 55.6%) than females (473, 44.4%), and floods killed
considerably more males (350, 61.3%) than females (221, 38.7%)
(Fig. 3). The latter is in agreement with findings in Switzerland
(Badoux et al., 2016), in Europe and the USA (Jonkman and Kelman,
2005), and in Australia (Coates, 1999; FitzGerald et al., 2010), that
showed that males are more exposed to flooding than females.

Age and gender are known to influence human vulnerability to nat-
ural hazards (Ashley and Ashley, 2008; Coates, 1999; FitzGerald et al.,
2010; Sharif et al., 2015; Vinet et al., 2012).

In our catalogue, differences exist in the age of the flood and the
landslide fatalities, and between females and males (Fig. 4a,b,c,d). The
average age of the fatalities was 43.3, with the average age of the female
fatalities (45.3) higher than the average age of themale fatalities (41.9).
The average age of the landslide fatalities was 42.2, with an average age
of the female fatalities of 43.6 and an average age of themale fatalities of
41.0. Similarly, the average age of the flood fatalities was 45.4, with the
difference between themale and the female fatalities larger than for the
landslide fatalities. For the females, the average age of the fatalities was
48.5, and for males was 43.5. Except for children (9-year-old and youn-
ger) and the elderly (70-year-old and older), landslides killed more
males than females, with maxima in the age category 30–39 for males
and 60–69 for females. Older females (80-year-old andolder)were con-
siderably more vulnerable to landslides than older males. Floods killed
more males than females in all age categories from 0 to 69. For older
persons, female fatalities were more numerous than male fatalities.
Overall, we observe a large number of male landslide fatalities between
10 and 59, and a similar large number of male flood fatalities between
20 and 69.

Identifying the groups of people most vulnerable to landslides and
floods is important to improve the resilience to geo-hydrological haz-
ards. In the literature, several studies have reported the number of fatal-
ities per gender and age (Ashley and Ashley, 2008; Badoux et al., 2016;
Diakakis and Deligiannakis, 2015; Dowling and Santi, 2014; Drobot
et al., 2007; Jonkman and Kelman 2005; Maples and Tiefenbacher,
2009; Pereira et al., 2015; Petrucci and Pasqua, 2012; Vinet et al.,
2012), but rarely as a function of themortality rate, or the size of the af-
fected population (Coates, 1999; Diakakis and Deligiannakis, 2013;
Myung and Jang, 2011; Sanchez et al., 2009; Sharif et al., 2015).

It is legitimate to ask if the observed differences in the number of fe-
male and male fatalities in the different gender and age categories are
significant and representative, considering the small number of fatali-
ties (a few tens to a few hundred) compared to the size of the
Table 1
Number (#) and percentage (%) of flood and landslide fatalities in Italy in the 50-year pe-
riod 1965–2014. See Fig. 2 for the geographical location of the fatal events.

Floods Landslides Floods and
landslides

# % # % # %

Fatalities in the catalogue 771 100.0 1292 100.0 2063 100.0
Fatalities with known gender 571 74.1 1065 82.4 1636 79.3

Males 350 61.3 592 55.6 942 57.6
Females 221 38.7 473 44.4 694 42.4

Fatalities with known age 559 72.5 1052 81.4 1611 78.1
Males 344 61.5 585 55.6 929 57.7
Females 215 38.5 467 44.4 682 42.3
population (tens to hundreds of thousands) (Fig. 4e). To respond to
the question, using census data obtained from the Italian National Insti-
tute of Statistics in 1961, 1971, 1981, 1991, 2001 and 2011 (http://
www.istat.it), for each gender and age category, we generated a large
set of 10,000 samples drawing randomly from a multinomial distribu-
tion, with each sample of the same size (number) of fatalities as in the
specific gender and age category. In mathematical terms, and using
the Gamma function notation (Evans et al., 2000), the probability
mass function (equivalent to the probability density function for dis-
crete data) of the multinomial distribution is given by,

f x1;…; xk;p1;…; pkð Þ ¼ Γ ∑ixi þ 1ð ÞQ
iΓ xi þ 1ð Þ

Yk

i¼1

pi
xi ; ð1Þ

where x1 ,… ,xk is the number of males (females) in each of the k age
categories, and p1 ,… ,pk is the corresponding probability.

We then prepared box and whisker plots to show the expected dis-
tribution of the fatalities in each gender and age category, and we over-
laid the observed number of the flood and landslide fatalities (Fig. 5).
Comparison of the expected fatalities based on the census data (the
box and whisker plots) with the observed landslide and flood fatalities
(shown by blue dots for males and pink dots for females), allowed us
to identify the gender and age categories over (under) represented
i.e., that have more (less) fatalities than expected given the size of the
population. We further consider statistically significant a difference be-
tween the observed and the expected fatalities when the dots (the
number of observed fatalities) are outside the whiskers embracing the
5th–95th percentile range, or the boxes showing the 25th–75th inter-
quartile range in Figs. 5 and 6.

We note important differences between the observed (points) and
the expected (box plots) fatalities (Fig. 5). For both genders, children
(0–9) are under-represented for both floods and landslides, and female
teen-agers (10–19) are under-represented for floods. We interpret this
result as an evidence of the low vulnerability of children and teen-agers,
probably as a result of the care taken to protect them during hazardous
events. Male fatalities are over-represented in the range of age 20–79
for floods and 30–79 for landslides. Male flood fatalities in the range
20–29 and 60–79 are largely over-represented, indicating a much
higher vulnerability.

5.2. Temporal analysis

When analysing natural hazards, it is important to consider that the
number of the deaths is a function of multiple factors that include the
intensity and magnitude of the hazards (e.g., volume of the landslides,
the velocity and depth for floods), and the type and distribution of the

http://www.istat.it
http://www.istat.it


Fig. 4. Statistics for flood (a, c) and landslide (b, d) fatalities by gender and age in the 50-year period 1965–2014 in Italy. Number (a, b) and percentage (c, d) of fatalities are grouped in ten
10-year age categories. Size of population in Italy by gender and age classes (e) computed averaging demographic data from six consecutive censuses executed by the Italian National
Institute of Statistics in 1961, 1971, 1981, 1991, 2001 and 2011. (For interpretation of the references to colour in this figure legend, the reader is referred to theweb version of this article).
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population at risk (e.g., population density, vulnerability of building and
people). The latter can vary geographically (Cutter et al., 2003; Strader
and Ashley, 2015) as a consequence of demographic changes
(Castagnaro and Cagiano de Azevedo, 2013; Frigerio and De Amicis,
2016). In the 50-year period 1965–2014, changes in the Italian culture
and society have transformed the family and social roles of males and
females. It is then appropriate to ask if these changes have affected the
impact of geo-hydrological hazards on the two genders.

To answer this question, we have analysed the changes of the distri-
bution of the fatalities in time, and to investigate possible variations
with gender and age, we split the available data in two, non-
overlapping 25-year data-subsets i.e., between 1965 and 1989, and be-
tween 1990 and 2014. We then applied the statistical approach de-
scribed before (Eq. (1)), and we compared the results with those
found for the entire 50-year period (Fig. 5). The size of the Italian popu-
lation for the two periods was calculated using the ISTAT national cen-
sus data available for the two periods. For the first 25-year period
1965–1989 we used information from the three censuses executed in
1961, 1971 and 1981, and for the second 25-year period 1990–2014
we used information from the 1991, 2001 and 2011 censuses.

Results are summarized in Fig. 6where the expected (box plots) and
the observed (dots) number of flood (Fig. 6 a,b), landslide (Fig. 6 c,d)
and both hazards (Fig. 6 e,f) fatalities, are shown for females (pink)
and males (blue), for the two different periods. The largest difference
between the two population data subsets consists in the large decrease
in the number of children (0–9) in the period 1981–2011, with 2-
million less children in 1991 compared to 1981. In the period
1990–2014 (Fig. 6 b,d) the population is most numerous in the age cat-
egory 30–39, for both genders.

Although the fatality distributions for the two periods do not differ
greatly from those calculated for the 50-year period (Fig. 5), differences
exist. The differences concern primarily the adult female and the young
male fatalities. In the period 1965–1989 (left side of Fig. 6) the female
fatalities were under-represented up to the age of 39 for landslides,
and up to 59 for floods. In the recent period 1990–2014 (right side of
Fig. 6) the female fatalities were under-represented up to the age of
69, with the exception of the age category 20–29. Other differences con-
cern the young males (10–19). For both landslides and floods, a de-
crease in the observed number of fatalities in the period 1990–2014
was registered, indicating a general increase in the safety of young
males, or a different risk exposure of young males to geo-hydrological
hazards.We further observe that in the category 60–79male flood fatal-
ities are well over-represented in the period 1990–2014 compared to
the previous period 1965–1989, and in the age category 50–79 male
landslide fatalities are over-represented in the period 1990–2014 com-
pared to the earlier period. We note that the over-representation of the
males (but not the females) is independent from the increased size of
the population in the same age categories (Fig. 6), a result of the aug-
mented life expectancy. The increased over-representation of male
flood and landslide fatalities reveals a higher vulnerability of adult and
old males to floods and landslides. This may be related to the fact that
males aremore active, or active longer than in the past in outdoor activ-
ities, or it maymeasure a higher risk-taking attitude ofmales, compared
to females (Coates, 1999; Ruin et al., 2007).

5.3. Places, conditions and dynamics of the fatal events in Italy

Determining the place of deathwas difficult, andwewere successful
for only 1182 fatalities (57.3%), including 514 flood fatalities and 668
landslide fatalities (Table 2). Fatalities occurred more frequently out-
door (706, 59.7%) than indoor (476, 40.3%), with differences between
floods and landslides. Flood fatalities were notably more frequent out-
door (392, 76.3%) than indoor (122, 23.7%), and landslide fatalities
were more numerous indoor (706, 59.7%) than outdoor (476, 40.3%).
For a number of the fatalities for which the place of death was known,
we were able to determine the type of place (e.g., inside a public or pri-
vate building, along a road or a railway, on a bridge, in an underpass)
(1135, 96.0%), the local circumstances (e.g., travelling on foot, by car,
by other vehicle, by boat) (697, 59.0%), and the dynamic of the fatal
event (e.g., dragged bywater ormud, involved in the collapse of a build-
ing, hit by a landslide, blocked in a flooded room, involved in train de-
railment or in the collapse of a bridge) (1139, 37.9%) (Table 2).

Landslides killed people mainly at home or in buildings (354, 29.9%)
due to the partial or total collapse of the buildings (304, 25.7% of which
180, 51.7% females, and 168, 48.3%males) or dragged by earth, debris or
mud (159, 24.8%) (Table 2).

Landslides killed people also along roads (137, 21.3%), were debris
flows and mudflows caught people in vehicles (e.g., cars, vans, buses,
tracks, excavators) (115, 37.3%) or hit pedestrians along the road (32,
10.3%). Landslide fatalities along roads were predominantly males
(76%) and subordinately females (34%). Landslide-induced train derail-
ments produced 66 fatalities in seven cases. Other landslide fatalities
(neither indoor nor along roads or rails) were people at work (89), in-
cluding hikers (42), lumberjacks (2), or shepherds (5), mostly males
(63, 70.8%), killed in mountains (47), along beaches (16), in the coun-
tryside (13), or near their homes (10). The most common dynamics
for landslide fatalities were persons involved in the partial or total col-
lapse of a building (304), dragged by rapid debris flows or mudflows



Fig. 5. Coloured dots connected by coloured lined show the observed number of fatalities
due to (a) floods, (b) landsides and (c) floods and landslides, for different genders
(females in pink, males in blue) and age categories in Italy in the 50-year period
1965–2014. Box plots show the expected distribution of the fatalities in each gender and
age category in the same period. See text for explanation. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of this
article.)
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(159), or hit by rocks (83). A small number of the fatalities (13) were
buried by a landslide deposit (Table 2).

The majority of the flood fatalities were killed outdoor (392, 76.3%),
primarily along roads (188, 38.1%), bridges (64, 13.0%), river banks (38,
7.7%), or when crossing a ford (20, 4.1%). The majority of these victims
lost their life in vehicles (217, 59.9%), or they were on foot (137,
37.8%). Indoor flood fatalities occurred in private or public buildings
(122, 24.7%), where people were blocked in a flooded room (81,
16.2%), were involved in the collapse of a building (19, 3.8%), or were
dragged away from a building by water (15, 3.1%). Of all the people
that lost their life inside a building (122), 30 were killed in a garage or
a basement, and 13 in the ground floor. We counted 64 deaths along
bridges (41 males, 64.1%, and 23 females, 35.9%), who were caught in
the collapse of the bridge or were carried away by water, including 58
people in cars. A number of people (38, 35 males and 3 females) lost
their life walking, driving or working along river banks, either carried
away by water or fallen into the river. Some of these fatalities were
workers verifying the stability of the riverbanks, and others were on-
lookers gathered along the river. A total of 20 people, 19 males and
one female, died attempting to ford a river.

6. Discussion

Analysis of our updated catalogue of fatal flood and landslide events
in Italy revealed that, in the 50-year period 1965–2014, geo-
hydrological events have killed 2063 persons in a total of 846 fatal
events at 810 different sites (Fig. 2). This is an average of 41.3 fatalities
per year, with a minimum of one fatality in 1997 and a maximum of
285 fatalities in 1985. The figures correspond to an average mortality
to geo-hydrological hazards of 0.07 (Salvati et al., 2010, 2012, 2016),
equivalent to seven lives lost every 10 million people, per year.

Our gender analysis revealed that, in the 50-year observation period,
floods have killed many more males (350, 61.3%) than females (221,
38.7%) in Italy, resulting in a gender ratio males/females, M/F = 1.58
(Table 1). Excluding children and young adults (20-year-old and youn-
ger), male flood fatalities are over-represented up to the age of 89, and
the over-representation is statistically significant i.e., the observed
number of fatalities (the dots in Figs. 5, 6) are outside the 5th–95th per-
centile range (shown by the whiskers) or the 25th–75th interquartile
range (shown by the boxes), of the expected number of fatalities,
given the size of the population in the genders and the age categories.
The result is similar to what was found in Europe (Badoux et al., 2016;
Diakakis and Deligiannakis, 2015; Pereira et al., 2015), the USA
(Jonkman and Kelman, 2005), and Australia (Coates, 1999; FitzGerald
et al., 2010) i.e., in high income countries in which the family, societal
and economic role of females is comparable to that of males. In some
low-income countries, and in communities and countries where the
standing of females is lower than the males, natural hazards are
known to kill (directly and indirectly) more females than males, and
to kill females at a younger age than males (Alderman et al., 2012;
Doocy et al., 2013; Fothergill, 1996; Nelson et al., 2002; Neumayer and
Plümper, 2007; Pradhan et al., 2007; Sanchez et al., 2009). The higher
vulnerability of females in some lower income communities and coun-
tries is attributed to gender inequalities, different care-giving roles and
responsibilities, and to the limited access to adequate resources
(Fothergill, 1996).

Our temporal analysis, performed splitting the catalogue in twonon-
overlapping temporal subsets (Fig. 6), indicated that, despite the demo-
graphic variations and the cultural and economic changes occurred in



Fig. 6. Coloured dots connected by coloured lines show the observed number of fatalities due to (a) floods, (b) landsides and (c) floods and landslides, for different genders (females in
pink, males in blue) and age categories in Italy in the two 25-year periods 1965–1989 and 1990–2014. Box plots show the expected distribution of the fatalities in each gender and age
category for the same two periods. See text for explanation. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2
Place, condition and dynamics of the fatalities caused by floods and landslides in Italy in
the 50-year period 1965–2014.

Flood
fatalities

Landslide
fatalities

Flood and
landslide
fatalities

# % # % # %

Where
Outdoor 392 76.3 314 47.0 706 59.7
Indoor 122 23.7 354 53.0 476 40.3
Total 514 668 1182

Place
Public/private building 122 24.7 354 55.0 476 41.9
Proximity of house 13 2.6 10 1.6 23 2.0
Road/highway 188 38.1 137 21.3 325 28.6
Railway 65 10.1 65 5.7
Campsite 21 4.3 21 1.9
Countryside 20 4.1 13 2.0 33 2.9
Mountains 47 7.3 47 4.1
Beach 16 2.5 16 1.4
Bridge 64 13.0 2 0.3 64 5.6
Riverbed 5 1.0 5 0.4
River bank 38 7.7 38 3.3
Underpass 2 0.4 2 0.2
Ford 20 4.1 20 1.8
Total 493 644 1135

Condition
On foot 137 37.8 121 39.3 258 38.5
By car 203 56.1 95 30.8 298 44.5
By road bike 2 0.5 2 0.6 4 0.6
By van 4 1.1 2 0.6 6 0.9
By tractor 2 0.5 2 0.3
By truck 4 1.1 3 1.0 7 1.0
By excavator 2 0.5 11 3.6 13 1.9
By bus 1 0.3 2 0.6 3 0.4
By train 65 21.1 65 9.7
By boat 7 1.9 7 1.0
Climbing 7 2.3 7 1.0
Total 362 308 670

Dynamics
Blocked in flooded room 81 16.2 81 7.1
Surrounded by flood water 26 5.2 26 2.3
Fallen into the river 18 3.6 18 1.6
Involved in a bridge collapse 61 12.2 2 0.3 63 5.5
Involved in building collapse 19 3.8 304 47.5 323 28.4
Involved in derailment 66 10.3 66 5.8
Fallen down in a slope 13 2.0 13 1.1
Boat sinking 5 1.0 5 0.4
Hit 83 13.0 83 7.3
Buried 13 2.0 13 1.1
Dragged 289 57.9 159 24.8 448 39.3
Total 499 640 1139
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Italy in the observation period, the differences between the genders
have remained about the same.We consider this an evidence of a differ-
ent propensity towards risk taking betweenmales and females (Coates,
1999), but also a different exposure of the genders to geo-hydrological
hazards in Italy. We note that in the studied period (1965–2014)
males were certainly more numerous than females in outdoor works
and activities, and that until recently rescue services (e.g., fire fighters,
police and defence forces) consisted entirely ofmales. Therefore, people
involved in rescue operations were only males. Consequently, males
were at a higher risk than females. We further note that females are
more vulnerable to flood than males from their 70’s (Fig. 5), and we at-
tribute this evidence to their comparatively higher physical weakness
related to their old age.

We found that flood fatalities in Italy occurred primarily outdoor
(76%), a result similar to what was found by Pereira et al. (2015) in
Portugal and by Diakakis and Deligiannakis (2015) in Greece. Flood fa-
talities were particularly numerous along roads, bridges and river
banks (Table 2). This allowed us to identify three main hazardous
behaviours, including (i) fording a river with a vehicle, (ii) moving to-
wards or standing on the banks or levees of a river, and (iii) standing
on a bridge, during a flood. We maintain that these evidently risky be-
haviours indicate that people were generally unaware of, or
underestimated the dangerousness of their potentially fatal actions
and conducts, probably linked to a low risk perception of motorists
(Ruin et al., 2007). People recognizing the severity of the potential con-
sequences of driving through floodedwaterways in situations of greater
risk, however, do not consider these consequences to be applicable to
themselves (Pearson and Hamilton, 2014). Drivers expect themselves
to have adequate driving skills in uncommon and unfavourable condi-
tions, and misjudge the ability of their vehicles to remain or travel on
roads partly or totally covered by water, debris, or mud. This finding
echoes the result of Drobot et al. (2007) who found that people in
USA who do not take flood warnings seriously are more likely to drive
through flooded roads.

Many of the flood fatalities in our catalogue were motor-vehicle re-
lated, with males (65%) largely more numerous than females (35%).
Similar findings were obtained in Greece (Diakakis and Deligiannakis,
2013) and in the USA (Ashley and Ashley, 2008; Drobot et al., 2007;
Sharif et al., 2015), and may confirm a different propensity towards
risk taking between the genders (Coates, 1999; Ruin et al., 2007), with
males more likely than females to take chances and hence to be victims
of motor-related accidents during floods (Petrucci and Pasqua 2012;
Sharif et al., 2015).With this respect, it is worth noticing that the gender
ratio for the motor-vehicle related flood fatalities, M/F = 1.9 is signifi-
cantly lower than the same ratio for all car accidents in Italy, for fatalities
M/F = 3.50 and for injured people M/F = 2.00 (Taggi, 2005). We con-
sider this further evidence that females are less likely to take chances
during a flood event.

To determine who between males and females is most affected by
fatal car accidents, the number of fatalities should be normalized by
the annual kilometres travelled or by the time spent driving, by males
and females. Unfortunately, this information is not available to us. How-
ever, we know the number of active driving licenses in Italy, by gender
and age. Using this information, we compared the number of active
driving licenses in 2013 assigned to females and males, for different
age categories, and we found that the proportion of males (females)
with an active driving license is larger (smaller) for all the age catego-
ries, and that the difference enlarges when the age increases (Fig. 7).
Thus, although in the period 1965–2014 the number of females with a
driving license has increased in Italy, the majority of the drivers were
(and are) males. We argue that the larger number of motor-related
male flood fatalities is due primarily to a higher exposure of males,
who are more numerous and drive longer than females, and subordi-
nately to a higher propensity towards risk taking of males than females
(SIRC, 2004).

A comparatively smaller number of flood fatalities (23.7%) have oc-
curred indoor (Table 2). For these fatalities, our sources reveal that the
main hazardous behaviours consisted in (i) remaining inside the
house in the attempt of taking care and securing goods and personal
properties, and in (ii) moving down to a lower floor (e.g., in a basement
or cellar) to rescue personal goods, including cars. The later behaviour
proved particularly dangerous. The evidence reveals a general lack of
understanding of the direct and indirect physical consequences of a
flood in a build-up environment.

Our gender analysis revealed that, in the 50-year observation period
1965–2014, in Italy landslides have killedmoremales (592, 55.6%) than
females (473, 44.4%) (Table 1). Similar to flood fatalities, males 20-year-
old or older are over-represented up to the age of 79. The over-
representation is statistically significant (Figs. 5, 6), and extends to land-
slides the difference in gender propensity towards risk taking, and the
different exposure to landslides of the two genders. The gender ratio
for landslide fatalities M/F = 1.25, is smaller than the corresponding
ratio for flood fatalities, M/F = 1.58, indicating a less defined bias to-
wards females of landslides than floods. Contrasting figures emerged



Fig. 7. Percentage of driving licenses in Italy, compared to the corresponding population,
grouped by gender. Females shown in pink and males in blue. Driving licenses data from
Ministry of Infrastructure and Transport (2013) (http://www.mit.gov.it/). Population
data from the Italian Istituto Nazionale di Statistica (http://www.istat.it). (For interpreta-
tion of the references to colour in this figure legend, the reader is referred to the web ver-
sion of this article.)
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for the most catastrophic events, with M/F = 0.84 for the Stava mud-
flow and M/F = 1.25 for the Sarno debris flows. Overall, the difference
betweenmale and female landslide fatalities is limited, andwe attribute
this evidence to the physical characteristics of the fatal landslides in
Italy, which are mainly rapid to very rapid slope failures, including
rock falls, debris flows, rapid mudflows, and soil slips (Guzzetti et al.,
2005). These failures can travel long distances rapidly, killing people
at large distances from their source areas. The Stava mudflow (Tosatti,
1985) and the Sarno debris flows (De Vita et al., 2013) were very
rapid failures that killed people several hundred meters to a few
kilometres from their source areas. Our results are in agreement with
Hungr (2007), who argued that landslide velocity is themost important
factor to determine the destructive potential of a landslide, and that
rapid and very rapid landslides stand out in terms of human vulnerabil-
ity. We conclude that, independently of age and gender, it is difficult to
escape rapid to very rapid landslides.

Recently, Sepulveda and Petley (2015) have argued that in Central
Colombia, SE Brazil and in some Caribbean islands, strong correlations
exist between the number of fatal landslides and the size and density
of the population. We did not find similar correlations for Italy.

Contrary to floods, the majority of the landslide fatalities occurred
indoor (53.0%) (Table 2). The sources indicate that, most frequently,
people were caught by surprise by the landslide event, andwere appar-
ently unaware of the imminent risk. This is somewhat confirmed by the
limited number of cases for which we know that people attempted to
escape a landslide (23 persons, 14 males, 9 females). In January 2017,
in the village of Ortolano, central Italy, a person escaping from his
home following an earthquake was killed by a snow avalanche initiated
by a large rock fall triggered by the earthquake. We argue that many of
the landslide fatalities were unaware of the risk. Landslides are point
events in space and time, and are difficult to predict, and particularly
the rapid to very rapid failures that can travel long distances. This may
explain the lack of understanding of their dangerousness. The lack of
awareness and the underestimation of the landslide risk is in agreement
with the results of nationwide surveys on the perception of landslide
and flood risk in Italy (Salvati et al., 2014).

Outdoor, rapid and very rapid landslides were amajor cause of fatal-
ities primarily along roads (21.3%). We do not have sufficient informa-
tion to separate fatal events occurred along urban, main or rural roads.
Of the 97 landslide fatalities who lost their lives driving or travelling
in vehicles along roads, themajority (76, 78%)weremales. This may ex-
tend to landslides the result of Sharif et al. (2015)who found that males
are much more likely than females to be victims of motor-related acci-
dents during flood events.

Landslides have killed more people (1292, 62.6%) than floods (771,
37.4%) and we consider this a direct consequence of (i) the higher de-
structiveness of landslides compared to floods, (ii) the related larger
vulnerability of the population to landslides than floods, and of (iii)
the generalized lack of effective landslide early warning systems. Our
finding for Italy is in agreement with results obtained by Badoux et al.
(2016) in Switzerland, where landslides and snow avalanches are
more dangerous to people than floods, but is in contrast with what
was found for other countries or geographical areas where floods
proved more dangerous and produced more fatalities than landslides
(Ashley and Ashley, 2008; Berz et al., 2001; Borden and Cutter 2008;
Drobot et al., 2007; Pereira et al., 2015; Sharif et al., 2015; Witz et al.,
2014). The difference may depend on multiple factors, including: (i) a
larger abundance of landslides (Trigila et al., 2010), of landslide events
(Guzzetti and Tonelli, 2004), and of landslide prone areas (Marchesini
et al., 2014) in Italy than in other countries or geographical regions, a re-
sult of the local geological and meteorological settings; (ii) an underes-
timation of the landslide information in other catalogues and regions
(Guzzetti et al., 2012), a result of the difficulty to detect landslides in re-
mote areas (Guzzetti, 2000); (iii) the time span and completeness of
some of the catalogues; and (iv) differences in the classification of the
events e.g., the classification of fatalities caused by debris flows and
other similar rapid-moving, channeled landslides as flood fatalities in
some of the catalogues. For the later, we acknowledge that the distinc-
tion is locally difficult and introduces uncertainty (Guzzetti et al., 1994).
7. Conclusions

We used information on floods and landslides with human fatalities
in Italy in the 50-year period between 1965 and 2014 to determine the
dependence of the fatalities on gender and age, and found that land-
slides in Italy have killed many more persons (1292) than floods
(771) in the investigated period. We conclude that in Italy landslides
are deadlier than floods, and that the Italian population is more vulner-
able to landslides than floods. This is different from other countries or
geographical areas where floods are more dangerous and have pro-
duced more fatalities than landslides (Ashley and Ashley, 2008; Berz
et al., 2001; Borden and Cutter, 2008; Drobot et al., 2007; Pereira et al.,
2015; Sharif et al., 2015; Witz et al., 2014). We hypothesize that the
same occurs in similar climatic and physiographical settings. Differently
from floods, rapid and very rapid landslides, including rock falls, debris
flows, rapidmudflows and soil slips, are very difficult to predict, and are
particularly destructive (Hungr, 2007). We attribute their dangerous-
ness to the fact that they can travel long distances rapidly, and that it
is difficult to escape rapid to very rapid slope failures, independently
of the age and gender, and of the dynamics of the event.

http://www.mit.gov.it/
http://www.istat.it
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Floods and landslides have killed more males than females in most
of the age categories (Fig. 4), and our statistical analysis revealed a sys-
tematic over-representation (under-representation) of male (female)
fatalities in the range of age from 20 to 79-year for landslides and
from 20 to 89-year for floods (Fig. 5). Splitting the catalogue of fatalities
in two non-overlapping periods revealed that the trend was indepen-
dent of the demographic variations and cultural and economic changes
occurred in Italy in the observation period (Fig. 6). Our results confirm a
different propensity towards risk taking of females andmales, and a dif-
ferent degree of exposure to geo-hydrological hazards of the two gen-
ders. For floods, the result is in agreement with similar findings in
Europe (Diakakis and Deligiannakis, 2013; Pereira et al., 2015), USA
(Ashley and Ashley, 2008; Jonkman and Kelman, 2005), and Australia
(Coates, 1999; FitzGerald et al., 2010). For landslides, the result is in
agreement with recent findings obtained for Switzerland (Badoux
et al., 2016). Fatal landslides have killed more indoor, with many of
the fatalities in their homes, whereas floods have caused more fatalities
outdoor,mainly along roads, bridges and river banks and levees. Thedif-
ference outlines different dynamics and conditions that lead to theflood
and the landslide fatal events.

We expect that the results of our analysis of the causes and circum-
stances of the flood and landslide human losses in Italywill be helpful to
design recommendations for self-protecting actions, and proactive pol-
icies that can contribute to reduce the severe human toll of floods and
landslides in Italy (Guzzetti et al., 2005; Salvati et al., 2012, 2010), and
elsewhere. This can be achieved e.g., by (i) providing information in
civil protection plans on what to do, and not to do when facing a flood
or landslide event indoor or outdoor (http://polaris.irpi.cnr.it/sei-
preparato/), (ii) posting specific road signs along levees, bridges and
fords, (iii) considering geo-hydrological hazards in driving schools,
(iv) increasing the awareness of geo-hydrological hazard and related
risks in students of all ages. We recommend that the policies are
based on dedicated participatory communication and educational
efforts.
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