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Abstract

Purpose — Tropical storms pose a significant threat to population despite the noteworthy
improvements in forecasting and emergency management. Following the effects of Hurricane Sandy in
the continental North America (USA and Canada) and the Caribbean, the purpose of this paper is
to examine the mortality caused by the hurricane, focussing on differences in human vulnerability
between these two regions.

Design/methodology/approach — The authors developed a database of 233 deaths, consisting of
variables that provided a description of the circumstances under which the fatal incidents occurred and
demographic details of the victims.

Findings — Analysis of the database showed higher percentages of female and young victims in the
Caribbean than in continental North America, where mortality increased progressively with age and
the ratio of males to females was higher. The majority of deaths occurred outdoors especially during
clean-up and in vehicle crashes related to the storm. Physical trauma and drowning were identified as
the most common causes of death, followed by carbon monoxide poisoning, hypothermia and
others, although substantially different percentages were recorded between the two regions. Overall,
indirect deaths presented a higher percentage than direct ones. Among the latter, incidents caused by
storm surge and tree falls showed the highest numbers. Power failure and car crashes were the most
common cause of indirect incidents.

Originality/value — The paper provides a thorough analysis of the circumstances under which fatal
incidents occurred. It identifies parameters that affected the vulnerability of human life to the storm
and discusses the differences between the Caribbean and continental North America.

Keywords Caribbean, Disasters, Continental North America, Fatalities, Hurricane Sandy,
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1. Introduction

Central and North America’s east coast is one of the most hazardous tropical cyclone
zones in the world (Blake et al., 2011), sustaining extensive human losses and economic
damages (Rappaport and Fernandez-Partagas, 1995; Hebert ef al, 1996; Rappaport,
2000; Pielke et al, 2008; Blake et al, 2011). Although related fatalities were found
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to present a general decreasing trend (Rappaport, 2000; Czajkowski ef al, 2011),
during the last decade catastrophic tropical cyclones like Katrina (Brunkhard ef al,
2008; Jonkman et al., 2009), Ike (Zane et al., 2011), Ivan (Ragan et al., 2008), Irene (Avila
and Cangialosi, 2011), Rita (Zachria and Patel, 2006) and others have affected North
America (Blake et al., 2011) and the Caribbean (Pielke et al., 2003) with disastrous effects
on public health.

Literature discusses the short- and long-term consequences of hurricanes and
associated phenomena to human health (Rappaport, 2000; Ahern et al., 2005; Alderman
et al., 2012). Several works analyze hurricane- and flood-related mortality (Lew and
Wetli, 1996; Rappaport, 2000; Brunkhard et al., 2008; Philen et al., 1992; Ragan et al.,
2008; Zane et al., 2011; Yeo and Blong, 2010; French et al., 1983; Jonkman and Kelman,
2005; Ashley and Ashley, 2008b; Zahran ef al, 2008), exploring factors that affect
vulnerability of individuals, on a single-event (Chowdhurry et al., 1993; Bern et al., 1993;
Staes et al., 1994; Lew and Wetli, 1996; Jonkman ef al., 2009) or on a multiple-event basis
(Rappaport, 2000; Ashley and Ashley, 2008a; Czajkowski ef al., 2011).

Regarding the age of the victims, most studies (Combs et al., 1996; Bern et al., 1993;
Rappaport, 2000; Ragan et al., 2008; Brunkhard ef al., 2008; Jonkman et al., 2009) find a
progressively increasing mortality rate with age. Philen et al. (1992), Bern et al. (1993)
and Yeo and Blong (2010) found that very young individuals (younger than ten years
old) show high mortality rates as well. This conclusion is consistent with the findings of
Coates (1999), Fitzgerald et al. (2010) and Ashley and Ashley (2008b) for flood-related
fatalities. Increased vulnerability in these age groups is attributed either to their
physical inability to flee (Bern et al., 1993) or the propensity for risk taking among the
youthful (Coates, 1999).

Regarding the gender of the victims, most studies conclude that males show an
increased representation (French et al, 1983; Combs et al, 1996; Lew and Wetli, 1996;
Rappaport, 2000; Yale ef al., 2003; Ashley and Ashley, 2008b; Ragan ef al., 2008; Jonkman
et al., 2009) attributed to their involvement in riskier activities. However, Bern ef al. (1993),
Pradhan et al. (2007), Jonkman ef al. (2009) and Yeo and Blong (2010) suggest that in certain
cases, females are proved to be equally or even more vulnerable than males.

Regarding the activity of the victims at the time of the incident, it is suggested that a
significant percentage of deaths caused by hurricanes and flooding are vehicle related
(French et al., 1983; Bern et al., 1993; Staes et al., 1994; Rappaport, 2000; CDC, 2000; Yale
et al., 2003; Drobot et al., 2007; Ashley and Ashley, 2008a). An important portion of
incidents occur indoors (Lew and Wetli, 1996; Jonkman et al., 2009), during evacuation
efforts (Lew and Wetli, 1996; Jonkman et al., 2009), while repairing property or public
utilities (Philen ef al,, 1992) or while individuals are engaged in recreational activities
(Rappaport, 2000).

The literature discusses a number of different etiologies of death. Drowning and physical
traumas present the highest percentages (Combs ef al., 1996; Rappaport, 2000; Jonkman
et al,, 2009; Czajkowski et al,, 2011) among hurricane-related fatalities. A significant amount
of fatalities is associated with electrocution (Combs ef al, 1996; Philen et al., 1992), carbon
monoxide poisoning (Lew and Wetli, 1996; Ragan et al., 2008), heart attacks (Combs et al,
1996; Philen ef al, 1992; Jonkman ef al, 2009) and burns (Ragan et al., 2008).

Rappaport (2013) suggests that storm surge is the most dominant cause of fatal
incidents, although previous research highlighted an increasing trend of
freshwater-related fatalities after 1970 (Rappaport, 2000; Czajkowski ef al, 2011).
However, Hurricane Katrina was a notable exception of this trend (Jonkman et al,
2009). Deaths due to rough seas have seen a reduction mainly due to improvements in
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forecast and evacuation procedures (Philen et al., 1992). Fatal incidents caused by
excessive winds and storm induced landslides are also acknowledged in the literature
(Rappaport, 2000; Yeo and Blong, 2010). Indirect deaths caused by car crashes (Combs
et al., 1996; Lew and Wetli, 1996; Yale et al, 2003), falling trees (Rappaport, 2000;
Schmidlin, 2009), falls from height (Combs et al., 1996) occurring during repair works
or disaster clean-up efforts (Combs ef al., 1996) have been also recorded. An important
portion of fatalities includes deaths connected with cardiovascular incidents and
other medical conditions (Combs ef al., 1996; Lew and Wetli, 1996). Finally, several
cases are connected to hurricane disaster-related suicides (Lew and Wetli, 1996;
Ragan et al., 2008).

From 23 October to 31 October 2012 the late-season tropical system “Sandy”
developed in the west Atlantic and traveled through the Caribbean, hitting the
Bahamas, Cuba, Jamaica, Puerto Rico, the Dominican Republic and Haiti. The system
progressed northwards toward the eastern seaboard of the USA and was steered
inland due to an interaction with an upper-level low (Molthan and Jedlovec, 2013). The
system then progressed inland with its center passing north of Atlantic City, NJ,
inducing extensive damages and numerous fatalities across its course. Although
preventive measures were put in place and early warning was issued, the hurricane had
a severe impact on public health.

The objective of this paper is to develop a systematic record of fatalities caused by
Hurricane Sandy, to examine the conditions under which fatal incidents occurred,
focussing on possible differences between the Caribbean and the continental
North America.

2. Data and methods

2.1 Data

Given the lack of an official systematic record summing up all fatalities induced
internationally by Hurricane Sandy, data for this work were collected by a variety of
sources (Table I). Apart from information contained in the official records of each
country, additional information from international organizations, the press and local
authorities (e.g. police sources) had to be collected, in order to develop a systematic
record with adequate details. In total, 379 reports and descriptions of fatal incidents
were retrieved from official sources and 321 from the press (Table I). To determine that
a fatality was related to Hurricane Sandy, apart from the information given by the
official sources, the description of each incident was studied in detail. A fatality was
included in the database only if it was caused by the actual physical forces of the
disaster or their direct consequences, or by certain unsafe or unhealthy conditions,
displacement, property damage, personal loss or stress, loss or disruption of services
that were created by these forces, based on the criteria set by Combs ef al. (1999) for
disaster fatalities.

2.2 Methodology

In accordance with the approach proposed by Legome et al. (1995), Jonkman and
Kelman (2005) and used by several other authors (e.g. Rappaport, 2000; Jonkman et al.,
2009), a database was developed to link all available information on each fatal incident.
The database included all deaths that were directly or indirectly attributable to the
storm. Long-term health effects caused by Hurricane Sandy were not examined in
this work due to lack of available data. Each entry of the database corresponded to one
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No. of No. of fatalities
fatalities reported in more
Country Sources retrieved  than one sources
Bahamas  RBPF (2012b) 1 1
RBPF (2012a) 1 1
OCHA (2012) 2 2
Stebner and Edwards (2012) 1 1
Cockerton (2012) 1 1
Canada Toronto Police (2012) 1 1
Sarnia Police (2012) 1 1
Ministry of Energy (2012) 1 1
Dobson (2012) 1 1
Cuba Estado May or Nacional de la Defensa Civil, 11 11
Cuba (2012)
OCHA (2012) 11 11
PAHO (2012) 11 11
Juventud Rebelde (2012) 11 11
Dominican OCHA (2012) 2 2
Republic  Hoy (2012) 2 2
Haiti Direction de la Protection Civile (2012) 10 10
OCHA (2012) 54 48
Agence Haitienne de presse (2012), Alter Presse 48 48
(2012a, b, ¢), Haiti En Marche (2012a) Haiti En Marche
(2012a,b), Trenton (2012)
Jamaica OPDEM (2012) 2 2
CDEMA (2012) 2 2
Robinson (2012) 1 1
North Coast Times (2012) 1 1
Puerto Rico AP (2012) 1 1
OCHA (2012) 1 1
USA Blake et al. (2013) 147 147
CDC (2012) 117 117
CDC (2013) 4 4
CBS (2012), Keller (2012), Weiss and Gardiner (2012), 138 138
Philly (2012), Raynolds (2012),
CNN (2012)
Murti et al. (2013), Howland ef al. (2013) 116 116
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Table L.

Sources of
information on
mortality induced by
Hurricane Sandy per
country and the
number of fatalities
obtained from each
source

fatality and consisted of several variables that provided a detailed description of
each incident. Every entry was given a value or a classification in each of these
variables. Duplicates were identified and eliminated based mostly on the victim’s name.
In 52 cases, where the name was not available, specific details of the incident (such as
its exact location, cause of death, the gender or the activity of the victim, etc.) were used
to distinguish duplicate entries. The structure of the database and the variables
used to describe each fatal incident are presented in Figure 1.

The database was developed in three modules. The first module contained
information on the date of the incident and details on the exact location, including the
county or parish, the state and the country that the incident occurred. The second
module contained details on the names, the exact age and the gender of the decedents.
The third module contained information on the incident itself, including the activity
of the victims at the time of the event, the cause of death and a brief description of the
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Figure 1.

Structure of the
database in three
modules containing
variables that
provide details on
each incident,
including its location,
its timing, the
surrounding
environment and
details of the victims
and their activities

etiology of the incident, or the circumstances, or the natural phenomenon that lead to
each fatality. This module contained also details about the incident’s proximity to
the coastline.

With regard to the activity of victims, possible classifications include the general
course of actions followed by the victims before the fatal incidents, such as: walking
outdoors, staying indoors, using a vehicle, being on a boat, doing recreational activities,
evacuating a location, attempting a rescue or attempting a repair. Regarding the cause
of death, possible classifications include drowning, burns, asphyxiation, heart attack
(caused during the disaster and attributed directly to the events), physical trauma (i.e.
physical injuries sustained during storm or related to it), electrocution, gas poisoning
and hypothermia.

A brief description of the phenomenon or the cause of each fatal incident was also
recorded in the database. Fatalities were classified as direct or indirect using the
classification method of Combs et al. (1999), adopted also by CDC (2013).

According to this method, fatalities were classified as “direct” when caused by the
actual physical forces of the tropical storm (i.e. the wind, rain, flooding, storm surge,
rough seas,) or direct consequences of these forces (i.e. building collapses, tree falls,
landslides, air-borne debris) (Combs ef al., 1999). On the other hand, fatalities were
classified as “indirect” when caused indirectly by unsafe or unhealthy circumstances
that were created as a result of the storm. These conditions include the loss of
disruption of usual services, personal losses, disruption of an individual’s lifestyle
(Combs et al., 1999). Such circumstances included accidents occurring during clean-up
operations, car crashes, suicides, electrocutions, falls in the dark due to power shortage,
deaths connected with medical conditions and power failures related to the hurricane.
Based on this distinction, indirect deaths were not connected directly to the actual
forces of the storm, but instead they were secondary outcomes of specific situations or
circumstances caused by the hurricane (e.g. power failure).

The formation of the database allowed the development of a systematic inventory
based on data fragmented in several reports, standardization of information and easy

Reference For reference - Walking (Pedestrian)
@ number purposes i) - Being indoors @ - Building collapse
© © o] - i
bt Date of the 5 - Onva boat ) = Rough seas (open sea drowning)
a Date incident T A ctivity |~ Using a vehicle ° - La_ndsllde
s 1) of victim |~ Recreational (Sports) 123 - Vl(lnd gust
o Exact Exact location % - Evacuatfng a location % Cause of | Airborne debris )
= Location of the incident = - Attempting a rescue S | incident | Freshyvater flooding
S . .
e o - Attempting a repair o - Tree/limb fall
‘; County County, parish or 2 - Involves in clean-up 7 - geawatgg su!rge
= department, state || — = - Car acciden
= and country = = - Heart attack
<] State ° > © - @ - "
= in which the = - Asphyxiation = - Contact with power lines
Count incident occurred || 8 - Burns 3 - Suicide
ountry ks - Drowning S - Power failure related
I £ | Cause | Heart attack £
S Name o |of death | _ ppysical Trauma ™
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= = Age and gender of .§ - Gas poisoning _§ from II: lance I:;z_)m
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Note: Variables are presented on the left column of each module, whereas explanation and
possible classifications are presented on the right columns in italics
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cross-reference, comparison and quantitative analysis. After its completion, the
characteristics of the fatal incidents were quantified. The whole record was linked
to a GIS database through which the locations of the fatalities were mapped.

2.3 Data quality and uncertainties

Due to the importance of the disaster, multiple international, national and local
organizations, along with the international media, recorded parts of the storm’s
impact on human lives. Data were collected from multiple sources with an overall
completeness rate of 91.1 percent, as information was missing for 322 out of a total
of 3,617 database entries.

All fatalities included in this study were reported as caused by Hurricane Sandy, by
the relevant official organizations in each country that is civil protection, emergency
management or other state agencies. Inconsistent or incomplete data were found in
certain cases including:

(1) Minor discrepancies in fatality numbers reported in the USA (CDC, 2013;
Blake et al, 2013). These discrepancies were associated with the timing of
data collection by the agencies in question and in differences in the criteria
used to determine whether a fatality was connected or not to the hurricane.

(2) Missing data regarding certain incidents in Haiti.

Although press articles have been used before in the study of natural hazards (Llasat
et al, 2009; Diakakis et al, 2012) to diminish any uncertainties deriving from the
subjectivity connected to the non-scientific nature of press articles, the variables
selected to describe the incidents were specifically chosen in a way that they would not
be subject to the reporter’s opinion. In addition, information for the majority of
fatalities (227 out of the total 233 or 97.4 percent) was cross-referenced between at least
two independent sources to assure accuracy. Information from different sources was
checked for inconsistencies. Although the vast majority of incidents presented no
conflicting information between different sources, in the few cases where differences
were found, more than three independent sources were used to clarify any
contradicting data.

Finally, it should be noted that locations marked in the database concern the sites
where the incidents took place, even when a victim died on route to or at another
location.

3. Results and discussion

A total of 233 fatalities related to Hurricane Sandy were identified occurring in eight
countries including Cuba (11), Jamaica (two), Haiti (54), the USA (159), Canada (two),
Bahamas (two), Puerto Rico (one) and the Dominican Republic (two). Deaths occurred in
various locations along the path of the hurricane, spanning from 24 of October 2012 to
28 November 2012 (Figure 2), long after the storm subsided, as victims passed away
after long hospitalization or were fatally injured during clean-up operations.

The majority of fatal incidents (67.3 percent of total) were recorded in nine states of
the eastern US, with New York (71), New Jersey (43) and Pennsylvania (15) suffering the
largest number of casualties. A large portion of incidents occurred near the coast as it
was found that approximately half of the fatalities were recorded within < 2 km from
the coastline (Figure 2c).
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Figure 2.

(a) Map presenting
the spatial
distribution of deaths
caused by Hurricane
Sandy during
October and
November 2012, with;
(b) a detailed
overview of their
location around

the urban areas of
New York and;

(c) the distribution
of the victims
against their
distance

from the coastline
and the track of

the hurricane
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The temporal distribution analysis of fatal incidents (for 181 deaths for which the date
was possible to determine) showed that the majority of fatalities occurred between the
24 and 31 October (Figure 2d) and after that their numbers gradually reduced. The two
peaks in the graph represent the dates when Hurricane Sandy made landfall to
Caribbean (24 and 25 October) and the USA (29 October), respectively. Direct fatalities,
attributed to the forces of the hurricane, appear to occur mostly on the days that the
hurricane hit land. On the contrary, indirect deaths increase in percentage in the days
following landfall.

Among the victims, males accounted for 122 deaths (52.4 percent of total fatalities),
whereas females recorded 65 cases (27.9 percent of total), indicating a male/female ratio
of 1.87:1. In 46 occasions (19.7 percent of total) the gender was not reported (Figure 3).
Comparison of the victim's gender ratio with the weighted average ratio of the
population of the eight countries, which equals 0.97:1 (Central Intelligence Agency,
2014), shows that males are overrepresented among the victims. The ratio of male to
female victims in the USA and Canada was found to be 2:1, whereas the same ratio for
the rest of countries was calculated at 1.4:1, indicating a higher mortality rate for
women in the Caribbean, but still smaller than the 1.02:1 recorded in Hurricane Katrina
(Jonkman et al., 2009).

Examination of the age distribution of the victims showed an increase of fatalities
with age (Figure 3). The average age of victims in all eight countries, based on 185
individuals, was calculated at 54.1 years old, considerably smaller than that of
Hurricane Katrina (69.0) (Brunkhard et al., 2008). However, a noteworthy difference was
identified in the average victim age between the countries of the Caribbean (32.8 years
old) and of the North America (59.2 years old).

In general, mortality showed an increase with age (Figure 3a), especially in the USA
and Canada (Figure 3b), although this trend was not recorded in the Caribbean
(Figure 3c). The overall trend is acknowledged in the literature (Rappaport, 2000) and is
attributed to an increased vulnerability with age to the various hazards of a storm,
including lack of physical power, will and ability to flee a hazardous situation.
Increased mortality in young ages has been recorded in previous works (Mooney, 1983)
as a result of various social parameters that can lead to increased vulnerability of
youngsters (Alderman et al., 2012).
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Notes: (a) All countries; (b) continental North America (USA and Canada);
(c) the Caribbean (Bahamas, Haiti, Cuba, Dominican Republic, Jamaica, Puerto Rico)
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Figure 3.
Distribution of
Hurricane Sandy
victims in relation
with their age
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Table II.
Distribution of
fatalities with
respect to their
activity and
cause of death

Regarding the activity of the victims at the time of the incident, we found that
individuals that passed away indoors presented the highest percentage (41.6 percent),
followed by individuals involved in the clean-up operations, pedestrian victims,
individuals using a vehicle and others (Table II). Information on the activity of the
victims was available for 165 cases (70.3 percent of the total). Deaths inside buildings
present a higher percentage in comparison with Hurricanes Katrina and Rita (Jonkman
et al., 2009), where approximately one-third of the fatalities occurred indoors. On the
contrary, vehiclerelated fatalities present in this case unusually low percentage in
comparison with the literature findings (French et al., 1983; Bern et al.,, 1993; Staes ef al.,
1994; Rappaport, 2000; Ashley and Ashley, 2008b). Indoor fatalities are characterized
by victims of average age of 60.7 years old, whereas outdoor deaths record an average
of 47.1 years old. One explanation, although there is no evidence for or against it, is a
difficulty or an unwillingness of older people to evacuate, recorded also in the literature
(Ahern et al., 2005; Brunkhard ef al., 2008). Furthermore, it was found that Caribbean
countries present more outdoor fatalities, showing a 1:1.2 ratio of indoor to outdoor
deaths. On the contrary, in the USA and Canada the majority of Sandy fatalities were
recorded indoors at a ratio of 1:0.8 (indoor to outdoor deaths). Although there is no
specific evidence, this disparity is possibly attributed to a higher percentage of people
staying indoors during the disaster in the USA. This in turn is possibly ascribed to the
way individuals in different countries appreciate risk, the different time of the day that
hurricane made landfall and differences in the instructions issued by the respective
emergency management authorities in each country. For instance, people could be more
inclined to stay indoors during the storm, if they were instructed to do so by local
authorities or if they believed that they would be safer than outdoors.

Regarding the decedents involved in clean-up activities, 12 out of 20 were cleaning
streets or their own property, five were trimming trees and three were shoveling snow.
Ten individuals were hit by a tree or a branch during this process, two were
inadvertently self-injured using heavy tools, two were involved in a vehicle accident,
one person had an asthma crisis and two were involved in other accidents. All three
individuals who died during shoveling suffered a heart attack.

Regarding their cause of death, physical trauma presented the highest percentage,
followed by drowning, poisoning (mainly from carbon monoxide), hypothermia, heart
attack, asphyxiation, electrocution and burns in smaller percentages (Table II). In 19.7
percent of cases the cause of death was not reported. This study is in agreement with

Activity No. of cases % Cause of death No. of cases %
Stayed indoors 97 41.6 Physical trauma 87 37.3
Involved in clean-up 20 8.7 Drowning 51 219
Using a vehicle 16 6.0 Poisoning 15 6.4
Walking 14 6.9 Hypothermia 10 43
Evacuating a location 6 2.6 Heart attack 7 30
Attempting a repair 5 21 Asphyxiation 6 26
Doing sports 4 17 Electrocution 6 2.6
Being on a boat 2 0.9 Burns 5 2.2
Attempting a rescue 1 04 Not reported 46 19.7
Not reported 68 29.1

Total 233 100.0 Total 233 100.0
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the literature findings (Rappaport, 2013) suggesting that drowning deaths account for
about a quarter of the total. However, the percentage of waterrelated incidents
appear much smaller than in previous disasters (Rappaport, 2013). Comparison
between the Caribbean and continental North America showed a difference in the
primary cause of death. While in the Caribbean countries drowning and physical
trauma recorded percentages of 57.1 and 28.6 percent of local fatalities, in the
continental North America they showed values of 24 and 45.2 percent, respectively. In
addition, while in continental North America cases of burns, electrocutions, heart
attacks, hypothermia and carbon monoxide poisoning accounted for 28.8 percent of
fatalities, these causes of death in the Caribbean show a substantially smaller
percentage (3.6 percent).

Regarding the circumstances or the phenomenon that led to the fatal incident, 106
deaths were directly attributable to the storm’s forces, whereas 87 were found to be
connected to the storm indirectly. Among direct deaths, incidents related to storm
surge presented the highest percentage (17.2 percent), followed by tree falls caused by
the wind, freshwater flooding, building collapses, rough seas and others (Table III).
High percentages of tree falls indicate that a considerable portion of deaths occurred as
a result of excessive wind, recorded also in previous cases (Ashley and Ashley, 2008b;
Schmidlin, 2009). Offshore deaths are still present although in significantly reduced
number compared to previous decades as suggested by Rappaport (2000).

Among indirect deaths, the study indicates that a large number of incidents were
related to power outages (19.7 percent of total), followed by car crashes, medical
conditions (e.g. heart attacks), tree or limb falls caused during clean-up, contact with
power lines and other accidents (Table III). Other accidents include individuals who
passed away due to misuse of heavy equipment during or after the storm.

Based on this analysis, it is evident that certain circumstances are recording
surprisingly high number of deaths such as tree or limb falls and accidents during
clean-up, which recorded 32 and 20 fatalities, respectively. In total, 46 fatalities were
attributed to power outages, including individuals who first, were poisoned by carbon
monoxide due to indoor use of a power generator; second, fell in the dark; third,
experienced a prolonged exposure to low temperatures due to lack of working heating
equipment; fourth, died due to fires created by candles; fifth, died due to failure of their
respiration assisting equipment; and finally, individuals who lost their lives in a traffic
accident due to not working traffic lights (Table IV). Similar incidents have been
reported in the literature (Philen et al., 1992).

Direct fatalities Indirect fatalities

Cause No. of cases % Cause No. of cases %
Seawater surge 40 17.2 Power failure related 46 19.7
Tree/limb fall 24 10.3 Car accident 15 6.4
Freshwater flooding 18 7.7 Tree/limb fall 8 34
Building collapse 12 51 Heart attack 7 3.0
Rough seas 4 1.7 Contact with power lines 5 2.1
Landslide 3 13 Other accidents 5 2.1
Wind gust 3 1.3 Suicide 1 0.5
Air-borne debris 2 09

Total 106 455 Total 87 373
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Table III.
Distribution of
deaths caused by
Hurricane Sandy
with respect to the
cause of fatal
incidents




Downloaded by UNIVERSITY OF ATHENS At 06:34 18 January 2015 (PT)

DPM
241

142

Table IV.
Distribution of
power failure-related
deaths caused by
Hurricane Sandy

Examining interconnectedness between the activity, the cause of death and the cause of
incident, we found that outdoor cases recorded higher percentages of fatalities caused
by physical trauma (57.4 percent), heart attacks (8.8 percent) and electrocution (10.3
percent), than indoor incidents, where drowning, gas poisoning, hypothermia and
asphyxiation deaths were more abundant (Figure 4a).

The most common cause of death among direct fatalities was drowning (47.2
percent), followed by physical trauma (36.8 percent) and other types in much lower
percentages (Figure 4b). In the case of indirect deaths, physical trauma was the most
common cause of death (46 percent) followed by poisoning (17.2 percent), hypothermia,
heart attacks, electrocution and burns (Figure 4b). Drowning presented particularly
small percentage (1.1 percent) among indirect fatalities.

In general, direct fatalities record a higher ratio of indoor to outdoor cases than
indirect (Figure 4c). More specifically, in the case of direct deaths, the most common
activity was staying indoors (50 percent of cases), followed by walking (10.4 percent)
and using a vehicle (5.7 percent). Among indirect deaths, staying indoors recorded also
the highest percentage (49.4 percent of cases), followed by individuals engaged in clean-
up activities (20.7 percent), vehicle-related incidents (11.5 percent) and others.

Cause No. of cases %

Gas poisoning from the use of power generators 14 6.0
Falls in the dark 13 56
Prolonged exposure to low temperatures 10 4.3
Firerelated incidents 5 2.1
Failure of respiration assisting equipment 3 13
Traffic light-related incidents 1 04
Total 46 19.7

Figure 4.
Differences in
distribution of
causes of death
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Notes: (a) Between indoor and outdoor environments; (b,c) direct and indirect fatalities
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4. Conclusions

This work provides an overview of fatalities caused by Hurricane Sandy in North
America and the Caribbean during October and November 2012, analyzing the
conditions under which fatalities occur.

The study identified 233 deaths most of which occurred mostly in coastal areas,
< 2km from the seashore, clustering mostly around the USA, New York and New
Jersey and in various locations in Haiti. Males and elderly people showed higher
percentages among the victims, although differences were recorded in victims’
demographics, as in the Caribbean youngsters and females showed higher mortality
rates. Male to female ratio among the victims was calculated at 1.87:1, significantly
higher than in the case of Hurricane Katrina (1.02:1). Mortality rate was found to
increase with age, a trend identified also in previous disasters (e.g. Hurricanes Katrina
and Rita). The average age of the victims was calculated at 54.1 years old, considerably
smaller than that of Hurrricane Katrina, with the Caribbean region recording a
significantly smaller average. Regarding the activity of the victims at the time of the
incident, indoor deaths showed the highest percentage, followed by individuals
involved in the clean-up operations, pedestrian victims, vehicle-related incidents
and individuals involved in other outdoor activities. Indoor fatalities occurred in a
higher proportion in continental North America and among older victims and recorded
a higher percentage in comparison to Hurricanes Katrina and Rita, where
approximately one-third of the fatalities occurred indoors. Vehicle-related fatalities
recorded unusually low percentage in comparison with the literature findings. Physical
trauma presented the highest percentage among different causes of death, followed
by drowning, poisoning (mainly from carbon monoxide), hypothermia, heart attack,
asphyxiation, electrocution and burns in smaller percentages. However, locally in the
Caribbean, drowning was the primary cause of death accounting for over half of
fatalities. Although this study’s results are in agreement with the literature findings
about the percentage of drowning deaths, the percentage of water-related incidents in
total appear much smaller than in previous disasters. Offshore deaths are present, but
in significantly reduced numbers compared to previous decades.

Overall, this work is a contribution to the body of knowledge regarding mortality
caused by tropical cyclones. Its findings, together with the ones of similar studies
cited, can provide useful insights for civil protection professionals. The study stresses
once more the diversity of unsafe conditions and the complexity of events and
mechanisms that can lead to risk for human life. Examination of mortality shows that
risk is increased not only during, but also for a period after landfall. Although the
majority of deaths were directly connected with the hurricane forces (i.e. storm surge,
flooding, excessive winds), the study shows that indirect fatalities associated with
power failure, vehicle accidents and clean-up efforts, can reach comparable numbers.

This indicates that our society should take the risk of indirect deaths under careful
consideration during prevention planning. Loss or disruption of usual services like
electricity can result to harmful conditions. Civil protection authorities should enhance
public education on hurricane protection by emphasizing the risks of power failure
leading to carbon monoxide poisoning, falls in the dark, failure of respiratory
equipment, lack of heating. Additionally, authorities should inform citizens about the
hazards involved in clean-up operations. Research should continue to gather detailed
information on how fatalities occur during tropical cyclones and develop systematic
records that will highlight harmful circumstances and will have the potential to
evaluate the impact of decisions or interventions made by civil protection professionals.
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Continuous monitoring and comparison with historical disaster deaths is important to
identify trends and new emerging hazards. Civil protection and emergency
management organizations should focus their efforts in preventing the most
common causes of fatal incidents. For instance, storm surge risk mitigation can
benefit from an improved delineation of the areas under risk and an enhanced and clear
communication to educate and warn the population within these areas.

Furthermore, results indicate a partly different impact of the disaster on different
societies. Disparities were identified between the North American and the Caribbean
countries, in the average age of the victims, their age distribution, their gender, in their
activity at the time of the incident and the cause of death. Although more research is
needed to examine the reasons behind these differences, collection of information from
similar multinational catastrophes can provide a better understanding on the reasons
behind these differences and has the potential to illustrate particular social
characteristics that increase vulnerability of specific population groups.
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