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Definition
Information collected on fatalities including
civilian and firefighters during wildfire and

Wildland-Urban Interface (WUI) fire. This
information is used to better understand the
context surrounding fatalities and to support
emergency management policies.

Introduction
Understanding the detailed physical and social
context surrounding wildfire and WUI fire fatalities is crucial in terms of ensuring effective emergency management policy and practice. Studies of fatalities over prolonged periods ensure
changing trends in vulnerabilities and exposure
are identified (e.g., Haynes et al. 2010; MolinaTerrén et al. 2019). There have been a number of catastrophic fires leading to high numbers of fatalities in recent years, including the
2009 Victorian bushfires in Australia, with 173
fatalities (Teague et al. 2010); the 2017 Portugal forest fires, with 66 fatalities in Pedrógão
Grande (Viegas et al. 2017; Molina-Terrén et al.
2019) and 51 fatalities in the Central Region
(Viegas et al. 2019); the 2018 Camp Fire in
California, with 85 fatalities (Cal Fire 2019); and
the 2018 Mati forest fire in Greece, with 102
fatalities (Xanthopoulos and Athanasiou 2019).
However, detailed studies of wildfire fatalities are
not common and remain country specific. In this
contribution, the authors use the word bushfire in
Australia, wildfire in the United States, and forest
fire in Europe.
A number of studies have been conducted
on fatalities resulting from bushfires in Aus-
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tralia (Blanchi et al. 2014; Cheney et al. 2001;
Haynes et al. 2010; Krusel and Petris 1999). Two
detailed studies have explored civilian fatalities
longitudinally, the first investigated the activities
and decision-making carried out at the time of
death of those killed in bushfires between 1901
and 2008 (Haynes et al. 2010). The research
emphasized the dangers of being caught outside
and revealed a distinct gender bias in behavior. The second study explored the spatial and
environmental circumstances of bushfire fatalities, determining the exact locations the fatalities
occurred, their distance from the forest, and the
fire conditions at the time of death (Blanchi et al.
2014).
In Europe a recent analysis of forest fire and
WUI fire fatalities was carried out in Spain,
Portugal, Greece, and Sardinia, where an increase
of fatalities has occurred since the late 1970s
(Molina-Terrén et al. 2019). Research exploring
fatalities in Greece between 1977 and 2013 identified that approximately 75% of those killed in
forest fire and WUI fire were civilians. The trends
seen in the data were similar to the Australian
studies, with a high proportion of male fatalities
killed while engaged in firefighting or late evacuation on foot or in a vehicle (Diakakis et al.
2016). The 2017 fires in Portugal involved mostly
civilian victims, including entire families, with
a high proportion engaged in late evacuation by
vehicle (Viegas et al. 2019).
In the United States (US), data tracking
wildland firefighter fatalities have been collected
since the early twentieth century and periodically
analyzed to inform programs and policies
intended to increase firefighter safety and
minimize injuries and fatalities (e.g., NWCG
1997, 2017; Mangan 2007). While historically
the focus has been on firefighter fatalities, there
is growing concern about increasingly prevalent
high-loss events, including recent WUI fires in
California and elsewhere that claimed the lives of
dozens of civilians (Cal Fire 2019; Calkin et al.
2019).
Research on firefighter safety has also been
conducted following a number of incidents where
firefighters perished during wildfire entrapment
or burnovers (Cheney et al. 2001; Page and Butler
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2018; Viegas et al. 2013; Xanthopoulos et al.
2009). The aim was to investigate the factors
that led to the incident and to develop improved
protective measures and training for firefighters.
This contribution presents a summary of
wildfire- and WUI fire-related civilian and
firefighter fatalities from Australia, the United
States, and Europe.

Australian Fatalities
In this section the term bushfire includes the
fires that have also affected the WUI (WUI fires)
as the data presented did not make the distinction between bushfire and WUI fire. No centralized data collection system for bushfire fatalities
exists in Australia. Information on civilian and
firefighter deaths was sourced from the Attorney Generals Department (AGD) bushfire life
loss dataset (Blanchi et al. 2012). This dataset
was developed by collating previous datasets and
adding further information on bushfire related
fatalities between 1901 and 2011 from reports
in the print media and coronial inquest archives
(Haynes et al. 2010; Blanchi et al. 2012, 2014).
Recent fatalities from 2012 to 2017 have been
added to update the data (from fire services and
media sources). There is no distinction between
bushfire and WUI fire in the data collected.
Distribution
The data presented covers fatalities between 1901
and 2017, with an average rate of 7.3 civilian
deaths per year. There are a total of 846 fatalities, including 748 civilians and 99 firefighters.
The number of fatalities and the trends seen in
the data are dominated by a handful of iconic
catastrophic events (Fig. 1), including bushfires
in 1926 (Black Sunday), 1939 (Black Friday),
1967 (Hobart), 1983 (Ash Wednesday), and 2009
(Black Saturday). These events are strongly influenced by fire weather severity (Blanchi et al.
2010).
The deadliest bushfire in Australian history
was the 2009 Black Saturday bushfires complex.
On February 7 several bushfires burned under
extreme weather conditions in the State of Vic-
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Wildfires and WUI Fire Fatalities, Fig. 1 Distribution of civilian and firefighter fatalities between 1900 and 2017

toria. The fires caused 173 deaths and injured Wildfires
and
WUI State – Firefighters and
over 100 people; more than 2000 houses were Fire Fatalities, Table 1 Civilians (between 1900
Number of fatalities by and 2017)
destroyed (Teague et al. 2010). A large proporFirefighter Civilian
Total
tion, 113 people, died inside a property while State
ACT
5
5 (1%)
sheltering from the fire. At the time of death, 29%
41
101
141 (17%)
of people were sheltering, 24% were defending NSW
NT
2
3
5 (1%)
and sheltering, 15% were defending, and 20%
QLD
2
24
26
(3%)
were evacuating late (Blanchi et al. 2012).
SA

Number of Fatalities per State 1900–2017
South Eastern Australia, including the State of
Victoria and New South Wales, have experienced
the largest number of losses (Table 1). The number of fatalities varies in each state depending
on the States unique weather conditions, policies,
building stock, population distribution, and vegetation characteristics.
Demographics
There has been an increase in female fatalities
in recent years, with the proportion of females
dying in recent fires significantly greater than the
proportion in earlier fires (Fig. 2). The 2009
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4

26

99

748
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846 (1000%)

Black Saturday bushfire marks a change in
fatalities from previous fires where most deaths
occurred outside while defending and protecting
asset (Haynes et al. 2010; Whittaker et al. 2017).
Slightly more females died as a result of the fire
compared to previous fires, with 58% male and
42% female. The age profile was similar to other
fires (see Table 2).
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Wildfires and WUI Fire Fatalities, Fig. 2 Number of fatalities by gender between the period 1901–1964 and the period
1965–2017 (distinction between civilian and firefighters)
Wildfires and WUI Fire Fatalities, Table 2 Age and gender for the three time periods (all fatalities – civilians,
firefighters, and non-directly related fatalities). (From Blanchi et al. 2012)
1901–1964

1965–2011

1901–2011 (total)

Total number killed

343

482

825

173

Male

272 (79%)

300 (62.3%)

572 (69.3%)

101 (58%)
72 (42%)

Female

51 (14.9%)

173 (35.8%)

224 (27.2%)

Unknown

20 (5.8%)

9 (1.9%)

29 (3.5%)

Black Saturday fires

Age
0–9

32 (9.4%)

29 (6%)

61 (7.4%)

13 (8%)

10–19

31 (9.1%)

36 (7.5%)

67 (8.1%)

14 (8%)

20–29

33 (9.6%)

50 (10.4%)

83 (10.1%)

13 (8%)

30–39

29 (8.5%)

54 (11.2%)

83 (10.1%)

21 (12%)

40–49

34 (9.9%)

54 (11.2%)

88 (10.7%)

23 (13%)

50–59

24 (7.0%)

74 (15.3%)

98 (11.9%)

38 (22%)

60–69

27 (7.9%)

68 (14.1%)

95 (11.5%)

24 (14%)

70–79

20 (5.8%)

34 (7.0%)

54 (6.5%)

9 (5%)

6 (1.8%)

31 (6.4%)

37 (4.5%)

18 (10%)

107 (31%)

52 (11%)

159 (19.3%)

80 and above
Unknown

Locations and Activities at the Time
of Death
Information on the locations of fatalities, activities at the time of death, and weather conditions
were also collated and analyzed by Haynes et al.
(2010) and Blanchi et al. (2012). An overview is
provided below and concerns fatalities from 1901

to 2011. The authors used a separation of the
data to distinguish between the first and second
half of the last century, providing an opportunity
to compare demographic context, social behavior, and the prevalence of technologies (Blanchi
et al. 2012).
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Wildfires and WUI Fire Fatalities, Table 3 The location of fatalities over the three time periods. (From Blanchi et al.
2012)
Civilian
Inside structure
Inside vehicle
Open air
Unknown

1901–1964

1965–2011

1901–2011 (total)

21 (7.1%)

167 (44.4%)

188 (27.9%)

11 (3.7%)

45 (12.0%)

56 (8.3%)

232 (77.8%)

158 (42.0%)

390 (57.8%)

34 (11.4%)

6 (1.6%)

40 (5.9%)

298 (100%)

376 (100%)

674 (100%)

Inside structure

None recorded

None recorded

None recorded

Inside vehicle

None recorded

28 (51.9%)

28 (41.8%)

Open air

13 (100%)

25 (46.3%)

38 (56.7%)

Unknown

None recorded

1 (1.6%)

1 (1.5%)

Total

13 (100%)

54 (100%)

67 (100%)

Total
Firefighters

The location of death was coded into four
categories including inside structure, inside vehicle, open air, and unknown (Table 3). Table 3
shows that while most fatalities occurred outside
in earlier fires, a greater proportion of fatalities
occurred inside a structure or vehicle in recent
fires.
Table 4 presents the activities of civilians prior
to death. The majority of fatalities over the whole
time period have occurred during late evacuation (30.4%), followed by sheltering inside a
structure (24.8%), and defending a property outside (22.4%). This corroborates previous findings
highlighting the danger of late evacuation (Krusel
and Petris 1999; McArthur and Cheney 1967;
McLennan et al. 2013; Whittaker et al. 2013).
The main activities for the first half of the last
century are late evacuation and defending a property outside which correlates well with the dominant location at the time of death for this time
period (open air, see Table 3). In comparison, the
most common activity over the more recent time
period is sheltering inside (40.2%).

North American Fatalities
As in Australia, there is no single system of
record for wildfire and WUI fire-related deaths
in the United States, not even for wildland
firefighter (WFF) fatalities. Data on US WFF
fatalities are captured in several different systems

of record (Table 5). Fatality data archived by
the National Interagency Fire Center (NIFC)
extend back to 1910, when there were at least
84 WFF fatalities from burnover/entrapment,
including 78 deaths in a 1.2 million ha western
wildfire episode known as the Big Blowup (Pyne
1982; NIFC 2019). The current NIFC archive
is an updated, although less detailed, version
of the National Wildfire Coordinating Group’s
historical wildland firefighter fatality dataset
(NWCG 1997). Since 1987, those data have
been sourced from the NWCG Safety Grams
(NWCG SG), which track only line-of-duty
deaths (LODD, i.e., during wildland fire response
or work-capacity testing). Two other systems,
the National Fire Protection Association Fire
Incident Data Organization (NFPA FIDO) and
the US Fire Administration Firefighter Fatality
Incident Database (USFA FFID), currently track
all on-duty WFF fatalities, including all LODD
but also deaths occurring during other nonemergency work activities. Also included in the
USFA FFID and increasingly accounted for in
other systems are WFF fatalities that occur as the
result of a heart attack or stroke within 24 h of
arduous work-related activity.
Butler et al. (2017) compiled WFF fatality
data for 2001–2012 from all of the sources listed
in Table 5, except for the Incident Command
System (ICS) 209 archive. An ostensibly complete accounting of all on-duty WFF fatalities
for that period could only be obtained by com-
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Wildfires and WUI Fire Fatalities, Table 4 Activities at the time of death for civilian fatalities. (From Blanchi et al.
2012)
1901–1964
Late evacuation

1965–2011

111 (37.2%)

1901–2011 (total)

93 (24.8%)

204 (30.4%)

Defending property outside

90 (30.2%)

61 (16.3%)

151 (22.4%)

Inside property

18 (6.0%)

152 (40.2%)

168 (24.8%)

Travelling through the area unaware

22 (7.4%)

44 (11.8%)

66 (9.8%)

Waiting rescue

1 (0.3%)

6 (1.6%)

7 (1%)

Assisting firefighting operations

6 (2%)

2 (0.5%)

8 (1.2%)

Returned into burning building

2 (0.7%)

6 (1.6%)

8 (1.2%)

In an undefendable shelter (dugout, shed)

8 (2.7%)

3 (0.8%)

11 (1.6%)

42 (14.1%)

9 (0.8%)

51 (7.6%)

298 (100%)

376 (100%)

674 (100%)

Activity unknown at time of fatality
Total

Wildfires and WUI Fire Fatalities, Table 5 Sources of wildfire related fatality data for the US and scope of relevant
information content
Source

Scope

Bureau of Labor Statistics Census of Fatal Occupational
injuries (BLS CFOI)

All fatalities due to work-related injury. Does not account
for medical/illness-related deaths

Incident command system incident status summary, form
209 (ICS 209)

Responder and civilian fatality estimates made during
active incidents, including large or otherwise significant
wildfires

National Fire Protection Association Fire Incident Data
Organization (NFPA FIDO)

All on-duty firefighter fatalities

National Institute for Occupational Safety and Health Fire Subset of on-duty firefighter fatalities selected for
Fighter Fatality Investigation and Prevention Program
thorough investigation
(NIOSH FFFIPP)
National Wildfire Coordinating Group Safety Grams
(NWCG SG)

Line-of-duty WFF fatalities

US Fire Administration Firefighter Fatality Incident
Database (USFA FFID)

All on-dutya firefighter fatalities

a
Broadens the “on-duty” criterion to include fatalities that occur as the result of a heart attack or stroke within 24 h of
arduous work-related activity

bining information from the NWCG SG, NFPA
FIDO, and USFA FFID reporting systems. In
doing so, Butler et al. (2017) identified 247 WFF
fatalities over the 12-year period, or an average
of 20.6/year. The USFA, NWCG, and NFPA
captured 223, 210, and 207 of those incidents,
respectively (Butler et al. 2017). Counts from
each of the three systems typically differed by
1–2 fatalities per year (Butler et al. 2017). However, fatality distributions by age, gender, cause,
and type of worker were very similar across
systems (Butler et al. 2017).
There is no single source of data on civilian fatalities attributable to wildland fires in the

United States. Since 2014, the ICS 209 archive
(FAMWEB 2019) has included estimates of civilian wildfire and WUI fire fatalities made during
active incidents, but it is far from a complete
record.
Distribution
Although the NIFC (2019) are purported to
account just for LODD, the number of years
in that archive is the greatest of the various
sources of WFF fatality data. After adding in the
latest year’s NWCG SG fatality estimate (NWCG
2018) and aligning estimates for 1990–2006 with
those published by Mangan (2007), there are a
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Wildfires and WUI Fire Fatalities, Fig. 3 Wildland firefighter fatalities (line-of-duty deaths) in the US, 1910–
2018 (NWCG 1997, 2018; Mangan 2007; NIFC 2019).

Fires with 12 or more deaths (due to burnover/entrapment)
are listed with fatality numbers in parentheses

total of 1154 WFF LODD reported over the 109year period 1910–2018 (Fig. 3). Of those, 1136
had specific locality (state) information reported,
with 76% LODD occurring in the 14 western and
south central states of the conterminous United
States and over 30% in California alone (Fig. 4).
The second largest number of LODD occurred in
Idaho, which was the location associated with the
78 WFF fatalities from the Big Blowup of 1910
(Figs. 3 and 4). Since the Big Blowup, there have
been 7 other US wildfires that killed 12 or more
WFF, all due to entrapment/burnover (Fig. 3).
The most recent was the 2013 Yarnell Hill Fire
that claimed the lives of 19 WFF.
The ICS 209 archive includes reports of 57
wildland fires during the period 2014–2018 with
civilian casualties. Of those 57 fires, 41 (72%)
were reported as single-fatality events. Thirteen
(81%) of the 16 multi-fatality fires occurred in
California. While a complete accounting of all

civilian casualties attributable to wildfires and
WUI fires over even the most recent decade is
not available, Thomas and Butry (2012) estimated that for the period 2002–2006, wildland
fires within municipal jurisdictions resulted in 15
civilian fatalities and 88 civilian injuries per year.
The highest civilian casualty fire in that dataset
is the Camp Fire of 2018, which burned through
the town of Paradise, California, killing 85 people (Cal Fire 2019). The 2018 Camp Fire also
tops California’s list of deadliest fires on record,
considering WFF and civilian fatalities combined
(Cal Fire 2019, Table 6). Multi-fatality incidents
in California and elsewhere in the United States
are generally the result of fires that spread rapidly
into WUI or otherwise developed areas under
extreme (i.e., windy and dry) burning conditions
that defy most suppression efforts (Keeley et al.
2004; Tedim et al. 2018; Nauslar et al. 2018).
The wind-driven Camp fire grew to 40,000 ha
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Wildfires and WUI Fire Fatalities, Fig. 4 Reported
number of wildland firefighter fatalities (line-of-duty
deaths, LODD) in the conterminous United States, by
state, 1910–2018 (NIFC 2019; NWCG 2018). In addition,

there were 18, 2, and 1 LODD in Alaska, Hawaii, and
Puerto Rico, respectively, plus 8 LODD with the statelevel locality unreported during this 109-year period

Wildfires and WUI Fire Fatalities, Table 6 Top 10
deadliest California wildfires and WUI fires (Cal
Fire 2019). “Structures” include homes, outbuildings,

and commercial properties destroyed. Fatality estimates
include wildland firefighters and civilians

Fire name

Date

County

Hectares

Structures

Fatalities
85

Camp

November 2018

Butte

62,053

18,804

Griffith Park

October 1933

Los Angeles

19

0

29

Tunnel/Oakland Hills

October 1991

Alameda

647

2900

25

Tubbs

October 2017

Napa, Sonoma

14,895

5643

22

Cedar

October 2003

San Diego

110,579

2820

15

Rattlesnake

July 1953

Glenn

542

0

15

Loop

November 1966

Los Angeles

821

0

12

Inaja

November 1956

San Diego

17,767

0

11

Hauser creek

October 1943

San Diego

5320

0

11

Iron & alps complex

August 2008

Trinity

42,838

10

10

in its first 2 days, engulfing the forested town of
Paradise (Inciweb 2018), destroying 80% of the
town’s buildings and trapping people in vehicles
as they tried to evacuate with limited points of
egress from the ridgetop community (Folkman
2018; St. John and Phillips 2018).

Causes
Aviation or vehicle use, medical events, and
entrapment/burnover account for the majority
(89%) of the WFF fatalities in the historical
archive, 1910–2018 (NWCG 1997, 2018;
Mangan 2007; NIFC 2019) and in the most recent
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20
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21

23

24

1990-1998

1999-2006

2007-2016

0

Period
Wildfires and WUI Fire Fatalities, Fig. 5 Wildland firefighter fatalities by cause of death in the United States, 1990–
2016 (NWCG 2017)

period of published analysis 2007–2016 (NWCG
2017). Using the broader on-duty WFF fatality
criteria and data compiled from the NWCG
SG, NFPA FIDO, and NIOSH FFFIPP, NWCG
(2017) found that heart attacks were the most
common cause of WFF fatalities between 2007
and 2016 (Fig. 5). The apparent uptick in heart
attacks in 2007–2016 as compared to previous
decades (Fig. 5) is due to a change in reporting
criteria to capture all on-duty deaths, including
fatalities that occur as the result of a heart attack
or stroke within 24 h of arduous work-related
activity. During the period 2007–2016, 22% of
heart attack deaths among WFFs occurred after
returning from the wildland fire incident.
During the period 2007–2016, heart attacks
were the most common cause of fatalities among
volunteer firefighters, WFF from the state fire
service, and ground contractors, while vehicle
accidents were the most common cause of death
among federal WFFs (NWCG 2017). Most
vehicle accidents were single-fatality events that
involved rollovers or WFFs struck by vehicles
(NWCG 2017).

Demographics
During the period 1990–2016, there were more
fatalities among volunteer WFFs than any other
class of WFF (Fig. 6, NWCG 2017). There was
an increase in city/county/rural WFF deaths during the period 2007–2016 as compared to previous decades largely due to a burnover/entrapment
event on the 2013 Yarnell Hill wildfire that killed
19 WFF from a municipal (city) fire crew.
In their analysis of WFF fatality data from
several systems of record for 2001–2012, Butler
et al. (2017) found that most (94%) of WFF
deaths occurred among males and 55–56%
occurred in the >40- year age classes.

W
South European Fatalities
The systematic gathering of data regarding forest
fire and WUI fire fatalities is not a common
practice in Europe, and no official databases on
civilian or firefighter’s fatalities exist. MolinaTerrén et al. (2019) recently performed a detailed
analysis of historical forest fire-related fatal
incidents in Southern Europe, namely, Portugal,

10

Wildfires and WUI Fire Fatalities
100
90

1
1
4
5

80

15

1
3

3

11
22
13

70

10

Percentage

17

14

Military

60
17
50

21
8

26

Private

40

City/county/rural
Ground contractor
State

18

30

Aviation contractor
Federal

20
31

37

Volunteer
22

10
0
1990-1998

1999-2006

2007-2016

Period
Wildfires and WUI Fire Fatalities, Fig. 6 Wildland firefighter fatalities in the United States, by organization, 1990–
2016 (NWCG 2017)

Spain, Greece, and the Italian Island of Sardinia,
proposing what could be the basis for an official
database covering European Union countries.
The 2019 study did not include the most recent
and most devastating forest fire episodes in
Europe: the fires of 2017 in Portugal and 2018
in Greece with more than 200 fatalities. The
authors summarize here the previous analysis of
Southern Europe and present an overview of the
fires in Portugal and in Greece.
Southern Europe Forest Fire and WUI Fire
Fatalities
The full dataset used in Molina-Terrén et al.
(2019) refers to different periods due to the
absence of records or of incidents: 1977–2016
in Greece, 1945–2016 in Sardinia (Italy), 1979–
2016 in Spain, and 1963–2016 in Portugal. The
dataset contains a total of 865 deaths. The data
used by the authors was collected from different
sources, namely, national databases, where they
existed (e.g., Spain), media (e.g., newspapers,
TV), fieldwork (e.g., Portugal), and official or
unofficial accidents reports. Figure 7 shows the
distribution of fatalities per year and country.

Since the late 1970s, there has been at least
one fatality a year, contrary to the beginning of
the analyzed period, where fatalities were less
frequent, either because there were no accidents
or because they were not recorded systematically.
There is no obvious pattern in the distribution
of fatalities per country or year and, in many
cases, particular episodes contribute to the majority of the fatalities in the region. Molina-Terrén
et al. (2019) list a series of events with more than
20 fatalities:
– 2018, Mati (Greece, 102 fatalities)
– 2017, Central Region (Portugal, 53 fatalities)
– 2017, Pedrógão Grande (Portugal, 66 fatalities)
– 2007, Makistos–Artemida, Peloponnese
(Greece, 30 fatalities), that fire season 78
fatalities were reported in separate incidents
– 1984, La Gomera, Canary Islands (Spain, 20
fatalities)
– 1979, Lloret de Mar, Girona (Spain, 21 fatalities)
– 1966, Sintra Mountains (Portugal, 25 fatalities)

Wildfires and WUI Fire Fatalities, Fig. 7 Forest fire- and WUI fire-related fatalities in Southern Europe, between 1945 and 2016, year with fires only from 1945 to 1976, then
every year until 1976. (Adapted from Molina-Terrén et al. 2019)
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France was not included in the south European
analysis (Molina-Terrén et al. 2019), as little
detailed data was currently available. The most
devastating forest fire occurred in 1949, in the
Landes region, and killed 82 people, between
firefighters, volunteers, and soldiers. This
remains one of the deadliest singular incidents
in Europe (Deville 2009).
For simplicity, statistics on fatal incidents are
presented here grouped in three periods: 1945–
1975, 1976–2000, and 2000–2016. In Table 7,
the authors present the distribution of the 865
registered deaths per country and per time period.
Greece and Portugal have similar figures overall, and Spain has the highest number of fatalities.
As for Italy, this study only refers to the Sardinia Region, but from (outdated) official reports
(Corpo Forestale dello Stato 2011), the authors
observed 215 fatalities in the period 1978–2011,
which seems to be similar to Portugal and Greece.
In terms of gender (Table 8), male victims
make up five times the number of females in
the entire period. In all countries there is a high
number of civilians killed by forest fire and WUI
fire (366 civilians, representing 42% of the total),
with civilian fatalities outnumbering firefighters
(280 firefighters, representing 32%). There are
other deaths not included in either of the previous

categories, mostly related to military personnel,
or civil protection agents that do not belong to the
firefighter category (219 fatalities, representing
25%).
The number of fatalities in WUI areas can be a
good indicator of the absence of fuel management
practices or rural abandonment. From the cases
in which the previously referred study identified
the environment of the accidents, 22.3% occurred
in WUI areas and 41.3% in the wildland (36.4%
could not be identified). The three recent European forest fire events not included in the MolinaTerrén et al. (2019) study are described below.

The Fires of June and October 2017
in Portugal
The Pedrógão Grande complex of fire events
(Viegas et al. 2017), started on June 17, 2017,
and lasted for almost a week, burning 45,000 ha.
Almost 98% of that area was burnt during the
first 2 days. Between 19 h00 and 22 h00 of
June 17, 8700 ha of shrub, pine, and eucalyptus
were consumed at an impressive rate of approximately 3000 ha per hour. During this period
a firestorm developed when two of the main
fire fronts joined producing several episodes of
extreme fire behavior resulting in fatal accidents
when most of the deceased tried to escape from
the fire. In total 66 people lost their lives, 65
civilians and 1 firefighter. Only four people died
Wildfires and WUI Fire Fatalities, Table 7 Forest fireat home, all of whom had mobility difficulties.
and WUI fire-related deaths per country and time period
On a short stretch of 400 m of road, 30 people
Country
died in a confusion of trapped or crashed cars,
Sardinia
some inside their vehicles, others outside, after
Period
Greece Portugal (IT)
Spain Total
the cars crashed. In total, 31 persons lost their
1945–1975 0
29
12
0
41
lives inside their cars, while trying to escape.
1976–2000 105
81
55
231
472
Overall the victims were aged between 1 and
2001–2016 106
122
9
115
352
88 years old and were almost equally divided
Total

211

232

76

346

865

Wildfires and WUI Fire Fatalities, Table 8 Forest fire- and WUI fire-related deaths per gender and activity
Gender

Activity

Period

Female

Male

N/A

Civilian

Firefighter

Other

1945–1975

0

41

0

5

7

29

Total
41

1976–2000

57

299

116

163

163

146

472

2001–2016

54

218

80

198

110

44

352

Total

111

558

196

366

280

219

865
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Wildfires and WUI Fire Fatalities, Table 9 Victims gender and type of accident in Pedrógão fire complex from
(Viegas et al. 2017)
Type of accident
Gender

Escaping from fire
on foot

In vehicle

Indoors

Female

12

17

2

Male

18

14

2

1

35

Total

30

31

4

1

66

between females and males (Table 9). As Viegas
et al. (2017) point out, the Portuguese Civil Protection warning system failed to inform citizens
of the gravity of the developing fire. Also, the
population were unprepared to reduce their risks
and respond effectively.
This event remains the worst forest firerelated incident in terms of fatalities on record in
Portugal.
On October 15, 2017, and late in the forest fire
season, a series of very large fires burned more
than 200,000 ha through the Central Region of
Portugal. These fires were associated with abnormal severe meteorological conditions for the season due to the passage of Hurricane Ophelia off
the Portuguese Coast, with temperatures above
30 ı C and very strong winds. Viegas et al. (2019)
describe in detail the fires and their impacts
leading to 51 civilian fatalities: the fires of Lousã
(15 fatalities), Oliveira do Hospital (23 fatalities),
Seia (1 fatality), Sertã (2 fatalities), and Vouzela
(10 fatalities). The number of fires that began on
October 15 was above the response capacity of
the Portuguese Civil Protection Agencies, with
more than 500 registered fire events (Viegas et al.
2019).
As in Pedrógão Grande, many of the casualties
occurred while people where running from the
fire, either on foot or in a vehicle (Table 10),
as they did not consider the houses a safe place
to shelter (Viegas et al. 2019). Most of their
houses remained unaffected. However, 17 of the
fatalities occurred within the home, with most of
the deceased sleeping at the time of their death as
the fires reached their homes late at night.
In terms of area burned, the October fire events
broke all records in Portugal, including the earlier
June fires, doubling the average annual burned

Accidental
entrapment

Total
31

area in just 1 day. Multiple episodes of extreme
fire behavior were observed, with intense spotting
carrying the fire long distances (Viegas et al.
2019).
The Fires of July 2018 in Greece
On July 23, 2018 in Northeast Attica, Greece,
a forest fire became the second deadliest worldwide forest fire event this century (Xanthopoulos
and Athanasiou 2019). One hundred two people
were killed and 150 injured. More than 1650
homes burned along with 1431 hectares of agroforestry vegetation and urbanized land. A forest
fire erupted on Mount Penteli at 16:41 in the
northeastern part of the Attica region, 5 km west
of the coast. It quickly picked up speed pushed
by the strong wind from the mountain of Penteli
toward the sea. Initial attack was delayed due to
another fire in the region. The fire spread in light
fuels, and it soon entered the settlement of Neos
Voutzas and then the settlement of Mati, near
the sea.
The area of Mati was characterized by thick
Aleppo pine (Pinus halepensis) vegetation that
surrounded numerous homes. People tried to
evacuate toward the sea; however the high rate of
fire spread and traffic jams that quickly formed
in the narrow streets resulted in numerous fire
entrapments. More than 20 people were trapped
and died on a steep cliff above the sea. Others
managed to find their way into the sea but
suffered from the heat, smoke, and rough sea
conditions. More than ten people drowned, while
others were rescued by boats at a distance of
kilometers from the coast (Xanthopoulos and
Athanasiou 2019).
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Wildfires and WUI Fire Fatalities, Table 10 Victims’ gender and type of accident in the October 15 forest fire from
Viegas et al. (2019)
Type of accident
Gender

Escaping from
fire on foot

In vehicle

Indoors

Car accident
(outside vehicle)

Total

Female

2

3

8

4

17

Male

13

7

9

5

34

Total

14

10

17

9

51

Conclusion
All countries described in this contribution have
experienced recent catastrophic fires leading to
high numbers of fatalities. The numbers of casualties in these fires are record breaking, and
while climate change is a key driver, increasing
development and populations in high fire prone
environments is also an important factor (Moritz
et al. 2014).
Recent civilian fatalities in the United States
and Europe have been dominated by those
trapped by fire as they tried to evacuate, and
in Europe many homes that were evacuated
survived. This mirrors trends seen in past large
fires in Australia, hence the long-term Australian
policy position to encourage people to prepare
their homes and then either evacuate early or
stay to defend (Tibbits et al. 2008). Following
Black Saturday in 2009, which saw for the first
time large numbers of Australians die in homes,
there has been a shift in the messaging emphasis
toward leaving early, rather than staying to
defend, alongside improvements in education,
forecasting, and warning provision (Whittaker
2019; Penman et al. 2013; Blanchi et al. 2014).
In comparison with Australia, the advice in the
United States and Europe remains dominated by
evacuation measures. In the United States, there
is an ongoing challenge with public safety in the
expanding wildland-urban interface, increasingly
resulting in large-scale evacuations in the face
of wildfire (Cova 2005; Ronchi et al. 2019). In
Europe, the 2017 fires in Portugal highlighted the
need to prepare and better inform the general
population about wildfire preparedness and
response (Viegas et al. 2019). Similar measures

are planned in Greece following the tragic experience of the 2018 fire fatalities in Eastern Attica.
No single system exists in any country
worldwide to systematically record wildfire and
WUI fatalities. In Australia and Europe, the
datasets utilized to date have been compiled
by researchers, and many are incomplete or
incompatible for comparative analysis (Blanchi
et al. 2012; Molina-Terrén et al. 2019). In the
United States although detailed information
on WFF fatalities exists, little detailed data on
civilian fatalities has been captured, and the
focus remains on firefighter fatalities. In order
to develop evidence-based policy and practice,
a dedicated and systematic approach to data
collection on wildfires and WUI fire fatalities
(civilian and WFF) is required globally.
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