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According to a Canadian government database, landslides are the most common type of
disaster that occurs in the province of British Columbia. Recently there has been a trend in
British Columbia toward using quantitative risk assessments to estimate life-loss risk at
landslide hazard sites, and to compare these estimates with risk tolerance thresholds to
determine the necessity for, and extent of, risk management measures. These risk estimates
are most often calibrated by so-called ‘expert judgment’ because historical landslide fatality
data are not readily available. This article addresses this gap by summarizing available
historical data to better inform expert judgment. It shows that fatalities caused by landslides
in British Columbia are rare (approximately one fatality per year in the last decade) and have
decreased with time despite rapid population growth. Approximately half of these fatalities in
the last decade are related to debris flows and debris floods that impact houses, whereas
the other half are related to rockfalls, debris flows, and debris floods that impact highways. A
comparison with other hazard types in the Canadian government’s disaster database
suggests that, while not particularly deadly, landslides are still important because of the
economic damage and service disruptions they cause. Although the data are specific to
British Columbia, the methods for identifying and presenting landslide risk trends could be
modified and adopted in other world regions where landslide fatality data are collected and
quantitative risk management methods are utilized.
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INTRODUCTION

There is increasing advocacy for forward-looking and action-oriented approaches to risk
management and disaster risk reduction. This idea has been formalized, for example, in the
Sendai Framework for Disaster Risk Reduction (United Nations Office of Disaster Risk
Reduction, 2015) and is central to British Columbia, Canada’s current efforts to modernize its
emergency management legislation (British Columbia, 2019). Accordingly, a quantitative risk
management framework for landslide hazards is gaining wider adoption in the province of
British Columbia, particularly with a focus on life-loss risk (Porter et al., 2017; Strouth and
McDougall, 2020). The centerpiece of this framework is landslide risk assessment, which
estimates, in part, how many people could be killed and the probability of these fatal scenarios.
Calibration of these estimates is challenging because historical landslide fatalities data have not been
commonly available in a format that facilitates calibration of risk estimates, and, thankfully, because
landslide deaths are uncommon in British Columbia.
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This article takes a step toward addressing this quantitative
risk estimate calibration challenge. It is a synthesis of historical
landslide fatalities in British Columbia, which can be used to
calibrate regional-scale risk studies and inform site-specific
landslide risk estimates. It describes trends in historical
landslide fatality data, compares landslide fatality rates with
other hazard types, and describes implications for forward-
looking landslide risk management practice.

Although it is specific to British Columbia, the methods for
identifying and presenting landslide fatality trends could be
modified and adopted for other world regions. As quantitative
risk management frameworks become more common around
the world (e.g., Malone, 2005; Corominas et al., 2014), there will
be a need to calibrate landslide risk estimates. The most onerous
task that precedes this calibration is collection of complete
fatality datasets, and researchers are making great progress in
this realm (e.g., Kirschbaum et al., 2015; Froude and Petley,
2018; Blais-Stevens, 2020). However, synthesis of these data is
necessary to calibrate risk estimates and inform risk
management decisions. This article provides a template for
this type of synthesis.

BRITISH COLUMBIA FATAL LANDSLIDE
DATABASE

A detailed compilation of historical landslide fatalities in British
Columbia, which we refer to as the British Columbia Fatal
Landslide Database, is provided as a Supplementary Table S1.
The Geological Survey of Canada (Blais-Stevens, 2020) provides
a map that illustrates the location of many of the fatal landslide
events. The database includes fatalities from direct landslide
burial and impact and indirect mechanisms like landslide-
generated tsunamis, train derailments, and vehicle crashes. It
also includes a variety of settings and triggers ranging from
failure of temporary excavations at mining operations and
constructions sites to natural landslides impacting residences,
including earthquake-triggered landslides. No landslide setting
or type was intentionally omitted.

The compilation is based on information from the following
key sources: 1) the Global Fatal Landslide Database (Froude and
Petley, 2018), 2) a compilation of historical Canadian landslides
that resulted in fatalities, from the Geological Survey of Canada
(Blais-Stevens, 2020), and 3) a catalogue of historical ﬂoodingl’2
and landslide events in British Columbia (Septer, 2007a; Septer,
2007b).

"The British Columbia Fatal Landslide Database includes fatalities caused by
erosion and sedimentation related to debris floods (Church and Jakob, 2020)
because the debris flood process can overlap with debris flows in many steep creeks
and can be indistinguishable from debris flows in newspaper descriptions.
Similarly, the Canadian Disaster Database (Public Safety Canada, 2020) classify
debris floods as landslides’.

*Fatality rate described throughout this article is estimated using a 10-years rolling
average of the annual fatalities in each year. The rolling average considers the
5 years before and after the year for which the fatality rate is assigned. It is not
adjusted for population.

Landslide Fatalities in British Columbia

The Global Fatal Landslide Database is a database of fatal
landslides that have occurred worldwide since 2004, based on
systematic, daily searches of English-language news sources and
reports that are available on the internet (Petley, 2012; Froude
and Petley, 2018). The Geological Survey of Canada’s
compilation is a map and table of fatal landslides in Canada
from 1771 to 2019, based on review of technical reports,
coroner’s reports, newspaper articles, and information
provided by colleagues in the landslide risk management field
(Blais-Stevens, 2020). The reports by Septer (2007a); Septer
(2007b) are chronological catalogues of newspaper clippings
that describe damaging flood and landslide events that occurred
in British Columbia between 1808 and 2006. The first
documented fatal landslide with a known number of fatalities
was in 1880.

Many of the fatal landslide events (~60%) are listed in more
than one of these sources, and where discrepancies were found
(e.g. event date, number of fatalities), we tended to use the
information reported in Blais-Stevens (2020) because Blais-
Stevens (personal communication, July 7, 2020) was generally
aware of the discrepancies and reviewed multiple sources prior
to selecting a value. The interpretations of landslide type,
setting, cause and trigger, and whether members of the
public or workers were killed, were made by the authors.
The reports by Septer (2007a; 2007b) were particularly
valuable for this interpretation because they tended to
include descriptions of the landslide and flood events from
eye-witness accounts reported by journalists. Interpretations
were necessary because these accounts rarely used current
landslide taxonomic terms, and did not explicitly mention
all database categories. “Unknown” is listed in the British
Columbia Fatal Landslide Database where no information
was identified that could support an interpretation or
inference.

Each data source acknowledges that landslide fatalities may
be missing from their respective compilations. Combining the
three data sources partially addresses these data gaps but does
not fill all omissions. Particularly, older events that resulted in
only one or two fatalities are likely to be missing from the
British Columbia Fatal Landslide Database, and this may
explain why many of the years before 1950 have no
recorded fatal landslide events. Although the error caused
by missing data is unknown, the database is interpreted to
be complete enough to support the conclusions of this article.
Firstly, each data source is described as comprehensive,
intending to be a compilation of all “known” events.
Secondly, multiple fatality events, which have the greatest
influence on overall trends, are relatively more likely to be
captured by news articles and reports that are available to
researchers (Petley, 2009; Sepulveda and Petley, 2015). Thirdly,
recent trends in landslide fatalities are the most relevant to risk
assessment calibration, and recent events are most likely to be
captured in the data because both the Global Fatal Landslide
Database and the Geological Survey of Canada compilation
have tracked landslide fatalities since 2004 using independent
methods. Petley (2012) estimated that the Global Fatal
Landslide Database slightly underestimates true landslide
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TABLE 1 | Summary of british columbia fatal landslide database from 1880 to 2019.

Item Value
Number of fatal landslide events 123
Number of multiple-fatality events 48
Number of events causing >10 deaths 5
Length of record (years) 140
Years with at least one fatality 77
Total number of fatalities 390
Maximum fatalities in a single event 54
Median fatalities per event 1.0
Average fatalities per year 2.8

Landslide Fatalities in British Columbia

Comment

Events that caused more than one fatality
1880 through 2019
Rock avalanche at jane camp, britannia mine complex in 1915

More than half of the events caused one fatality
Total fatalities divided by length of record
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FIGURE 1 | Landslide fatalities and landslide fatality rate® in British Columbia between 1880 and 2019.
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FIGURE 2 | Histogram of number of fatalities per fatal landslide in British
Columbia between 1880 and 2019.

impacts, with a typical error of up to 15%. By extension, the British
Columbia Fatal Landslide Database may similarly underestimate
landslide fatalities for the 2004-2019 period.

LANDSLIDE FATALITY TRENDS
1880-2019

Between 1880 and 2019 there were 390 recorded fatalities
caused by landslides in British Columbia (Table 1;
Figure 1). This equates to an average of 2.8 fatalities per
year, although this number is skewed by several high-fatality
events that occurred more than 100 years ago. Most fatal
landslides (62%) caused a single fatality (Figure 2). All
events causing more than 20 fatalities were deaths to
workers and residents of work camps during and before
1921, including the highest fatality event: a rock avalanche
at Jane Camp in the Britannia Mine Complex in 1915 causing
54 fatalities (Septer, 2007b). A plot of cumulative fatalities
(Figure 1) demonstrates that the rate of landslide fatalities has
steadily decreased with time following a cluster of many
landslide events in the late 1950s and early 1960s.

1950-2019

This section focuses on landslide fatality trends in the second half
of the database, the 70 years period after 1950. Recent trends in
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FIGURE 3 | Summary characteristics of landslide fatalities in British Columbia between 1950 and 2019. The landslide setting, type, cause and trigger, and person
kiled was interpreted by the authors based on the descriptions provided in the database sources.
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FIGURE 4 | Landslide fatality trends between 1950 and 2019, and change in total population of British Columbia. Population data from British Columbia (2020).
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FIGURE 5 | Historical frequency of multiple-fatality landslide events in
British Columbia.

landslide fatalities are more relevant than the full database for
calibrating forward-looking risk estimates because current risk
estimates are specific to demographics, settlement patterns, and
activities of modern times. In addition, the database is likely to be
more complete and accurate in more recent times due to the
wider coverage of newspapers and more formal reporting of
deaths.

Figure 3 summarizes characteristics of these landslide
fatalities, and Figure 4 illustrates the change in fatality rate
with time. The overall fatality rate declined steadily from
approximately five fatalities per year in 1960 to one fatality
per year in 2019. This five-fold reduction in landslide fatality
rate has occurred despite a five-fold increase in the population of
British Columbia (Figure 4), dropping from 0.3 to 0.02 deaths
per 100,000 people per year from 1960 to 2019. This result may
be due to a change in settlement patterns with time,
transitioning from a greater relative prevalence of rural
communities in mountainous areas to greater densification of
urban areas away from landslide hazards in recent times. It is
also a credit to continually improving landslide risk
management practice, which appears to be outpacing the rate
of new development in landslide-prone terrain.

The most common setting for a fatal landslide is a highway.
Debris flows and debris floods are more likely than rockfalls to kill

Landslide Fatalities in British Columbia

people on highways. For example, several multiple-fatality events
(e.g.» M Creek in 1981, Green Mountain Road in 1942, Rutherford
Creek in 2003) occurred when cars drove into the abyss left by a
debris flow or debris flood that washed away a bridge. The
landslide fatality rate on highways has averaged 0.8 landslide
fatalities per year (56 total fatalities), fluctuating in the range
between 0.5 and 1.5.

Homes are the second most common setting. Most
landslides causing residential fatalities are debris flows and
debris floods. The landslide fatality rate in residential settings
has averaged 0.6 landslide fatalities per year (42 total fatalities),
and has declined with time, averaging 0.4 (20 total fatalities)
since 1970.

Railways are the third most common setting. Most of these
fatalities are caused by rockfalls and rockslides, particularly due to
rockfall deposits on the track that lead to train derailment. These
events tend to kill one or two railway workers who are operating
the train when it derails. The overall landslide fatality rate on
railways has averaged 0.4 fatalities per year (30 total fatalities) but
has declined from more than one fatality per year in the 1950s to
zero landslide-related fatalities between 1998 and 2019. The
falling trend in landslide fatality rate shows a clear
improvement with time of landslide risk management practice
on the railways.

The forestry industry is the fourth most common setting,
resulting in 19 deaths between 1950 and 2019. Most of the
landslide fatalities in the forestry industry are caused by debris
flows and debris avalanches. The overall landslide fatality rate
in the forestry industry has averaged 0.3 fatalities per year,
and has declined with time, with only one landslide-related
fatality recorded between 1997 and 2019. Landslide fatalities
have also occurred during hydropower construction (four
deaths), recreation (four deaths), and mining activities (one
death).

Overall, debris flows and debris floods cause most
landslide fatalities, and the people killed tend to be
members of the public who are traveling on highways or
are at home. Most fatal landslides have a natural cause and
trigger, such as rainfall causing a landslide on a natural slope.
However, approximately a quarter of fatal landslides are
related to human activities such as rock cuts on highways
and railways.

TABLE 2 | Cause of death in British Columbia.

Cause of death Average

deaths per year

All causes 37,295
Motor vehicle accident 326
Accidental drowning 74
Pedestrian killed by vehicle 56
Residential fire 33
Landslides 1
Notes.

ADeaths per year divided by total population.
PByritish Columbia Coroners Service, British Columbia Coroners Service (2020).

Mortality rate® Source

and date range

11in 130 BCCSP 2015-2019
1in 14,000 BCCS 2008-2018
1in 62,000 BCCS 2008-2016
1in 84,000 BCCS 20102019
11in 130,000 BCCS 2007-2011
1in 5 million This article 2007-2019

Frontiers in Earth Science | www.frontiersin.org

February 2021 | Volume 9 | Article 606854


https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles#articles

Strouth and McDougall Landslide Fatalities in British Columbia

|

British Columbia
Cause of Death SO ool

Highway & Rail Accidents| 258 Deaths

100%

- 90%
Approximately 1 in 130 British Columbians die each year: Airplane Accidents| 4 Events

"iiﬁii‘:ﬁﬁﬂii:iﬁi;ﬁi
i 1eree
SR
‘pereeetreeeeteReRR AR RRRNE

1 For the population of 5 Million, this is 37,000 deaths. 149%
90 Deaths

Snow Avalanches| 8 Events
982 Deaths | —| 60%

= =i =He
= =ie =iil)e =N+
=i =i =M
=i =i =)
= =i =i
=i =i =)
= =i =)
= =i =i
=i =i =R
= =i =M
= =i =i
=i =ie =
=i =i =M
=i =il =)
= =i =)
=i =i =i
=i =i =)
=i =i =)
= =i =)
= =i =)
=i =i =M
=i =i =M
= =i =

-1 50%

This illustrates the cause of death:

-1 30%

- 20%

Other diseases Landslides SN 525 Deaths

-1 10%

13,000 deaths
lin3 66 Deaths I
Events in Database Deaths
FIGURE 7 | Disasters in British Columbia between 1950 and 2019 that
. . caused one or more deaths recorded in the Canadian disaster database
Cardiovascular diseases (Public Safety Canada, 2020).
11,000 deaths
3in10
EVENTS CAUSING MULTIPLE FATALITIES
Landslide risk analysts commonly estimate the number of people
Cancer that could be killed at a particular landslide hazard site or across a
10,600 deaths region in what is called a “societal” or “group” risk estimate (Strouth
3in10 and McDougall, 2020). This information is often presented on a log-
log diagram comparing number of fatalities with probability. Two

versions of this diagram (i.e., fN and FN) are common. An “IN”
diagram compares the number of fatalities (N) in a single landslide
scenario with the probability (or frequency) of that scenario (f). fN
diagrams consist of a series of dots that represent each assessed
scenario. An “FN” diagram combines the scenarios into a single
Suicide curve that describes the probability (or frequency) of “N or more”
600 deaths; 1 in 60 fatalities for the full dataset.

Figure 5 is a combined fN and FN diagram that displays the
historical frequency of single-fatality and multiple-fatality

Other accidents
1,200 deaths; 1 in 30

Motor vehicle accidents landslide events in British Columbia. The blue dots (fN)

300 deaths; 1 in 100 represent the frequency of events causing a specific number

of fatalities. For example, events causing exactly two

:I Homicide; 100 deaths; 1 in 300 fatalities occur at a frequency of approximately 1 in

7 years. Each of the fN dots was calculated simply by
dividing the total number of events causing exactly N
FIGURE 6 | Comparison of landslide deaths with other causes of death fatalities in the British Columbia Fatal Landslide Database ]:.)Y t}.le
in British Columbia (Statistics Canada, 2009; British Columbia Coroners record length (140 years, 1880 through 2019)' The frequency islin
Service 2020). The area of each cell is proportional to the number of deaths 140 years where there is only one event that resulted in N fatalities in
per year. the database. This truncation in the record length skews the FN
curve. An interpreted extrapolation of the FN curve is included in
Figure 5 that approximates an FN curve without data truncation.
The shape of this extrapolation and the possible range for the

" Landslides; 1 death; 1 in 37,000
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extrapolation are based on the general shape of FN curves for natural
hazard fatalities (e.g., blizzards, earthquakes, floods) in the
United States provided in Baecher et al. (2015). EN curves tend
to be linear in log-log space before becoming asymptotic at a limiting
number of fatalities (N) that is related to the population exposed to
individual hazard events.

The historical N and FN information can be used to inform
calibration of forward-looking societal landslide risk estimates in
British Columbia. It has more application for calibration of
regional estimates, but it could also be considered an upper-
bound curve for comparison against societal risk estimated at an
individual hazard site or a compilation of hazard sites. For
calibration at a specific hazard site, it may be reasonable to
shift the curve proportionally with the variation in the size of
the population at risk at the specific site compared to the
population at risk in British Columbia (see method used by
Sobkowicz et al,, 1995; Hungr et al, 2016). The authors are
currently working on methods for calibrating life-loss risk
estimates at individual sites based on this historical data, and
evaluating how similar calibration could be done with data
available in other world regions.

LANDSLIDE LIFE-LOSS RISK IN CONTEXT

Landslide fatalities are rare in British Columbia (Table 2;
Figure 6) compared to other causes of death. For example,
during the last decade, when there has averaged only one
landslide death per year, the British Columbia Coroners
Service (2020) reports 326 deaths per year in motor vehicle
accidents, 74 deaths per year by drowning, and 33 deaths per
year by residential fires. Table 2 compares landslide fatalities with
other types of accidental deaths. Figure 6 places average landslide
fatality risk in British Columbia into context with the most
common causes of death, which are primarily diseases.

Despite this low relative death toll, landslides remain an
important hazard demanding attention and resources from risk
managers. For example, Public Safety Canada maintains the
Canadian Disaster Database (Public Safety Canada, 2020), which
“contains detailed disaster information on more than 1,000 natural,
technological and conflict events (excluding war) that have
happened since 1900 at home or abroad and that have directly
affected Canadians.” A “disaster” is defined by Public Safety Canada
as an event that kills 10 or more, affects 100 or more, requires
national or international assistance, has historical significance, or
causes damage that cannot be overcome by the affected community
on its own. In the Canadian Disaster Database, landslides are the
most common type of “disaster” that occurred in British Columbia
between 1950 and 2019, representing 30% of the 54 total ‘disasters’
that resulted in at least one fatality. Despite the large number of
events, landslides were responsible for only 3% of the total fatalities
(Figure 7). Landslides are classified as “disasters” in British
Columbia because they tend to cause damage that cannot be
overcome by the affected community on its own, thus requiring
assistance from provincial and federal emergency management
agencies.

Landslide Fatalities in British Columbia

Taken together, this context suggests that life loss may not
generally be the most important landslide consequence to consider
for risk management decision making in British Columbia. Other
consequences, such as property destruction, economic losses, and
infrastructure or transportation service disruption (Porter et al.
2019), may provide a stronger metric. This suggestion supports
arguments in Strouth and McDougall (2020) that advocate for risk
evaluation tools that consider economic impacts and cost-
effectiveness of landslide risk management measures in addition
to life-loss risk tolerance thresholds.

CONCLUSION

Landslides are the most common type of disaster that occurs in
British Columbia, and the number of people exposed to landslide
hazards continues to increase as the population grows. So far, the
evolution of landslide risk management practice has outpaced
development pressures in landslide-prone terrain, leading to a
reduction in overall landslide life-loss risk with time in British
Columbia. A recent step in this evolution has been toward a
proactive, forward-looking quantitative risk management
framework. This article provides quantitative information that can
inform calibration of those life-loss risk estimates, including: in the
last decade there has been approximately 1.0 landslide-caused
fatalities in British Columbia per year, and approximately half of
these are related to debris flows and debris floods that impact homes,
whereas the other half are related to rockfalls, debris flows, and debris
floods that impact highways. Due to the small number of landslides,
these trends are sensitive to individual events (particularly multiple-
fatality events) and should be updated as future fatal landslides occur.
Regardless, historical life-loss risk from landslides is low relative to
other disaster types tracked in Canada. This suggests that other
consequences like building damage, economic losses, and road and
utility service disruptions may be driving the classification of
landslides as “disasters,” and perhaps ought to be a relatively
stronger focus of landslide risk management practice in British
Columbia. Similar studies in other world regions are needed to
better understand landslide risk trends, importance of landslide
risk relative to other hazard types, and relationships between life-
loss and economic risks posed by landslides.
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