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ICLR’s mission is to reduce the loss of life and property caused by severe weather
and earthquakes through the identification and support of sustained actions that
improve society’s capacity to adapt to, anticipate, mitigate, withstand and recover
from natural disasters. ICLR is achieving its mission through the development and
implementation of its programs Open for business, to increase the disaster resilience
of small businesses, Designed for safer living, to increase the disaster resilience

of homes, and RSVP cities, to increase the disaster resilience of communities.

ICLR has been designated as an IRDR International

IRDR ICOE Centre of Excellence. IRDR International Centres of
oA s Excellence (ICoEs), established through the IRDR

Scientific Committee (SC) and the relevant National
Committee (NC), provide regional and research foci for the IRDR program. ICoE
research programs embody an integrated approach to disaster risk reduction that
directly contribute to the ICSU/IRDR Science Plan for Integrated Research on Disaster
Risk and its objectives, as well as the IRDR Strategic Plan (2013-2017).

The Institute for Catastrophic Loss Reduction (ICLR) acknowledges that our work
takes place on the traditional, ancestral, and unceded territories of the First Nations,
Meétis, and Inuit peoples across what is now known as Canada. We recognize

the deep-rooted presence and invaluable traditional knowledge of Indigenous
communities and their connection to this land. Our commitment to reconciliation is
founded on respect, active listening, and continuous learning from Indigenous voices,
stories, and perspectives, which are crucial in fostering disaster-resilient communities.



Executive summary

The Institute for Catastrophic Loss Reduction (ICLR) is Canada’s leading source for disaster resilience
knowledge. We advocate for residents to become more resilient to disasters. A knowledge of past
catastrophes advances both missions. This work quantifies monetary and non-monetary catastrophe
losses by year since 1983 to aid that mission.

The Insurance Bureau of Canada and Catastrophe Indices and Quantification Inc. (CatlQ) estimate
insured catastrophe losses over time by geographic location. Nobody polls people for uninsured
losses, so we estimate insurance penetration using insurance policy information and government
counts of buildings and vehicles. We use penetration rates to estimate uninsured property loss.

We add private-sector losses for which one cannot buy insurance, public-sector costs to repair utilities
and transportation infrastructure, deaths and injuries, and environmental impacts. We use
governmentally assigned acceptable costs to protect safety to convert life-safety impacts to money.
We use the governmental social cost of carbon to measure environmental impacts.

Figure 1 shows the estimated annual totals, after accounting for inflation. In the figure, B means
billions. P+C+A means personal property (P) plus commercial property (C) plus automobiles (A),
including additional living expenses and business interruption, but excluding automobile collisions.

Losses currently total $9.2 billion (2025 CAD) per year, equal to 3% of construction spending.

That is, natural disasters absorb about 2 weeks of construction spending per year. Losses increase

approximately 9.4% annually in constant dollars, doubling every 8 years. That growth rate equates

with 9 times population growth, 5 times

real gross domestic product growth, Figure 1. Total estimated societal losses from catastrophic natural disasters,
and 3 times real construction 1983 to 2024

spending growth.
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Data availability

The reader will find a spreadsheet of estimated annual total losses at www.iclr.org/researchpapers/.
The data are made available under the CC BY-SA 4.0 license (Creative Commons no date).
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1. Introduction

1.1 Motivation

The Institute for Catastrophic Loss Reduction (ICLR) provides disaster information to encourage people
in Canada to become more resilient. That mission is aided by data on the total costs of natural
disasters that occur in Canada. No entity currently publishes estimates of the total societal cost of
Canadian natural disasters.

Some organizations collect and report important pieces of those costs, however. Catastrophe Indices
and Quantification Inc. (CatlQ) has estimated insured losses for catastrophes since 2008 and provides
its estimates to subscribers. Before 2008, the Insurance Bureau of Canada (IBC) collected and
disseminated similar insurance loss information.

Public Safety Canada offers the Canadian Disaster Database, a source for monetary losses, deaths,

and injuries for notable disasters since 1900. The meaning of its monetary loss estimates is unclear,
however, and may vary from event to event. It may reflect only property loss, or it might sometimes
include emergency response and recovery costs.

But nobody collects and reports some kinds of losses. Nobody polls people for their uninsured losses,
either for uninsured property losses or indirect business interruption. We are unaware of anybody
estimating the externalized cost of carbon embodied in repairs or debris. And while the federal
government reports expenditure on the Disaster Financial Assistance Arrangements (DFAA), it does
not seem to report the portion of those expenditures that pay for repairs to utilities and transportation
infrastructure.

It would aid ICLR’s mission to compile and disseminate all these categories of loss with a single,
consistent, transparent methodology. The sum would represent something approaching total societal
loss. One could examine the sum and its components for trends over time or differences between
locations or perils. We could then use trends and differences to examine underlying causes, with the
ultimate goal of reducing catastrophic losses, ICLR’s eponymous goal.

1.2 Objectives and scope

We set out to estimate the total societal loss in constant dollars for each Canadian catastrophe since
1983. Here, catastrophe means CatlQ’s definition of a catastrophe, currently defined as an event
causing at least $30 million in insured loss ($25 million from 2008 through 2021, and no standard
threshold before 2008). We further aim to estimate the total societal loss for each catastrophe by
summing the following 10 loss categories:

L, insured personal property repair costs (building and contents) and additional living expenses

L, insured commercial property repair costs (building and contents) and direct business
interruption

L insured auto repair costs excluding collisions

Ly uninsured personal property repair costs and additional living expenses

Lg uninsured commercial property repair costs and direct business interruption

Lg  uninsured auto losses

L,  value of deaths and injuries, parameterized as the acceptable regulatory costs to avoid the
same number of future statistical deaths and injuries

Lg indirect business interruption losses, meaning the losses suffered by businesses because of
catastrophe impacts on suppliers or consumers

Ly  externalized social cost of greenhouse gas emissions required to perform repairs

L,, costs to repair utilities and transportation infrastructure



Note that this list excludes potentially large and important sources of loss. We note at least eight
sources of loss omitted here, some of which could be substantial compared with the included ones:

Crop damage and other agricultural losses

Emergency response costs

Pets

Mementos

Psychological injuries

Health impacts of wildfire smoke, chemical, and biological contamination

Health impacts of homelessness and spousal abuse aggravated by disasters
Indirect economic impacts of diverting productive investments into property repairs

©® NV A WN =

We only consider catastrophes involving one or more of the following perils:
Hail

Flood

Windstorm

Winter storm

Fire

Water (sewer backup/water)

Earthquake

Lightning

Volcanic eruption

O~y WDN =

Note that this list excludes heat and drought.

1.3 Organization of report

This chapter summarizes our goals. Chapter 2 summarizes relevant literature. Chapter 3 presents
our methodology. Chapter 4 contains results. We present conclusions and limitations in chapter 5.
We provide full bibliographic references for works cited here in chapter 6.



2. Literature review

2.1 Prior efforts to calculate total societal losses from natural disasters

Smith and Katz (2013) offer a methodology used by the U.S. National Oceanic and Atmospheric
Administration to estimate losses from disasters costing at least $1 billion. It draws on insurance
claims estimates compiled by the Insurance Services Office/Property Claims Service, by the U.S. Federal
Emergency Management Agency’s National Flood Insurance Program, and the U.S. Department of
Agriculture’s crop insurance program. To address uninsured losses, it draws federal expenditures on
presidentially declared disasters such as FEMA's Public Assistance Grant Program. It also draws on data
from various state agencies to estimate agribusiness losses under various It estimates losses from
tropical cyclones, other severe storms, droughts, heatwaves, floods, wildfires, and freezes.

Since 1988, the Centre for Research on the Epidemiology of Disasters (CRED) at the Université
catholigue de Louvain has published estimates of global catastrophe losses since 1988 in its EM-DAT
Emergency Events Database (Delforge et al. 2023). It employs “a manually supervised process
involving significant human oversight. The EM-DAT staff systematically reviews a list of pre-identified
sources, including reports and catalogs from United Nations ... organizations, humanitarian agencies,
non-profit organizations, research institutes, reinsurance groups, ... press agencies, ... [and] other
sources found through active internet searches.” It offers (among other things) catastrophe locations
and estimates of casualties, reconstruction costs, insured losses, and total losses.

One more notable resource is worth mentioning: Multi-Hazard Mitigation Council (2019) estimated
the costs and benefits of various natural-hazard mitigation strategies in the United States, including
most of the loss categories of interest here. It remains perhaps the most exhaustive national-level
benefit-cost analysis of natural-hazard disaster mitigation ever performed.

2.2 CatlQ exposure and catastrophe loss data

Catastrophe Indices and Quantification Inc. (2024) surveys most Canadian insurers to estimate
nationwide insurance exposure statistics (meaning, how many insured risks, of what kind, with what
limits, and other parameters). It offers a database of the total number of risks (number of homes,
workplaces, or automobiles), building or auto value, content value, time-element value, loss limit, and
deductible by year (2016 through 2023), province, forward sortation area, line of business (personal
lines, commercial lines, and auto), and peril (earthquake, fire, flood, sewer backup and water, hail,
and wind). Sewer backup and water are not applicable to auto.

Catastrophe Indices and Quantification Inc. (2024) also surveys Canadian insurers after catastrophes
(currently defined as events causing at least $30 million in insured loss) to estimate total industrywide
losses. It offers a database of catastrophe loss data, currently totaling 195 events since January 2008.
For each catastrophe between 2008 and 2015, CatlQ offers claim counts, total claims incurred, and
allocated loss adjustment expenses by province and three lines of business: personal, commercial, and
auto. Beginning in 2016, CatlQ breaks out personal lines claim count, claims incurred, and allocated
loss adjustment expenses into property damage, non-property damage (meaning additional living
expenses), and sewer backup and water. It breaks out commercial lines claim count, claims incurred,
and allocated loss adjustment expenses into property damage and non-property damage (meaning
direct business interruption), along with other details that are not of interest here. For each
catastrophe, CatlQ lists the perils that contributed to the catastrophe.



2.3 Insurance Bureau of Canada (IBC) catastrophe loss data

The Insurance Bureau of Canada has compiled estimates of insured catastrophe losses in Canada
since 1983, drawing on sources such as Swiss Re, Deloitte, and PCS Canada (Insurance Bureau of
Canada, 2023). The dataset includes events with insured losses of at least $30 million and records the
date and location, event type, and total losses plus loss adjustment expenses, reported in both
nominal and inflation-adjusted dollars. Figures are drawn from multiple sources using differing
methodologies, including primary insurance and reinsurance publications, internal industry reports,
and online databases (Tschoegl et al. 2006).

2.4 Deaths and injuries in Canadian disasters

The following largely quotes Public Safety Canada (2024). The Canadian Disaster Database contains
summary information on more than 1,000 natural, technological, and conflict events (excluding war)
since 1900 that have directly affected Canadians. The database tracks significant disaster events that
conform to the Emergency Management Framework for Canada definition of a disaster and meet
one or more of the following criteria:

e 10 or more people killed

e 100 or more people affected/injured/infected/evacuated or homeless

e an appeal for national/international assistance

¢ historical significance

¢ significant damage/interruption of normal processes such that the community affected cannot
recover on its own

The database describes:

e where and when a disaster occurred
e the number of injuries, evacuations, and fatalities
* an estimate of the costs

2.5 Population, housing, business, and automobile data

Statistics Canada (2024a) offers a time series of population estimates by year, quarter, and province
or territory. Statistics Canada (2024b) offers a time series of housing data by year, quarter, and
province or territory. These will be useful later to compare with the number of personal-lines policies
and to estimate personal-lines insurance penetration.

The Government of Canada defines a business as “any activity carried on for the production of
income from selling goods or performing services... Business income includes income from any
activity you do for profit. For example, the income from a service business is business income.”
(Government of Canada 2025). Statistics Canada provides counts of Canadian businesses with no
employees (3.4 million businesses, Statistics Canada 2024c) and with one of more employees

(1.2 million businesses, Statistics Canada 2024d). These data will be useful later to compare with the
number of commercial-lines policies and to estimate commercial-lines insurance penetration.

Statistics Canada (2024e) tracks the costs of building construction prices, parameterized via the
Building Construction Price Index (BCPI). It measures changes over time in the prices that contractors
charge to construct a range of new commercial, institutional, industrial and residential buildings. It is
only available for residential buildings beginning in the first quarter of 2017.



Statistics Canada (2024f) also offers a time series of the Consumer Price Index. It tracks the cost of a
wide variety of goods and services by province, normalized to a reference year (currently 2002).
Among the variety there are two that will be useful here: an all-items total, and shelter.

Statistics Canada (2024g) offers counts of registered vehicles by province and year beginning in 2017.
Counts for Nunavut begin in 2021. These data will be useful to estimate auto insurance penetration.

2.6 Value of life safety

The Urban Institute (1991) developed a method to infer the value that people place on their own
safety by calculating the cost of safety measures that people voluntarily buy in relation to the
marginal decrease in the chance of premature death. The ratio of cost to marginal reduction in
life-safety risk is referred to as the value of a statistical life. The US government adopted the implied
value of a statistical life for use in assigning life-safety benefits to regulatory actions: it represents the
acceptable regulatory cost to avoid the death of an unknown person at an unknown time in the
future. Chestnut and de Civita (2009) applied the method in the Canadian context. The 2009 review
estimated that the value of a statistical life for Canadians is 2007 CAD $6.3 million. The Government
of Canada’s (2023) Cost-Benefit Analysis Guide for Regulatory Proposals uses this amount and allows
one to adjust it to account for inflation.

Later it will be desirable to estimate the value of avoiding statistical nonfatal injuries. The Association
for the Advancement of Automotive Medicine (2001) offers a 6-level scale called the Abbreviated
Injury Scale (AIS), and the US Department of Transportation (2015) offers acceptable costs to avoid
nonfatal injuries as a fraction of the value of a statistical fatality avoided (VSFA). Table 1 presents
these figures.

Figure 2. Northridge

What about the distribution of injuries among AlIS levels in disasters? Seligson and Shoaf (2003) Earthquake injuries (after

reported the distribution and value of injuries in the 1994 Northridge earthquake (Figure 2), but Seligson and Shoaf 2003).
Canada’s leading disasters are from flood, fire, and storms, not earthquakes. Many works speak “HH" indicates number of
qualitatively about the kinds of injuries that occur in natural disasters (e.g., Alexander 1993, Noji households in which at least
1997) but we found none that offered statistical distributions among the severity levels comparable one person experienced this
to Seligson and Shoaf (2003). Neither Hazus-MH’s hurricane nor flood loss models offer a casualty  level of injury.

modeling component or evidence of the distribution of nonfatal injuries (Federal Emergency

Management Agency 2021, ND).

27 o Dead on arrival
6 * Die in hospital

Table 1. Value of a statistical injury avoided

| 9 e Hospitalized trauma cases

AlS level | Severity Fraction of VSFA
AlS 1 Minor 0.0020 I 129 e Hospitalized non-trauma _—

AlIS 2 Moderate | 0.0155 | 8,200 HH  Emergency dept. treat & release

AIS 3 Serious 0.0575 | 16,400 HH e Out of hospital treat & release
AlS 4 Severe 0.1875

| 221,400 HH » Self-treated
AIS 5 Critical 0.7625
AIS 6 Fatal 1.0000




2.7 Indirect business interruption

Economists tend to use either of two methods to estimate indirect business interruption. Input-
output (I-O) analysis (e.g., Christ 1955) examines monetary transactions between discrete industries
within an economy over a specified time period. The resulting relationships allow one to estimate the
reduced output of the other sectors as a linear function of changes to inputs. Input may include the
reduced output of an impaired sector.

Computable general equilibrium (e.g., Taylor and Black 1974) recognizes nonlinearity in the
relationship between outputs of different economic sectors. A computable general equilibrium model
consists of equations that describe model variables and a detailed database consistent with those
equations. The equations account for cost-minimizing behaviour by producers, average-cost pricing,
and household demands based on optimizing behaviour.

2.8 Embodied carbon

One can quantify climate costs in terms of the social cost of carbon involved in property repairs.
Magwood et al. (2023) estimate that to build and then demolish a house involves 184 kg CO,./m?
of embodied carbon. This includes the energy to produce the building’s structure, enclosure, and
partition materials. They estimate 74 kg CO,/m? of embodied carbon to produce the mechanical
equipment, appliances, and finishes, 26 kg CO,./m? for transportation and initial installation, and
26 kg CO,./m? for demolition and disposal. These values sum to 310 kg CO,./m?.

What about the carbon embodied in building contents? Perhaps one can estimate the carbon
embodied in contents in proportion to the value of the contents. Catastrophe Indices and
Quantification Inc. (2024) exposure database suggests that, for personal lines insurance, the total
insured value of contents is about 63% of the total insured value of buildings. Relying on the ratio
of contents to building value of 0.63:1, household contents add 195 kg CO,./m?, for a total of
0.310 + 0.195 = 0.505 metric tons of CO,./m?.

Environment and Climate Change Canada (2023) set a 2024 value for the social cost of carbon
at $266/metric ton. Thus, the carbon embodied in a Canadian home can be estimated as
0.505 ton/m2 x $266/ton = 2024 CAD $134/m?2.

Note that Gordian (2023) estimates the construction cost of a new, 200-m? 1'2-storey woodframe,
wood-siding house with finished basement in London, Ontario at about 2024 CAD $1,960/m?.
Adding 63% for content value, a new Canadian home costs on the order of $3,200/m?. Thus,
embodied carbon amounts to about 4% of the value of property.

2.9 Utilities, transportation infrastructure, and emergency response

We are unaware of any resource that reports total costs to repair utilities and transportation
infrastructure in Canadian or US disasters.

The Government of Canda’s Disaster Financial Assistance Arrangements (DFAA) program provides
financial assistance to provincial and territorial governments for response and recovery costs from
large-scale disasters caused by natural hazards. It partially compensates provincial and territorial
governments for costs associated with emergency response, essential needs for homes and small
businesses, utilities and transportation infrastructure, relief and recovery, counseling, and other costs.
See Public Safety Canada (2025a, 2025b) for more details.



Public Safety Canada (2022a) estimates Disaster Financial Assistance Arrangements Liabilities during
the period 2009-2015 at about $3.78 billion, a sum that represents on the order of 80% to 90% of
all public expenditures. A large but unknown fraction of that amount is attributable to the repair of
public utilities and transportation infrastructure.

2.10 Other estimates of catastrophe loss

Several insurance concerns publish estimates of catastrophe loss. Swiss Re (Bevere 2025) reports total
insured and uninsured losses between 2015 and 2024. Impact Forecasting (Lérinc 2025) provided
confidential loss estimates that we will use for subsequent validation purposes. We searched for
publications documenting systematic loss estimates by other insurance concerns, without success.
Commercial catastrophe risk models tend to be proprietary and confidential, of limited use in work
that aims for transparency.



3. Methodology

3.1 Brief sketch of the proposed methodology

This work relies on the CatlQ database, data from the Insurance Bureau of Canada, the Canadian
Disaster Database, census data, and other proxies to the 10 loss categories of interest here. Table 2
briefly summarizes. Details and the relevant equations appear in later sections.

Table 2. Brief sketch of the proposed methodology

Item Meaning Source

Ly Insured personal property repair CatlQ after 2008; IBC before 2008
costs and additional living expenses

L, Insured commercial property repair | CatlQ after 2008; IBC before 2008
costs and direct business
interruption

Ly Insured auto repair costs CatlQ after 2008; IBC before 2008

Ly Uninsured personal property repair | L, factored by insurance penetration F;, estimated as
costs and additional living expenses | the ratio of total number of dwellings to number of

insured personal-lines risks, less L,
Ls Uninsured commercial property L, factored by insurance penetration F,, estimated as
repair costs and direct business the ratio of total business establishments to number of
interruption insured commercial-lines risks, less L,
Lg Uninsured auto losses L5 factored by insurance penetration F;, estimated as
the ratio of total registered vehicles to insured auto
risks, less L

Ly Value of deaths and injuries Canadian Disaster Database deaths and injuries
multiplied by the acceptable regulatory costs to avoid
statistical deaths and injuries

Lg Indirect business interruption losses | Property losses L; through Lg multiplied by a factor

reflecting indirect business interruption to property loss,
using Multi-hazard Mitigation Council (2019)

Ly Externalized social cost of Property losses multiplied by a factor that reflects the
greenhouse gas emissions required | social cost of carbon per unit of property value
to perform repairs

Ly Costs to repair utilities and Property losses multiplied by a factor that reflects public

transportation infrastructure

expenditures on lifeline repairs implied by the Disaster
Financial Assistance Arrangement

3.2 Personal-lines insurance penetration F;

Some properties are insured; others are not. Here, we refer to the fraction of all property that carries
insurance as insurance penetration. We calculate it separately for personal property, commercial
property, and autos.

Thus, insurance penetration varies substantially by peril and individual catastrophes can involve
multiple perils. CatlQ does not break out losses in a single catastrophe by peril but simply identifies
the perils involved in a catastrophe. How shall we calculate insurance penetration for an individual



catastrophe when multiple penetration factors might matter? We propose to apply the geometric
mean of the insurance penetration factors for all the perils that CatlQ identifies for the catastrophe,
as in equation (1), with one exception: since sewer backup and water tend to have lower penetration
rates than fire and wind, CatlQ reports sewer backup and water losses separately, and we can
calculate its penetration rate separately. Its value F; is shown in equation (2). Equation (1) reflects our
uncertainty as to the relative contribution of non-water perils. That is, it implies some statistical noise
between actual penetration rates and the estimated value. But we see no source of systematic bias in
the equation.

1

_ Peril N1i,j,k Perils A
Fujotsewer = (TTEZH () )™ : ki # sower (STSB) (1)
Niijwater
1i,j,water My ( )
My;; = Total private dwellings at the time of catastrophe i in province or territory j, e.g., from

Statistics Canada (2024b).

Ny« = Number of personal property policies for peril k at the time of catastrophe i in province
or territory j, from the CatlQ exposure database. The CatlQ loss database identifies the
perils shown in column 1 of Table 3, while its exposure database lists the perils in slightly
different form, as shown in column 2.

Perils

Number of perils identified as contributing to catastrophe /, excluding sewer backup and
water (STSB).

Table 3. Relating causes of loss listed in the catastrophe description to policy types

Perils in CatlQ catastrophe description Peril type k for policies | Comment

Hail STHS

Flood FLXX

Windstorm STXX

Winter storm STXX

Fire FIXX

Water (sewer backup / water) STSB

Earthquake EQXX

Riot N/A

Terrorism N/A

Lightning FIXX CatlQ likely notes lightning-
ignited fires

Explosion N/A




3.3 Commercial-lines insurance penetration F,

We handle commercial property insurance by an analogous method. Statistics Canada provides
counts of Canadian businesses with no employees (3.4 million businesses, Statistics Canada 2024c)
and with one of more employees (1.2 million businesses, Statistics Canada 2024d). The sum is only
10% larger than the 4.2 million commercial fire policies estimated by CatlQ. Thus, we measure
commercial-lines insurance penetration as the geometric mean of the insurance penetration factors
for all the perils that CatlQ identifies for the catastrophe as in equation (3).

1
_ Peril. Nzi,j,k Perils
Fpj= ( K=t (sz)) ()

M,; =  Total employee and non-employee business establishments at the time of catastrophe /
in province or territory j, e.g., taking non-employee business establishments from
Statistics Canada (2024c), and business establishments with one or more employees
from Statistics Canada (2024d).

Nyi;x = Number of commercial property policies for peril k at the time of catastrophe i in
province or territory j, from the CatlQ exposure database, using the same mapping as
shown in Table 3.

Perils = Number of perils identified as contributing to catastrophe .

3.4 Auto insurance penetration F;

Personal auto insurance penetration is estimated as the ratio of the number of registered personal
motor vehicles to the number of insured vehicles in the CatlQ database, as shown in equation (4).

1

. = Perils [ Naijk\ \Perils
pauy = (i (37)) (4)
3i,j

Ms;; = Total registered vehicles at the time of catastrophe /in province or territory j, e.g., from
Statistics Canada (2024q).

Nsi;x = Number of auto policies for peril k at the time of catastrophe / in province or territory j,
from the CatlQ exposure database.

Perils = Number of perils identified as contributing to catastrophe i excluding sewer backup and
water (STSB), which do not apply to autos.



3.5 Shelter and all-items inflation factors F, and F;

It will be desirable to express past catastrophe losses in constant dollars (e.g., in 2024 CAD). How
shall we account for inflation? Several options present themselves.

1. Building construction price index (BCPI); Statistics Canada (2024e). Advantages: specific to the
cost of new construction, and can differentiate between various kinds of residential, commercial,
industrial, and institutional buildings. Disadvantages: only available for residential buildings
beginning in the first quarter of 2017.

2. Consumer price index, annual average, shelter item (CPI-shelter); Statistics Canada (2024f).
Advantages: offers a shelter component. Available for all provinces by year beginning in 1982.

3. Consumer price index, annual average, all items. Advantages: available for all provinces beginning
in 1983. Earlier than that, CPI was unavailable for Yukon, Northwest Territories, and Nunavut.

Because of the limitations of the BCPI, we selected the CPI. To reflect the change in cost of property
losses and time-element losses, we use the shelter item at the province level. To reflect the value of
statistical lives and injuries in constant dollars, we use the CPI all-items value at the national level.
Statistics Canada provides the consumer price index for every month of the year. For convenience, we
use the June figure to represent each year.

Note: StatsCan lacks some CPI figures for Nunavut; we assign missing Nunavut figures the CPI values
for Northwest Territories.

Then one can convert past-year losses to present-year currency using equations (5) and (6) for
buildings (L;, L, L,, and Ls) and other items respectively.

F,.: = CPIShelter,now,j (5)
A CPlsnetter,i,j
F5i — CPIAllItems,now (6)
CPlauttems,i
Fyi; =  property-loss inflation: a factor to convert repair costs and time-element losses in
the year of catastrophe i in province or territory j to monetary costs in the present
year in province or territory j.
Fs; = all-items inflation: a factor to convert the value of safety in year / to monetary costs
in the present year.
CPlsperternowj = ~Consumer price index, shelter, in June of the current year, in province or territory j.
CPlspererij =  consumer price index, shelter, in June of the year of catastrophe /, province or
territory J.
CPlattemsnow =  consumer price index, all items, in June of the current year.
CPlapems; = consumer price index, all items, in June of the year of catastrophe /.
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3.6 Deductible factor F;

Insurance claims for fires, floods, and other climate perils typically represent most but not all of the
property loss. Let Fg, 05 denote the average deductible amount as a fraction of the limit of liability for
a given line of business (personal lines, commercial lines, or auto). Table 4 shows the current average
deductible, calculated as the ratio of the nationwide sum of deductibles to nationwide limit of liability
for climate perils, according to the CatlQ exposure database.

Table 4. Average deductible as a fraction of insured value F;

Line of business Average deductible

ALto 2.90%
Commercial 2.39%
Personal 0.38%

3.7 Insured personal, commercial, and auto losses L,, L,, and L;

CatlQ surveyed its participants to estimate industry-wide total personal-lines, commercial-lines, and
auto claim counts, claims incurred, and allocated loss adjustment expenses in catastrophes of 2008
and later. Its estimates between 2008 and 2016 do not break out losses between property damage
and time-element loss, nor did it break out basement flood loss. Let us therefore estimate total
insured losses for the period 2008 to the present by catastrophe and line of business (personal lines,
commercial lines, and auto).

i =  index to catastrophe.
J = index to province or territory.
Ly = inflation-adjusted total insured personal lines losses in catastrophe i, province or

territory j, in present-year dollars, from Catastrophe Indices and Quantification Inc.
(2024) personal lines loss estimates.

Ly;j = (Cyij* (1 + Fepersonar) + A1ij) * Faij (7)
Ly; = inflation-adjusted total insured commercial lines losses in catastrophe i, province or
territory j, from Catastrophe Indices and Quantification Inc. (2024) commercial lines loss
estimates.
Lyi; = (Caij* (1 + Fo commerciat) + Azij) * Faij (8)
L3ij = inflation-adjusted total insured auto losses in catastrophe /, province or territory j, from

Catastrophe Indices and Quantification Inc. (2024) auto loss estimates.

Lz;; = (Caij - (1 + Foauto) + Asij) - Faij 9



C;;; = personal property damage claims incurred in currency of the year of catastrophe /,
in province or territory j, from Catastrophe Indices and Quantification Inc. (2024).

Cy; = commercial property damage claims incurred in currency of the year of catastrophe /,
in province or territory j, from Catastrophe Indices and Quantification Inc. (2024).

G; = autoclaims incurred in currency of the year of catastrophe /, in province or territory j,
from Catastrophe Indices and Quantification Inc. (2024).

A;j = personal property allocated loss adjustment expenses (ALAE) in currency of the year of

catastrophe /, in province or territory j, from Catastrophe Indices and Quantification Inc.

(2024).

Aj; = commerdial property allocated loss adjustment expenses (ALAE) in currency of the year
of catastrophe /, in province or territory j, from Catastrophe Indices and Quantification
Inc. (2024).

Azj = auto allocated loss adjustment expenses (ALAE) in currency of the year of catastrophe /,
in province or territory j, from Catastrophe Indices and Quantification Inc. (2024).

Fyj = inflation factor from equation (5).

3.8 Uninsured personal, commercial, and auto losses L, L;, and Ly

Uninsured personal, commercial, and auto losses are estimated as shown in equations (10), (11)
and (12), respectively. The second term in equation (10)b accounts for the relatively low penetration
rate of basement flood insurance. We only know the contribution of sewer backup and water to
personal-lines losses from 2016 onward, so equation (10)b cannot be used for earlier catastrophes.
The last term each equation removes the insured losses from L, L,, and Ls, leaving the uninsured
losses.

_ Luyj :
Lyij= e Ly;j: year <2016 (10)a
L _ L1i,j_L1i,j,water L1i,j,water . S
4ij = o +—= — Lq;j: year 2 2016 (10)b

F1ijnotwater Fiijwater
Lai;

Ls;j = E_in.j (11)
L3i,]

Leij = Fur L3 (12)

Ly = inflation-adjusted total uninsured person property and time-element losses in

catastrophe /, province or territory j.

Ls;; = inflation-adjusted total uninsured commercial property losses in catastrophe i, province
or territory j.

L = inflation-adjusted total uninsured auto losses in catastrophe i/, province or territory j.
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How shall we estimate L,, Ls, and Lg for pre-2016 catastrophes? CatlQ only collected exposure data
beginning in 2016, so we lack inputs to calculate F;, F,, and F;. Three options present themselves.

1. We can make no attempt to estimate uninsured losses before 2016.
2. We can assign pre-2016 penetration rates using 2016 or later data.

3. Or we can search for evidence of penetration rates on a catastrophe-by-catastrophe basis.

Option 1 avoids the potential for bad estimates of penetration rate at the cost of having any
estimates of uninsured loss.

Option 2 provides potentially useful information, albeit with the risk of bad estimates. For example,

the 2013 Alberta and Toronto floods revealed very low insurance penetration rates for water. (See e.g.,
Public Safety Canada 2022b section 2.1.) Partly in reaction, penetration rates greatly increased after
these catastrophes. But using 2016 penetration rates in 2013 will tend to produce an underestimate
of uninsured flood losses in 2013.

Option 3 seems impractical.

Let us make the estimates using option 2 and be aware of the risk. It may substantially underestimate
uninsured flood losses before 2016.

How shall we assign F;, F,, and F; for pre-2016 catastrophes? Since flood insurance penetration
rates tend to be lower than storm or fire insurance penetration rates, we will take flood penetration
rates and basement flood penetration rates in 2008 through 2015 to be those of 2016. Likewise, fire
insurance penetration rates in 2008 through 2015 are taken as those of 2016 on a province-by-
province basis.

Therefore, for pre-2016 catastrophes that include flood losses according to CatlQ, we will take
F1ijnotwater 10 D€ Fy 2016, ixx (that is, the flood-insurance penetration rate for 2016 in the same
province or territory). For pre-2016 catastrophes that CatlQ says does not have a flood component,
we will take Fy;; to be F; 5016 xx- That is, we use the 2016 fire-insurance penetration rate for all
pre-2016 non-flood catastrophes.

We make similar assignments for F,;; and F3;;, with one exception: CatlQ records no commercial flood
policies prior to 2018, so for F5;;, we use F; 5915 rxx AN F5 2018 rixx 1O supply the missing data.

3.9 Injury loss factor F, and casualty loss L,

We use the Canadian Disaster Database (Public Safety Canada 2024) to estimate the number of
deaths and nonfatal injuries in each catastrophe recorded by CatlQ. One must manually relate the
records in the Canadian Disaster Database to those of CatlQ judging by start date, location, and the
description of the events in each database. Let us consider only those records in the Canadian
Disaster Database beginning in 2008 that indicate nonzero deaths or injuries. Not all Canadian
Disaster Database records with nonzero deaths or injuries appear in the CatlQ database.

Let us use Chestnut and De Civita (2009) to assign a monetary value (in 2007 CAD) to the acceptable
cost to avoid a statistical death: 2007 CAD $6.3 million, which can be brought to present value using
the nationwide all-items CPI factor F5 from equation (6).



Chestnut and De Civita (2009) are silent on the statistical value of avoiding nonfatal injuries, and
the Canadian Disaster Database does not distinguish between minor, moderate, and severe injuries.
How then to estimate the acceptable cost to avoid nonfatal injuries? At least three options present
themselves.

1. Treat every injury as if it had some intermediate severity level such as AlS 3. This approach is
simple, but it denies the (very limited) evidence of a power-law distribution of injury severity levels
suggested by Shoaf and Seligson’s (2003) Northridge data.

2. Assume some reasonable distribution of injury severities (such a power law) and weigh the values
in Table 1 accordingly. This approach honors the limited available data that suggests less-severe
injuries are more common than more-severe ones but relies on guesswork about the relative
ratio. Results using a power law turn out to be extremely sensitive to the ratio one chooses. And
since the only available evidence we could find comes from earthquakes, we have no defensible
basis for choosing a ratio for floods, fires, or windstorms.

We selected option 1 and applied the US Department of Transportation (2015) value of avoiding
AIS 3 injuries to all nonfatal injuries, that is, 0.0575 times the value of a statistical fatality avoided.
We estimate the value of casualties using equation (13).

Ly = (NAlse,i + NA153,i ‘F7,A153) "VSFAcp 'F5,2007 (13)

L = Acceptable cost to avoid the same number of statistical deaths and injuries as actually
occurred in disaster /.

Nassi = Number of fatalities (Abbreviated Injury Severity 6) that occurred in disaster i according
to the Canadian Disaster Database (Public Safety Canada 2024). Note that the Canadian
Disaster Database may exclude some deaths, such as deaths from wildfire smoke caused
by long-range transport of air pollution.

Npssi; = Number of nonfatal injuries (all assigned Abbreviated Injury Severity 3) that occurred in
disaster /.

F;as3 = Fraction of the value of a statistical fatality avoided (VSFA) that the US Department of
Transportation assigns to abbreviated injury severity 3.
=0.0575

VSFAp = Value of a statistical fatality avoided according to Chestnut and De Civita (2009)
= 2007 CAD $6.3 million.

Fs,00, = all-items inflation: a factor to convert the value of safety in 2007 (the reference year for
the Chestnut and De Civita value) to monetary costs in the present year.

3.10 Indirect business interruption loss factor F; and loss Lg

We lack details of the industry-specific impacts for each catastrophe, so to use input-output analysis
to estimate indirect business interruption seems impractical, and computable general equilibrium
even more so. As will be shown shortly, the effort to perform input-output analysis or computable
general equilibrium might exceed the value gained anyway. A more approximate approach seems
warranted.
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We estimate indirect business interruption losses (that is, loss of custom or added expense to
businesses whose suppliers or customers suffered harm) using estimates from Multi-Hazard
Mitigation Council (2019) of the ratio of reduced indirect business interruption loss to reduction in
the sum of the property losses, direct time-element losses (additional living expenses and direct
business interruption, to which CatlQ refers as non-property damage), and casualty losses.

Let F8k denote that ratio for a given peril k, calculated as shown in equation (14). See Table 5 for our
estimates of Fg.. We generally drew on Multi-Hazard Mitigation Council’s (2019) code compliance
strategy to select values for the right-hand side of equation (14). Other choices might also seem
reasonable, but given the relatively small values of Fg, results for present purposes probably have low
sensitivity to the choice.

Bindirect,k
FBk — ndatrect, (14)
Bprop,ktBpirectBLktBcask

Where

Bindirectk = reduction in indirect business interruption losses as estimated by Multi-Hazard
Mitigation Council (2019) for the mitigation strategy that seems most closely related to
peril k.

Bpopk =  reduction in property losses as estimated my Multi-Hazard Mitigation Council (2019) for
the mitigation strategy that seems most closely related to peril k.

Bpirectk = reduction in direct business interruption losses and additional living expenses as
estimated by Multi-Hazard Mitigation Council (2019) for the mitigation strategy that
seems most closely related to peril k.

Beisk = reduction in casualty losses as estimated my Multi-Hazard Mitigation Council (2019) for

the mitigation strategy that seems most closely related to peril k.

Table 5. Peril-specific indirect business interruption loss factor according to Multi-Hazard
Mitigation Council (2019).

Peril, k Fgy Comment

Hail 10% Multi-Hazard Mitigation Council (2019) Figure 2-22
Flood 3.9% Multi-Hazard Mitigation Council (2019) Figure 2-21
Windstorm 10% Multi-Hazard Mitigation Council (2019) Figure 2-22
Lightning 10% Multi-Hazard Mitigation Council (2019) Figure 2-22
Water 10% Multi-Hazard Mitigation Council (2019) Figure 2-22
Winter storm 10% Multi-Hazard Mitigation Council (2019) Figure 2-22
Fire 2.1% Multi-Hazard Mitigation Council (2019) Figure 2-19
Earthquake 17% Multi-Hazard Mitigation Council (2019) Figure 2-24




Recall that CatlQ does not survey or record the relative contribution of different perils to the loss
from any given catastrophe but does note the perils that seemed to contribute to the catastrophe.
How shall we combine values of Fg to estimate an aggregate ratio for a given catastrophe? At least
two options present themselves.

1. Calculate the geometric mean of Fg values for a given catastrophe based on which perils
contributed to catastrophe, as we did with penetration factors F, through F;. This approach
honors the limited evidence from Multi-Hazard Mitigation Council (2019) that different peris have
different impact on indirect business interruption. But it is complex and may reflect illusory
accuracy. After all, figures in Table 5 rely on models rather than empirical evidence, and they refer
to the modeled reduction in losses from various mitigation strategies rather than losses.

2. Use asingle deterministic factor Fg. The figures in Table 5 are generally around 10% + 7%,
so one might reasonably apply a constant factor Fg = 0.10. This approach offers simplicity and
probably makes little difference to the final results that interest us here.

We selected option 2. Then indirect business interruption loss Lg can be estimated as shown in
equation (15).

L8=F8'(L1+L2+L3+L4+L5+L6+L7) (15)

Where
Fg = 010

It turns out that L, in Canadian disasters since 2008 amount to a very small fraction of the right-hand
side of equation (15). It will be more convenient for calculation purposes use equation (16) instead.

L8=F8'(L1+L2+L3+L4+L5+L6) (16)

3.11 Carbon factor Fy and carbon loss L,

Property repairs entail energy expenditures to produce, deliver, and install repair materials and to
dispose of debris. As noted in the literature review, the social cost of carbon emissions to repair
buildings and contents represents an externalized cost equal to 4.2% of the property repairs.

The Catastrophe Indices and Quantification Inc. (2024) claims data since 2016 shows that property
damage in personal-lines claims amount to about 97% of total personal-lines losses. Together,
these facts suggest that for personal lines losses, one can estimate the externalized cost of carbon
emissions as 4.1% of the total person-lines losses.

Total property damage since 2016 under commercial lines amounts to most (about 92%) of total
commercial-lines losses, the remainder coming from direct business interruption, which presumably
results in little (and perhaps negative) added carbon. Assuming the same embodied carbon in
commercial property, one can estimate the externalized social cost of carbon from commercial losses
as 3.9% of total commercial lines losses. Both figures are close enough to 4% (and uncertain
enough) that it seems reasonable to estimate carbon losses Lq as shown in equation (17).
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Lg=F9'(L1+L2+L3+L4+L5+L6) (17)

Where

Fo

social cost of carbon involved in property repairs as a fraction of property repair cost.
0.04

3.12 Utilities and transportation infrastructure factor F;, and loss L,

We find it very challenging to estimate the costs of repairing utilities and transportation infrastructure
after disasters. As noted in the literature review, public entities in Canada may have spent on the
order of $4.5 billion in 2009 to 2015 to recover from natural disasters. Let us assume that half of that
amount is paid for utility and transportation infrastructure repairs, about $2.2 billion. It will turn out
that this figure represents about 5% of the total estimated insured and uninsured loss to private
property during the same period. Let us therefore estimate the cost to repair utility and transportation
infrastructure as shown in equation (18).

L10=F10'(L1+L2 +L3+L4+L5+L6) (18)
Where
Fio =  cost to repair utilities and transportation infrastructure as a fraction of private property
repair cost.
= 0.05

This simple approach may underestimate damage in some catastrophes. The 2021 Pacific Northwest
floods caused substantial damage to highways and railways. Washouts closed BC Highway 1,
Highway 99, Highway 7, Highway 3, the Coquihalla Highway, as well as CNR and CPR rail lines.

But as Commission for Environmental Cooperation (2021) points out, Canada lacks an authoritative
central source for flood repair costs. We currently see no practical alternative to equation (18) to
estimate L;, in Canada.



4. Results

4.1 Insurance penetration

According to Statistics Canada (2024b), Canada had 16.8 million private dwellings, 4.5 million
business establishments, and 25.7 million registered vehicles in 2023. Figure 3 shows the number of
insured personal-lines risks by peril, according to CatlQ, as a fraction of private dwellings (2023
nationwide average penetration factor ;). Figure 4 shows insured commercial-lines risks by peril,
according to CatlQ, as a fraction of business establishments (2023 nationwide average penetration
factor F,). And Figure 5 shows the number of insured auto risks by peril, according to CatlQ, as a
fraction of registered vehicles (2023 nationwide average penetration factor F;).

Figure 3. Personal lines insurance penetration in 2023: Figure 4. Commercial lines insurance penetration in 2023:
number of risks as a fraction of private dwellings number of risks as a fraction of 4.5 million businesses
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4.2 Inflation Figure 6. Inflating past-year catastrophe losses to

Recall that CatlQ reports losses in then-year dollars. To present 2025 currency

past-year losses in constant dollars, we inflate past-year past 30
losses by the ratio of today’s consumer price index to its value F
in the year of the catastrophe. That ratio is denoted by F,.

The father back in time, the greater that ratio, and the more one
must factor up past losses to reflect its value in constant dollars.
Thus, the inflation factor F, generally decreases in later years.
Figure 6 presents that factor relative to 2025 CAD.

4.3 Loss estimates

Inflation factor F,

Table 6 shows a few sample records in the resulting database.
Catastrophe identifiers and names are redacted to protect
CatlQ’s intellectual property.

Figure 7 shows the annual total losses before accounting for
inflation, for catastrophes between 2008 and 2023. (CatlQ
exposure data for 2024 was not yet available as of this writing.)

1985
1990
1995
2000
2005
2010
2015
2020

Figure 8 shows the estimated loss history inflated to 2025 CAD,
with the contributions from insurance and uninsured losses.

Figure 9 shows the estimated loss history inflated to 2025 CAD, with the contributions of all the
losses categories and a trendline fitting the annual totals. The trendline suggests a 9.37% annual
increase in catastrophe losses in constant. Annual losses vary significantly between years, but a trend
appears to exist. (More precisely, one can reject the null hypothesis that no trend exists at the 1%
significance level.)

Figure 10 shows the contribution of loss categories to the 2008-2024 total. The majority of losses
(54%) come from personal property, about 60% of personal property losses are insured.

Table 6. First five catastrophes in the database, showing losses in millions of 2024 CAD by
loss category

Catastrophe Insured Insured Uninsured | Uninsured | Uninsured | Casualties | IndirectBl | Carbon Util. & Total
personal auto personal comm. auto transp.

Redacted Redacted | $88.4 $146 | $8.0 $9.8 $7.5 $1.2 $12.9 $5.2 $6.5 $154
Redacted Redacted | $108.9 | $12.8 | $122.9 | $6.9 $8.9 $2.5 $0.0 $26.3 $10.5 | $13.1 $313
Redacted Redacted | $27.0 $5.8 $11.0 | $4.8 $0.1 $0.1 $0.0 $4.9 $1.9 $2.4 $58
Redacted Redacted | $47.1 $4.5 $21.0 | $2.0 $0.0 $2.9 $0.0 $7.8 $3.1 $3.9 $92
Redacted Redacted | $50.6 $17.5 | %45 $15.1 $7.9 $0.9 $0.0 $9.6 $3.9 $4.8 $115
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Total losses (Current CAD)

Total losses (billion 2025 CAD)

Figure 7. Annual loss totals in current (then-year) CAD
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Figure 9. Annual loss totals by loss category
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Figure 8. Insured and uninsured property and time-
element losses in 2025 CAD (excluding casualties,
carbon, etc.)
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Figure 10. Contribution of each loss category to total
losses between 2008-2024
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Figure 11 shows the insurance protection gap over time: the dark
blue (bottom) area indicates annual total insured property losses
(L; + L, + Ls) as a fraction of total loss (L; + L, + ... L) by year
from 2016 to 2024. The light blue (middle) shows the annual total
uninsured property loss (L, + Ls + Lg) as a fraction of the total.

The gray (top) area shows other losses (L, + Lg+ Lo+ L;p) as a
fraction of the total. Sufficient data are unavailable prior to 2016
to show the earlier trend. Year-to-year variability reflects the mix,
sizes, and locations of disasters that year, but the chart appears to
show a diminishing insurance protection gap over the last 8 years.

Fraction of total loss

Figure 11. Insurance protection gap 2016 through 2024
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Figure 12. Insured and uninsured losses for top 4 provinces according to total losses
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Figure 12 shows the estimated insured and uninsured losses, adjusted to 2025 CAD, for the four
provinces with the highest losses in the available years. Alberta incurred the largest losses, exceeding
45 billion CAD, followed by Ontario, New Brunswick, and Quebec, with losses of approximately

32 billion, 8 billion, and 6 billion CAD, respectively.

Figure 13 presents insured losses by peril from 2008 to 2024. Floods were the costliest, exceeding
30 billion CAD, followed by hail (20 billion CAD) and fire (8 billion CAD). All other perils together

accounted for 5 billion CAD.

Figure 13. Insured losses by peril
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4.4 Verification and validation

Our estimates of insured losses since 2008 agree with those of the Insurance Bureau of Canada (IBC),
mostly because they derive from the same sources.

Our 10-year total insured loss between 2015 and 2024 ($33.5 billion CAD, equivalent to $24.3 billion
USD at September 2025 exchange rates) agrees with that of Swiss Re ($25 billion USD; Bevere 2025).
We also estimate approximately the same insurance protection gap: Swiss Re estimates that 37% of
loss between 2015 and 2024 was uninsured. We estimated 39%. Similarly, Impact Forecasting (Lorinc
2025) estimated total economic losses from natural disasters of approximately $53 billion (2025 USD,
about $71 billion CAD) for the same period 2015-2024. We estimated $60 billion, a difference of
about 15%, which seems reasonably close.

We note the similarity between the trends observed here and in the United States (Smith et al. 2013).
There too, catastrophe losses are increasing much faster than population, gross domestic product,
and construction investment. Since the two time series share no common geography or data sources,
the similarities between them suggest a real underlying physical phenomenon. They seem to share a
common problem, perhaps with common solutions.

We considered the exponential trendline fit to the loss totals. We tested the null hypotheses that no
trend actually exists and that the apparent trend could be explained by random chance. But the
coefficient of determination for the fitted curve, R?, took on a value of 0.41. With 42 observations
(1983, 1984, ... 2024), the chance that no trend exists is less than 1%. That is, we can reject the null
hypothesis with high confidence.

We thought about the change in data-collection procedures in 2008, when the IBC data end and the
CatlQ data begin. We fit exponential curves to the two separate eras: 1983 through 2007, and 2008
through 2024. The coefficients of determination for the two periods differ significantly. The R? value
for the IBC era (1983 through 2007) is about 0.06. It jumps to 0.36 in the CatlQ era (2008 through
2024). The change could reflect greater consistency in CatlQ’s data collection. That is, there is less
difference between the actual insured losses and the reported total.

By itself, the IBC dataset fails the equal-tails test of the null hypothesis (that no trend exists) at the
5% significance level. The CatlQ dataset passes: we can reject the hypothesis that no trend exists at
the 1% significance level. But the failure of the IBC-era data to pass the same test is less concerning.
Why? Because these are not two distinct data sets. Both reflect a single observable phenomenon:
insured losses from catastrophes in Canada. They merely reflect two distinct methods of observing
the phenomenon.
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5. Summary

5.1 Summary of methods

We present and exercise a methodology to estimate Canadian catastrophe losses in constant dollars
(i.e., after accounting for inflation).

We base insured losses on values reported by the Insurance Bureau of Canada (2023) through 2007,
and on values reported by Catastrophe Indices and Quantification Inc. (2024) since 2008.

We estimate personal lines insurance penetration as the ratio of CatlQ number of personal property
policies to Statistics Canada counts of total private dwellings, varying penetration rate by peril. We
estimate commercial lines penetration rates by the ratio of CatlQ number of commercial policies to
Statistics Canada total business establishments. And we estimate auto insurance penetration rates as
the ratio of CatlQ auto policies to Statistics Canada counts of vehicle registrations. Insurance
penetration rates account for the perils contributing to each catastrophe and for province or territory.
We then estimate uninsured losses using insured losses and penetration rates.

We assign monetary values to casualties using life-safety impacts recorded in the Canadian Disaster
Database, and federal government’s acceptable costs to avoid statistical fatalities.

We assign monetary value to the externalized cost of carbon involved in property repairs. To do so,
we estimate the social cost of carbon involved in the replacement of an average building and its
contents. We scale by the property losses as a multiple of the replacement cost of an average building
and its contents.

We estimate indirect business interruption costs and the cost to repair utilities and transportation
infrastructure based on property losses times appropriate ratios derived from a major US study.

We calculate losses by province or territory and sum to the nation.

The method resembles that of Smith and Katz (2013) for the US National Oceanic and Atmospheric
Administration. We account differently for uninsured losses to private property, uninsured additional
living expenses and business interruption, and life-safety losses.

5.2 Summary of results

In this initial work, we exercise the methodology for losses between 1983 and 2024, inclusively. Total
societal losses currently average $9.2 billion per year, in 2025 CAD. For scale, this figure equates with:

e 2.2 times average annual insured loss ($4.2 billion per year in the period 2020 to 2024)

* 3% of annual construction spending (about $270 billion per year; Statistics Canada 2025a), or
about 2 weeks of construction spending lost per year.

e 1.3 times the $7 billion 2024 federal budget for childcare (Library of Parliament 2024).
® 20% of GDP growth ($46 billion CAD in 2024; Data Commons 2025)

The majority of the loss (54%) is attributable to the loss of personal property, about half of which is
uninsured. Half the rest (23%) is attributable to commercial property, and the balance derives from
indirect business interruption (8%), auto losses (7 %), utilities and transportation infrastructure repairs
(4%), embodied carbon involved in repairs (3%), and the cost of deaths and injuries (1%).
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Total societal loss appears to increase by about 9.3% per year in constant dollars. For scale, this
growth rate equates with:

® 9 times population growth (1.1% per year, Statistics Canada 2024a)

e 5 times real gross domestic product growth (2.0% per year, Statistics Canada 2025b, adjusted for
inflation using Statistics Canada 2024f)

e 3 times real construction spending growth (3.4% per year, Statistics Canada 2025a)

Let us briefly reflect on the long-term trends. As a fraction of annual construction spending, total
societal loss is increasing 5.7% per year. That means that it doubles approximately every 12.7 years
and quadruples every 25 years. Thus, at current long-term trend rates, in 2038, natural disasters will
erase one month of construction spending per year. In 2050, one generation from now, natural
disasters will cost the equivalent of two months of construction spending. And so on. Such losses are
unsustainable.

5.3 Limitations

All studies are limited. Among the limitations to the present study, we recognize the following.

1. We ignore many notable types of catastrophe: heat waves, shipwrecks, train disasters, airline
crashes, diseases, and shootings.

2. Measuring catastrophes in monetary loss emphasizes disasters that affect wealthier communities,
while human suffering tends to be greater in poorer communities.

3. The methodology relies heavily on the CatlQ insurance loss database. We have not attempted to
check our results using independent measures of loss.

4. We extrapolate penetration rates before 2016 using 2016 estimates. This will tend to underestimate
flood losses before 2016. This is especially true in Calgary and Toronto floods of 2013, which
highlighted low penetration rates for flood insurance.

5. We have not accounted for all sources of loss. Some obvious omissions include:

® Property loss below deductibles and in excess of sublimits

e Displacement and the resulting loss of culture and community

e Psychological trauma

e Pets and mementos

e Underinsurance: the potential that limits of liability underestimate replacement costs

e Agricultural losses

e Deaths and injuries caused by domestic violence in distressed families; homelessness; smoke;
and others not reflected in the Canadian Disaster Database

6. We have not attempted to quantify uncertainties. Some notable uncertainties include:

e The distribution of losses in each catastrophe by peril, which causes insurance penetration
rates to be uncertain and thus uninsured losses
e The distribution of nonfatality injury severities

7. Indirect business interruption, which might be very different if one calculated it by input-output
analysis or computable general equilibrium.
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8.
9.

10.

We made no attempt to consider the potential benefits of disaster mitigation.

We do not vary the general methodology for special cases where more is known about the
distribution of losses. For example, the 2021 Pacific Northwest floods heavily damaged highways,
railways, and other utilities and transportation infrastructure. Public Safety Canada (2025c)
reports “Public Safety Canada provided over $1 billion in advance payments to British Columbia
for the November 2021 rainstorm event through the DFAA,” greatly exceeding the simple factor
F,, used for that event. However, we are unaware of any accessible, detailed accounting for those
DFAA expenses, or for DFAA expenditures in general. It might be worthwhile to guess at actual
expenditures when they most likely exceeded the amount implied by F;,. But to do so is to trade
one weakness (a likely underestimate) for three: inconsistency, guesswork, and additional effort.
For the initial version of this methodology, we opt for one.

There is some double-counting of embodied carbon. Since 2019, every province and territory
has had an industrial carbon pricing system. The systems vary between provinces and over time.
Thus, some of the carbon costs reflected here may already be reflected in the prices of repair
materials after 2019.
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