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Executive Summary

Many kinds of climate adaptation measures save more money than they cost. The benefits can
accrue to the building owner, insurers, real estate agents, lenders, mortgage insurers, and
government. The benefits come in the form of avoided future property repairs, increased resale value,
reduced chance of mortgage distress, avoided debris management costs, and higher tax revenues.
This study presents the costs and benefits of four climate adaptation measures for Alberta homes.

Table ES-1 presents the long-term average benefit of installing class-4 impact-resistant asphalt
shingles on a roof of an average 167 m2 (1800 ft2) house, at an additional cost of $3,600 (2024 CAD).
The figures in the table may give an appearance of excessive accuracy. Figures are probably only
accurate within £50% or so.

Table ES-2 presents the long-term average benefit of correcting side grading and adding a battery
backup sump pump and sewer backflow valve to reduce risk of basement flooding at places other
than near rivers, at a cost of approximately $3,300. Benefits are probably only accurate within
+50% or so. The cost can be even more uncertain depending on the location of the sewer lateral
and the amount of side grading that must be corrected.

Table ES-3 presents the long-term average benefit of adding a micro heat pump to a home without a
previous air-cooling device at a cost of approximately $1,000 to $2,000 to cool 65 m2 (700 ft2).

Table ES-4 presents the long-term average benefit of improving air filtration in a previously
unprotected home, either with a $2,000 air filtration system or a $6,000 HVAC system.

Table ES-1. Recap benefits of installing impact-resistant shingles on an average house

Influence group Calgary Edmonton  Source

Society $12,200 $3,100 | Avoided future property repair costs

Homeowner at time of sale $7,200 $1,800 | Increased resale value

Seller's real estate agent $140 $35 | Increased resale value

Buyer’s real estate agent $140 $35 | Increased resale value

First property insurer $2,300 $600 | Avoided future property repair costs,
after tax

Later property insurers $2,700 $680 | Avoided future property repair costs,
after tax

Lender and mortgage insurer $0 $0 | Avoided mortgage distress risk

Municipal government $830 $210 | Avoided debris disposal cost

Provincial government $320 $80 | Avoided tax revenue loss

Federal government $2,400 $610 | Avoided tax revenue loss




Table ES-2. Recap benefits of side grading, battery backup sump pump, and sewer backflow
valve for an average house

Influence group Either city = Source

Society $7,000 | Avoided future property repair costs
Homeowner at time of sale $5,470 | Increased resale value

Seller’s real estate agent $110 | Increased resale value

Buyer’s real estate agent $110 | Increased resale value

First property insurer $1,600 | Avoided future property repair costs, after tax
Later property insurers $1,500 | Avoided future property repair costs, after tax
Lender and mortgage insurer $0 | Avoided mortgage distress risk

Municipal government $7,000 | Avoided liability, in case of successful lawsuits
Provincial government $180 | Avoided tax revenue loss

Federal government $1,400 | Avoided tax revenue loss

Table ES-3. Recap benefits of adding a micro heat pump to a previously unprotected home

Influence group Either city  Source

Society $147,000 | Avoided deaths and injuries
Homeowner at time of sale $5,900 | Increased resale value
Seller’s real estate agent $120 | Increased resale value
Buyer’s real estate agent $120 | Increased resale value

First property insurer $0 | None apparent

Later property insurers $0 | None apparent

Lender and mortgage insurer $0 | None apparent

Municipal government $0 | None apparent

Provincial government $15,000 | Avoided deaths and injuries
Federal government $132,000 | Avoided deaths and injuries

Table ES-4. Recap benefits of improved air filtration in a previously unprotected home

Influence group Either city  Source

Society $120,000 | Avoided deaths and injuries
Homeowner at time of sale $5,900 | Increased resale value (central air)
Seller’s real estate agent $120 | Increased resale value (central air)
Buyer’s real estate agent $120 | Increased resale value (central air)
First property insurer $0 | None apparent

Later property insurers $0 | None apparent

Lender and mortgage insurer $0 | None apparent

Municipal government $0 | None apparent

Provincial government $12,000 | Avoided deaths and injuries
Federal government $108,000 | Avoided deaths and injuries

N



1. Overview

This document presents a benefit-cost analysis of climate adaptation actions recommended for the
Alberta Climate Ready Homes project. We present four benefit-cost analyses, one for each hazard
that the project addresses: (1) hail, (2) flood, (3) heat, and (4) wildfire smoke.

When applied to disaster adaptation, a benefit-cost analysis estimates the benefits as the expected
present value of avoided future losses, divided by the cost required to implement the adaptation
actions. That is, benefits reflect the present value of the future losses that one could expect without
mitigation, minus the present value of the future losses that one could expect after taking the
adaptation action. One usually tries to reflect as many categories of benefit as possible, including
property repair costs, life-safety impacts, loss of function, plus any others that seem likely to be
substantial, such as environmental impacts. The cost is usually the present value of the certain
up-front investment required to take the adaptation action. If the benefits exceed the costs, the ratio
of benefits to costs (the benefit-cost ratio) is greater than 1.0. The higher the benefit-cost ratio, the
more desirable the action.

This benefit-cost analysis adds an unusual feature: it distinguishes the benefits that accrue to each of
several influence groups. Influence groups that understand how they benefit from climate-ready
homes, and how much, are more likely to participate in a multilateral incentive program. For present
purposes, we categorize influence groups as shown in Table 1.

Table 1. Influence groups considered here

Influence group Why

Owner Decides whether to invest

Real estate agents Advises seller & buyer; benefits from increase market value

Property insurers Benefits from lower property repair risk; power to build back better;

can reflect lower risk in premiums; advises policyholder

Lender and mortgage insurer | Benefits from lower mortgage distress risk; can encourage retail
lenders to incentivize adaptation through higher mortgage-backed
security price; power to promote resilience through policy advocacy

Municipality Benefits from lower liability from sewer backflow; benefits from
reduced debris burden in landfill; can offer adaptation grants and
rebates; can advise homeowners

Province Benefits from tax stability; duty to protect life; can offer adaptation
grants and rebates; can advise homeowners (e.g., Alberta
Emergency Management)

Federal government Benefits from tax stability; duty to protect life; can offer adaptation
grants and rebates; can advise provinces (e.g., Public Safety
Canada, Canada Revenue Agency)

Broader community Many have social benefit missions; can offer advice and social proof
at community events (e.g., Community Networks and Hubs,
Canadian Public Health Association)

Chapter 2 gives a general methodology for performing a benefit-cost analysis. Chapters 3 through 6
each presents a benefit-cost analysis for one hazard. Chapter 7 presents references cited.



2. Methodology

2.1 Expected annualized loss

Let EAL denote the expected annualized loss under as-is conditions, that is, the long-term average
yearly loss to some asset or set of assets from some hazard at some location. Recall that the high-level
risk assessment (Institute for Catastrophic Loss Reduction 2024) presents methods to calculate expected
annualized loss per capita for the hazards considered here. In some cases, one might not have EAL
already calculated, but may instead have the frequency G with which losses occur and the average
severity of the loss when it does occur, L. In that case, one can calculate EAL using equation (1).

EAL=G-L (1

EAL = expected annualized loss under as-is conditions

G annual frequency with which a loss occurs

L = average loss severity when a loss occurs

Let EAL" denote the expected annualized loss under improved conditions. There are at least three
ways to calculate EAL":

1. If one has empirical evidence of a scalar factor F; by which the adaptation measure reduces loss,
or a prior analytical model that provides F;, use equation (2).

2. Lacking both empirical evidence and a prior model of F;, and given sufficient resources to create
a new analytical model (i.e., a mathematical model that uses first principles), use equation (3).

3. Lacking both empirical evidence and sufficient resources to create a model, one can guess or
judge the value of F; and use equation (2).

EAL' = F, - EAL )

EAL'=V-y' -G (3)

F, = loss-reduction factor, a scalar by which the adaptation measure reduces loss. E.g., if the
adaptation measure reduces loss to 10% of what the loss would be without the adaptation
measure, then £, = 0.1. The factor will vary by application; we cannot present a generic
equation for F;.

V' = value of the asset exposed to loss, e.g., the replacement cost of a roof.

y' = mean damage factor under mitigated conditions, meaning the average loss (to a beneficiary,
co-beneficiary, or all of society) as a fraction of asset value exposed to loss, when loss is not
described as a function of the severity of the hazard, e.g., the mean roof repair cost given
the occurrence of a hailstorm, as a fraction of the replacement cost of the new roof.
Methods to calculate y’ vary by the application; we cannot present a generic equation for y'.



We can draw on the high-level risk assessments for some EAL estimates, but we must be careful to
use a consistent frame of reference. The high-level risk assessments for heat waves and wildfire
smoke assigned per-capita and citywide total expected annualized losses using estimates of deaths
and injuries per 100,000 person-days of heat waves or of wildfire smoke days. Their frame of
reference was the entire city — all the homes, workplaces, and other spaces where heat or smoke kills
or injures people. But those deaths and injuries probably do not occur in places with adequate
protection: air conditioners or micro heat pumps for heat, good air seal and filters for wildfire smoke.
The EAL needed here is the expected annualized life safety loss in a place that lacks air conditioners
or a micro heat pump.

We estimate EAL using equation (4).

NgLe+NpL
EAL=R-0- Qrirtints) (4)
(100,000-P)
EAL = per-household expected annualized loss
R = average rate of life-threatening events (e.g., annual heat days or annual wildfire smoke days),
e.g., per the high-level risk assessment at the mid-life of the adaptation
= 14.4 heat days per year
= 1.125 smoke days/year
O = average occupancy of homes lacking protection (e.g., without air conditioning or air seals

and filters)
= 2.6 people per household (Statistics Canada 2023a)

N; = fatalities per 100,000 person-days, e.g., per the high-level risk assessment
= 1.0 for heat
= 0.624 for smoke

N, = hospitalized injuries per 100,000 person-days, per the high-level risk assessment
= 15 for heat
= 2.6 for smoke

L; = acceptable regulatory cost to avoid one statistical fatality, the death of one unknown person
among a population at an unknown time the future. The Government of Canada suggests
using Ls = $6.5 million in 2009 Canadian dollars (Chestnut and De Civita 2009). In 2024
Canadian dollars using the Consumer Price Index (Statistics Canada 2024a),
= $9.2 million (2024 CAD)

L, = acceptable regulatory cost to avoid a hospitalized injury, that is, a life-threatening injury
requiring hospitalization suffered by an unknown person at an unknown time in the future.
The Government of Canada (2023) does not offer L, but the Federal Aviation Administration
(2022) suggests that in the US, the value of avoiding a statistical hospitalized injury is about
0.4 times the value of avoiding a statistical fatality. Thus, using the US factor of 0.4 and the
Canadian value of L, L, =0.4 x Ly= 0.4 x $9.2 million. This values one hospitalized injury as
the geometric mean of the values for abbreviated injury severities 4 and 5, as defined by the
Association for the Advancement of Automotive Medicine (2001).

= $3.7 million (2024 CAD)

P = fraction of homes that lack protection (e.g., no air conditioners, poor air filtration)
= 50% of Alberta homes lack air conditioners (Quick and Tjepkema 2023, Figure 1)
= 5% of Alberta homes have fair or poor indoor air quality (Statistics Canada 2025)



2.2 Societal benefit from avoided future property repair costs

In this section, let us consider the benefit solely in terms of avoided future property repair costs,
ignoring other benefits such as increase in the home resale value and avoided impacts to the broader
economy through the loss of productive investment.

For a stakeholder with a constant share f in the benefit (or to society as a whole), we estimate the
benefit of an adaptation measure B as in equation (5) (e.g., Newnan et al. 2006) and the benefit-cost
ratio BCR using equation (6).

—f. —EALD - (D=L
B = f - (EAL — EAL') (r(m)t) (5)
BCR =7 (6)
r = discount rate, a measure of the time value of money such as the after-inflation interest rate

charged by lenders to borrow money, the insurer’s cost of capital (approximately 6.1%,
Chen et al. 2016), or the social discount rate (3%, Treasury Board of Canada 2022)

~
1l

effectiveness duration of the adaptation measure, e.g., the remaining life of a building

(@)
1l

cost of the adaptation measure

2.3 Benefit to home sellers, real estate agents, and federal government through
increased property resale value

In this section, let us assume that the homeowner carries property insurance and that all property
repair costs are borne by the insurers. We focus here instead on how home sellers and real estate
agents benefit from adaptation when the adaptation measure increases the resale value of the asset.

Evidence from the United States suggests that people pay more for homes with adaptation measures

in places where the perceived risk is high. See Table 2.

Table 2. Evidence of the increase on resale value of a home with an adaptation feature in
locations with perceived high hazard

Adaptation measure Value increase  Reference

Tornado shelters in Oklahoma City 4% Simmons and Sutter (2007)

Storm shutters in Gulf homes 4% - 5% Simmons and Kruse (2000), Simmons et
al. (2002)

Immediate occupancy seismic design $3/square foot | Porter (2018)

Greater resistance to a variety of perils | $5,000 Home Innovation Research Labs (2019)

- $25,000
Seismic retrofit of older California 17% Porter et al. (2022)
homes

FORTIFIED Home Hurricane certification | 5% to 17% Awondo et al. (2023)




The phenomenon extends to Canada. In numerous real estate listings in Alberta (mostly in Calgary,
though a few appear in Edmonton), the seller's agent notes impact-resistant roofing or the presence
of enhanced basement flood protection measures. Agents mention features that they believe add
value to the home. See Figure 1 for examples.

Figure 1. Three example home listing from Alberta that mention hail or flood resilience features

FOR SALE - ACTIVE

I C:igary, AB T2Y OE3

$669,900 3 3.5 1,627
Price Beds Baths Sq Ft
About this home

ENGINEERED HARDWOOD FLOORING CENTRALIZED AIR CONDITIONING WATER SOFTENER SYSTEM

FULLY FINISHED BASEMENT STAINLESS STEEL APPLIANCES QUARTZ COUNTERTOPS

Welcome to this beautifully maintained 3-bedroom home, offering 2,461 sq. ft. of finished
living space in the family-friendly community of Bridlewood. This property combines
modern finishes with thoughtful upgrades, making it ideal for those seeking both comfort
and convenience. The main floor features stunning engineered hardwood flooring, creating
a warm and inviting atmosphere. Upstairs, you'll find 3 spacious bedrooms, while the fully
finished basement provides additional living space, perfect for recreation or relaxation. The
kitchen is a true chef's delight, equipped with sleek quartz countertops, stainless steel
appliances, and abundant storage. Designed for year-round comfort, the home includes
centralized air conditioning and a water softener system. For added durability, the roof is
fitted with hail-resistant shingles. The double attached garage provides both convenience
and ample storage space. Located just minutes from scheols, public transportation, grocery
etnrace hanke ractairante ~nffan chane and nthor amonitiae thie hama affare tha narfart

FOR SALE - ACTIVE —
. :conton, AB TSP 1K1
$479,000 5 25 1,308
Price Beds Baths Sq Ft
About this home

Welcome to this 1,309 sq ft - 5 bedroom bungalow in the sought-after Crestwood
neighborhood. The main floor offers a practical layout with 3 bedrooms, a formal dinette
and a cozy living room. The kitchen overlooks your massive backyard where you could
watch the kids play. It also features Kitchen Craft cabinets and newer appliances. A 4-piece
bathroom completes the main level. Recent updates include hail-resistant shingles (2020),
updated stucco, capped windows, and new exterior doors. The basement provides 2
additional bedrooms, with the added flexibility of a second kitchen, 3-piece bath, and a
separate entrance. Additional highlights include vinyl plank flooring, a newer hot water tank,

twin fiirnarae hrand-naw rancrata walkuave with handiran arrace and 2 now fanra Tha

FOR SALE - ACTIVE

. C:io:ry, AB T2M OP3

$499,575 1 1 968
Price Bed Bath Sq Ft

About this home

OPEN FLOOR PLAN LEGAL EGRESS WINDOW 8 FOOT CEILINGS M-C12 ZONING

Fabulous location with walking distance to everything!!!1.5 story house full of character and
charm. Open floor plan on main and upper . 8 foot ceilings on main and basement level
helps to make this home open and bright. Ideal for individuals or couple looking te find that
perfect inner city home to renovate and add onto over time. In the full concrete basement is
a family room, storage area, utility/laundry room plus a large room that could be used as a
den, or second bedroom with the installation of a legal egress window. Home has updated
electrical, plumbing, new city sewer tie in. Backflow valve and sump pump. Wenderful
opportunity to create your own haven close to all amenities in this move in ready home.




What do these changes to sale price mean for the commission received by the real estate agents
involved in the transaction? Considering an average Alberta home, which currently sells for $494,000
(WOWA .ca 2024), for every $100 of increase in resale value, the seller receives $96 (i.e., 96%), the
seller's agent receives $1.90 (1.9%), the buyer's agent receives $1.90 (1.9%), and the federal
government receives $0.20 (0.2%).

Where the increase in home price is estimated as a dollar amount D, the real estate agents each get
benefit B,, the seller gets benefit B,, and the federal government gets benefit B;, per equations (7),
(8) and (9), respectively.

B; =0.019-D (7)
B, =096-D (8)
B; =0.002-D 9)
Where
D = increase in home price in dollars

2.4 Benefit to the first insurer

Note that different stakeholders have shares in the loss. For insurers, EAL is nonconstant and varies
over time. An insurer that writes an insurance policy today generally has a less than a 100% chance
of insuring the same property next year, because the policyholder might not renew the policy.

The chance that the insurer underwrites the policy again next year is referred to as the retention rate.

For the first insurer with a chance of policy renewal of n every year the benefit of an adaptation
measure B is given by equation (10). See, e.g., Newnan et al. (2006).

—(1—2)- _EALN - [Fran™
B=(1-x)- (EAL — EAL") [ —r] (10)
Where
x = the insurer’s tax rate. Since expenditures to pay for repairs reduce corporate income, they also

reduce corporate income tax, so the loss is allocated between the insurer, the provincial
government, and the federal government. The federal share is about 38%, the provincial,
about 5% (Anggadol 2024, Munro and Fuss 2023). Thus, x is the sum of these:

0.43.

n = retention rate. When referring to Newnan et al. (2006), substitute n = g + 1, or equivalently
g=n-1.E.g., for a 90% retention rate, the Newnan et al. (2006) growth rate g = -0.10.

—~+
1]

life of the investment, e.g., the life of a new roof or of a basement flood protection feature.

_;
Il

insurer after-inflation cost of equity, e.g., Chen et al. (2016) median:
0.06061



2.5 Benefit to later insurers

What about later insurers? The second insurer begins to benefit from an adaptation measure at an
uncertain time in the future: it could be the next year, or the year after, etc. The author is unaware of
a closed-form equation to calculate the present value of an annuity if the initial year is at an uncertain
time in the future. However, one can calculate the benefit to all future insurers after the first, as the
difference between the benefits under equations (5) and (10) again with x = 0.43. Equation (11)
provides this estimate of the benefit to later insurers.

B =(1-x)- (BAL - EAL)- [($251) - (Fnien)] (11)
One can calculate the benefit to each subsequent insurer separately. Without showing math, it turns
out that with a common insurer retention rate around 90% and an insurer cost of capital of about
0.061, the first insurer enjoys about half the total adaptation benefit, the second insurer enjoys
slightly more than Vath, the third slightly more than '&th, and so on. Each subsequent insurer enjoys
about half the remaining benefit.

2.6 Benefit to the lender and mortgage insurer (basement flood only)

Large uninsured losses can cause homeowners financial distress, threatening their ability to pay their
mortgage. Among the hazards considered here, only basement flooding has a low insurance take-up
rate where it is needed the most. At least under current insurance practices and take up, only
basement flooding seems likely to cause a large uninsured loss.

Canadian lenders have various mechanisms to mitigate the risks associated with mortgage distress,
but Bank of Canada (2024) indicates that because of higher interest rates, “some smaller

mortgage lenders have seen a sharp uptick in credit arrears.” As of the second quarter of 2024,
about $7.1 billion of non-bank mortgages were in arrears, with about $1.2 billion at least 90 days in
arrears (Canada Mortgage and Housing Corporation 2024).

Non-bank mortgages represent about 19% of all mortgages, suggesting that approximately
$37 billion in mortgages from all kinds of lenders are in arrears, which is about 2% of the total
outstanding loan value of $2.02 trillion (Canada Mortgage and Housing Corporation 2024).
Figure 2 shows that this figure has been stable over the last 5 years.



Figure 2. Long-term trend in mortgage arrears. Chart shows the percent of loans in arrears by
arrears length, based on a survey of non-bank mortgage lenders, who jointly represent 19%
of the market (Canada Mortgage and Housing Corporation 2024)
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Why do arrears matter? “Arrears” mean revenue delays, reduced interest income to the mortgage
holder, that means the Canada Housing Trust (no date), which purchases mortgages from banks and
credit unions in the form of National Housing Act mortgage-backed securities. Severely delayed
mortgage payments can cause losses to the Canada Housing Trust in the form of collection costs,
legal fees, and in case of foreclosure, difficulty recovering any shortfall between the sale price and the
mortgage balance, despite full recourse.

Thompson et al. (2023) write that because floods can cause uninsured homeowners’ severe financial
distress, floods increase rates of mortgage delinquency, particularly in areas with lower levels of flood
insurance uptake. How shall we estimate the loss to the Canada Housing Trust?

One can imagine a low-end and a high-end case of mortgage distress: (1) a few months of arrears
while the borrower finds the funds to undertake repairs, and (2) severe distress leading to mortgage
default, where the lender forecloses on the house.

Thompson et al. (2023) model the U.S. context. Unlike the United States, where one can declare
bankruptcy and escape from a mortgage, Canadian lenders have full recourse. Even if the lender
must foreclose on the house and sell it, the borrower is still responsible for any shortfall between the
loan balance and the sale price of the house. To recover that shortfall the lender can garnish wages
and seize tax refunds. However, a borrower who cannot make mortgage payments may also be
unable to make tax payments. Liens for tax collection take precedence over mortgage payments,
which means that full recourse does not necessarily guarantee the lender is made whole.

To estimate something near the low end of loss to the lender, let us assume that a borrower with
little or no equity (i.e., with a high loan-to-value ratio in excess of 0.95) whose home is damaged
by a costly uninsured natural hazard such as a basement flood will experience loan distress causing
n = 4 months of payment arrears before the borrower fully catches up. The lender or mortgage
insurer experiences the loss of interest on n months of payments, plus some additional modest loss
associated with administration and opportunity costs.



First, let us calculate some initial input parameters:

Po

probability that an arbitrary Alberta homeowner experiences a basement flood given the
occurrence of an Alberta storm. Unpublished CatlQ data suggest that among homeowners
who have flood insurance, p, = 0.00166. However, Canada’s Task Force on Flood Insurance
and Relocation (2022) finds that the people who experience the most floods are the least
likely to have flood insurance: approximately 10% of homes experience 90% of the expected
damage. That is, in a population of 100 homes, 90 experience flooding with rate near

Poiow = 0.000185, while 10 experience flooding with rate near pgyg, = 0.015 (81 times the
rate of the low-risk properties), which leads to the following.

0.000185 (lower-risk properties, 90% of total, including most insured)

0.015 (higher-risk properties, 10% of the total, few insured)

0.00166 (on average)

probability of basement flood during the average remaining amortization period, using
eqguation (12). The right-hand side of the equation means, “the probability that a basement
will flood during time t is the probability that it will flood given the occurrence of a storm (p,)
times the probability that at least one storm will occur in time t (given by 1 — exp(-g-t)).

The latter probability is one minus the probability that no storms will occur in time t.

The probability that no storms will occur is given by the Poisson distribution with average rate
g-t evaluated at x = 0 events. The interested reader can find more information about the
Poisson distribution in most statistics textbooks, such as Ang and Tang (1975).

P1=po (1 —exp(—g-1)) (12)

rate at which severe storms occur causing basement flooding
22 storms/11 years (per the high-level risk assessment page 30)
2/year

average remaining amortization period

12.5 years (Bank of Canada 2024b)

Given g and t, it is virtually certain that an Alberta storm will occur during the remaining amortization
period, so the chance of at least one basement flood is approximately equal to the chance of a
basement flood given the occurrence of a storm, i.e., p; = p, = 0.015 (high-risk properties).

The lender or mortgage insurer is only at risk from borrowers who lack basement flood insurance. Let:

p, = probability that an arbitrary Alberta dwelling lacks basement flood insurance, from equation (13)
_ Mo~y (13)
P2 g
Where
ny = number of private dwellings in Alberta
= 1,633,220 (Statistics Canada 2023a)
n; = number of Alberta dwellings with basement flood insurance

1,430,330 (CatlQ unpublished data)

1M1



Given these values of n, and n;, the fraction of Alberta homeowners without basement flood
protection p, = 0.12.

Now let us calculate p;, the fraction of homeowners who will experience a basement flood during
their amortization period and lack basement flood insurance. This is the product of the probability
that an arbitrary Alberta homeowner will experience a basement flood during their remaining
amortization period and the probability that they lack basement flood protection (equation 14):

D3 =DP1 P2 (14)

From the foregoing p; = 0.00186, i.e., 1 in 540 homeowners at high risk to basement flooding will
experience an uninsured basement flood during their remaining amortization period.

Some fraction p, of these uninsured homeowners will experience mortgage distress because of the
uninsured loss. Let us take p, as bounded by one of these values:

(a) the fraction of homeowners whose loan to value ratio exceeds 0.95, that is, people with little if
any equity to draw on to perform repairs. In Canada in September 2024, approximately 2.76%
of outstanding mortgages had loan-to-value ratios above 95 percent (Bank of Canada 2025b
chart 2).

(b) Since the same people who lack basement flood insurance will tend to be the people with
the least home equity and be the ones more likely to experience loan distress for other reasons,
p4 could be much closer to 1.0.

This is a big range: 2.76% < p, < 100%. For the sake of offering a reasonable single answer, let us
take p, as the geometric mean of these two values, p, = 0.16. That is, 1 in 6 homeowners who lack
basement flood insurance and who experience a basement flood will experience loan distress.

Then the probability P that an arbitrary borrower in a high-flood-risk location will experience loan
distress because of an uninsured basement flood can be taken as the probability of an uninsured
basement flood p; times the probability of loan distress given an uninsured basement flood, p,
(equation 15):

P=ps ps (15)

Given the foregoing, P = 0.00029, i.e., 1 in 3,400 Albertans will experience loan distress during their
amortization period because of an uninsured basement flood (1 in 540) and limited wealth (1 in 6).

What is the loss to the lender or mortgage insurer if the borrower does experience loan distress?
The extremes seem to be:

(@) 1;: Loss of interest income from a few months’ delayed payment, in the case that the lender
manages to find the resources to perform repairs and catch up on their mortgage payments
(equation 16), or

(b) 1, The repair cost d; plus administrative costs d, for the foreclosure, assuming a loan-to-value
ratio above 95% (recalling that real estate broker fees cost on the order of 5%; equation 17).



ll=n2'v'1_r2 (16)

12 - d1 + dz (17)

Where

n, = number of months of delayed payment

4 months (assumed)

v = average monthly mortgage payment in Calgary and Edmonton
= $1,650 (Statista 2025).
r = average mortgage interest rate
= 0.06 (past 5 years; Bank of Canada 2025a)
d,; = average basement flood repair cost. We have two possible values: $19,000 from CatlQ claims

data nationwide, or $35,000, from CatlQ claims data in Alberta. Let us use the Alberta data

d, = foreclosure administrative costs
= $5,000 (a guess)

Then /; = $33 and /, = $40,000. For the sake of estimating a single value, let us take the lender or
mortgage insurer’s loss as the geometric mean of these two values (equation 18):

L=yl 1, (18)

So, I = $1,100. Considering that the loss can occur any time during the remaining amortization
period, the present value of the loss that the lender or mortgage insurer can expect, denoted by L,
is given by equation (19):

L=P-1.>% ——— (19)

¢ ~i=1 (1471)i-05

Given the very small value of P, L is very small, less than $1.00 for an arbitrary borrower at high

risk to flooding, and about $2.00 for an uninsured borrower at high risk to basement flooding.

The lender or mortgage insurer face negligible risk from mortgage distress from an arbitrary borrower
experiencing an uninsured basement flood.

We conclude that the main benefit lenders or mortgage insurers derive from incentivizing borrowers
to mitigate basement flooding is goodwill and possibly the fulfillment of a corporate sustainability
commitment.

13



2.7 Benefit to municipal government

Hail adaptation. Municipal governments sometimes pay for debris disposal after big hailstorms.
Debris from an 18-square roof (167 m2, 1800 ft2) of architectural asphalt shingles weighs
approximately 3.4 tonnes and fills a 30-yard bin (Dumpsters.com 2025). Calgary recently provided
debris disposal after the August 2024 hailstorm, at a cost of approximately $105 per tonne (Rice
2025). Then avoiding the loss of one roof saves the municipality $360, or about 7% of the roof
replacement cost of $5,300. Thus, the municipality that pays for debris removal and disposal enjoys
about 7% of the total societal benefit of adaptation.

Basement flood protection. Among the perils considered here, government liability seems only to
apply to sewer backup into private property. According to the Alberta Court of King’s Bench, section
530 of the Municipal Government Act (MGA) imposes “liability on municipalities for failing to keep
‘public works in, on or above the roads’ (which included the sewer in the present case) in a
reasonable state of repair... A court viewed a narrow diameter sewer line as ‘a defect in the original
design’ ... [that] can be considered to be ‘in a state of disrepair’.” (Throndson 2023). Consequently,
governments have been held liable in negligence for damage from storm sewers and sewer backup.
See for example McAree and Gardner (2013) and Boghosian (2018).

In the case of basement flood protection where the owner or insurer successfully sues the municipal
government or the municipality otherwise accepts responsibility, let us take the benefit of adaptation
for the municipality using equation (5) with f = 1.0. The fraction of EAL attributable to property
repairs is only about 90% of the loss (f = 0.9), but the municipality would likely carry some
administrative costs as well.

Increase in property value. Any adaptation measure that increases the assessed value of a home
increases the municipal and provincial property tax revenue. If the adaptation measure affects the
actual sale price but not the assessed value, it will not increase property tax revenues. Tax assessors
have assured the author that they do not consider resilience features such as impact-resistant roofing
or basement flood protection when assessing property value. These features do not rise to the level
of the physical condition and characteristics of property that tax assessors examine.

2.8 Benefit to provincial and federal governments
Adaptation measures save the provincial and federal government money under at least two conditions:
1. Reduced disaster response and recovery costs

2. Stable tax revenue

Hail. Hail adaptation confers monetary benefit to government in the form of stable tax revenues
through the fiscal multiplier, by which we mean the following. While every dollar spent by the insurer
to repair hail decreases their tax burden, it increases the taxable income of a roofer. One might think
that the tax revenue lost from reduced insurer revenue, reflected by x in equations (10) and (11), is
offset by increased tax revenue from roofers, so governments experience no difference in tax
revenue. But this is a mistake sometimes called the broken window fallacy. Every dollar spent to
recover from damage is lost to productive investments and therefore lost to growing the gross
domestic product (GDP). One dollar invested in the economy produces an additional $0.20 to $0.90
in GDP (Spilimbergo et al., 2009), depending on the type of investment, the state of the economy,
and other factors. The factor is called the fiscal multiplier.



The fiscal multiplier for business investments is about $0.65 (Office of the Parliamentary Budget
Officer 2024). Thus, $1 spent to repair damage rather than in productive business investments reduces
GDP by $1.65. Governments' share in that $0.65 of lost GDP is about 34.8% in lost tax revenue

(Van Dender et al. 2024). We allocate that lost tax revenue between the provincial and federal
governments in proportion to their corporate tax rates: 0.38/0.43 to Ottawa, 0.05/0.43 to Alberta.
Thus, the benefit of hail adaptation can be estimated using equation (5), with the province’s share f
calculated using equation (20) and the federal government’s share f calculated using equation (21).

f=M-T -7 (20)
d
f=M-T 2 21)

Where
M = fiscal multiplier for business investment measures (Office of the Parliamentary Budget
Officer 2024)
= 0.65
T = lost tax revenue per unit GDP (Van Dender et al. 2024)
= 0.348
p = provincial corporate tax rate
= 0.05
d = federal corporate tax rate
=0.38

Substituting these values into equations (20) and (21) produces

f = 0.026 for Alberta

0.20 for the federal government

In the case of basement flood protection, let us take the benefit of adaptation for the provincial and
federal governments using equation (5) with = 0.026 and f = 0.20, respectively as before, to account
for the money lost to productive investment and the resulting multiplier effect and tax revenues.

Heat and smoke. For heat and smoke, where adaptation mostly reduces loss of life and injuries, let us
allocate the value of avoided future deaths and injuries between provincial and federal governments in
approximately the same proportion that the Disaster Financial Assistance Arrangement allocates
recovery costs: approximately f= 0.1 to the province and f = 0.9 to the federal government.
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3. Hail Benefit-Cost Analysis

3.1 IR roofing societal benefits from avoided future property repair costs

Porter (2022) performed an extensive benefit-cost analysis of using impact-resistant asphalt shingles
across Canada. It modeled the damageability of shingles to various size hailstones using experimental
data. It used a recent nationwide hail frequency model to estimate the rate at which hailstorms occur.
It characterized hailstorm duration, the rate at which hailstones fall per square metre, and the size
distribution of hailstones using recent empirical studies. It modeled the added cost of impact-resistant
shingles based on surveys of building-supply retailers.

It found that any given spot in Calgary experiences an average of 2.35 hailstorms per year (only a
fraction of which cause damage). Any given Edmonton location experiences 0.60 hailstorms per year,
or about 25% of Calgary’s rate.

Porter (2022) estimated that the average unrated Calgary roof on a building of about 167 m?
(1,800 ft2) experiences an expected annualized loss of 2024 CAD $690 per year, while an impact-
resistant (IR4) roof experiences an expected annualized loss of $22 per year, i.e.,

EAL = expected annualized property repair cost, non-impact-resistant shingles
$690 in Calgary
$175 in Edmonton
EAL" = expected annualized property repair cost, impact-resistant shingles
$22 in Calgary
$6 in Edmonton

Let us take

r = 3%, an average cost of capital for private investment

t = life of a new roof. According to GC Roofing Company (2022),
= 27 years

By equations (5) and (6),
B = societal benefit
=$12,200 in Calgary
= $3,100 in Edmonton
It estimated that to replace unrated shingles with class-4 shingles at the end of their useful life

costs an additional 2022 CAD $3,400 for a roof with an area of 167 m2 (1,800 ft2). After accounting
for inflation,

C = $3,600 in 2024 CAD
BCR = benefit-cost ratio
= 3.4 in Calgary

= 0.9 in Edmonton

That is, if every non-impact-resistant asphalt shingle roof in Calgary were replaced with IR4 shingles at
the end of the roof's useful economic life, society would avoid a present value of $3.40 in future
losses per $1 of cost at the time the roof is replaced. In Edmonton, society saves about $0.90 in
avoided future repair costs per $1 of added up-front cost.

(Here, as elsewhere, benefit-cost ratios are uncertain. These estimates may be accurate within £50%,
i.e., in Calgary, BCR is probably between 2 and 5, in Edmonton, between 0.5 and 1.5.)

What are the costs and benefits to the various influence groups?



3.2 IR roofing’s added resale value to home sellers and real estate agents

Section 2.3 recaps published studies of US homeowners’ willingness to pay for resilience features.

Of these, only Home Innovation Research Labs (2019) addresses hail resistance. Its table C17 says that
among survey respondents who perceive that they live in a place with high or severe hail risk, 52% of
buyers are willing to pay at least 2019 USD $1,000 (2024 CAD $1,700) more for a house that
minimized damage from hail, and 25% would pay at least 2019 USD $7,500 (2024 CAD $12,800)
more. Since many homes receive multiple bids, the actual added sale price is somewhere between the
two figures, i.e., between $1,700 and $12,800 more.

We know that Canadians value impact-resistant roofs. Redfin and Zillow listings of homes for sale in
Calgary and Edmonton mention impact-resistant roofs as a selling feature. In a currently unpublished
survey by ICLR, we found that 60% to 80% of homeowners and home buyers are willing to invest in
greater hail resilience. About half are not confident about their home’s ability to withstand hail.
About an equal fraction, half, are willing to spend an extra $5,000 for a hail-resilient home. About
35% to 45% are willing to spend an extra $10,000. The median added value among those who
were willing to invest extra was $7,500.

As noted in section 2.3, these benefits mostly accrue in places where buyers perceive there to be high
risk. While a few home listings in Edmonton list impact-resistant shingles as a selling feature,
Edmonton experiences only 25% as many hailstorms as Calgary and Edmontonians seem less
concerned about hail. We are therefore less confident that the same benefits accrue in Edmonton.
Let us assume that the increase in resale value scales with the frequency of hailstorms.

Let us use the following values in equations (7), (8), and (9).

D = increase in home price as a fraction of home price without adaptation
=$7,500 in Calgary

B, = benefit to seller’s agent and to buyer’s agents, per equation (7)
= $140 in Calgary

B, = benefit to seller, per equation (8)
=$7,200 in Calgary

Bs = benefit to the federal government, per equation (9)

= $20in Calgary

So, for Edmonton,

D = increase in resale value
=$1,875
B, = benefit to seller’s agent and to buyer’s agents
= $35 in Edmonton
B, = benefit to seller
= $1,800 in Edmonton
Bs = benefit to the federal government through increased GST

=$5
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3.3 IR roofing benefit to the first insurer from reduced property repair costs

Let us use the following values in equation (10).

X = insurer tax rate
=043
n = insurer retention rate, i.e., the chance that a policyholder will renew the policy in any
given year
= 0.90

EAL = $690 in Calgary
$175 in Edmonton
EAL" = $22 in Calgary
$6 in Edmonton

r = insurer cost of equity, per Chen et al. (2016)
= 0.06061
t = life of a new roof. According to GC Roofing Company (2022),
= 27 years
B = benefit to the first insurer. Substituting the foregoing into equation (10),

$2,300 in Calgary
$600 in Edmonton

Note that if the insurer were to pay the entire price of upgrading a roof to impact-resistant shingles,
its cost is less than the $3,600 added price, because part of the cost is passed on to the provincial
and federal governments through reduced tax revenue. The upgrade would effectively cost the first
insurer 57% of the total cost, or $2,100.

3.4 IR roofing benefit to later insurers from reduced property repair costs

The same parameters used in section 3.3 apply here. Evaluating equation (11) yields

B = benefit to all later insurers
$2,700 in Calgary
$680 in Edmonton

As noted in section 2.5, properties get new property insurers over time. Whoever insures the property
after the first time the property gets a new insurer, that second insurer enjoys about half of the
$2,700 in benefit. The third insurer gets about Vath of the $2,700, etc.



3.5 IR roofing benefit to the lender and mortgage insurer

As discussed in section 2.6, it seems unlikely that mitigating roof damage significantly reduces monetary

risk to the lender or the mortgage insurer. The main benefit they derive from incentivizing borrowers to
mitigate roof damage is goodwill and fulfillment of a corporate sustainability commitment.

B = monetary benefit to the lender and mortgage insurer

$0

3.6 IR roofing benefit to municipal government

As noted in section 2.7, the municipality that pays for debris removal and disposal enjoys about 7%
of the total societal benefit of adaptation:

B = $830 in Calgary, municipal government (7% of $12,200)
$210 in Edmonton, municipal government (7% of $3,100)

3.7 IR roofing benefit to provincial and federal governments

As noted in section 2.8, we calculate the benefit to government with equation (5) using f = 0.03 for
the province and f = 0.20 for the federal government as discussed in section 2.8. Substituting,

B = government benefit through stable tax revenues
$320 in Calgary, provincial government
$80 in Edmonton, provincial government
$2,400 in Calgary, federal government

$610 in Edmonton, federal government

3.8 Recap benefits of impact-resistant shingles to influence groups

Table 3 recaps the estimated benefits of impact-resistant shingles to the influence groups
considered here.

Table 3. Recap benefits of impact-resistant shingles

Influence group Calgary Edmonton  Source

Society $12,200 $3,100 | Avoided future property repair costs

Homeowner at time of sale $7,200 $1,800 | Increased resale value

Seller’s real estate agent $140 $35 | Increased resale value

Buyer’s real estate agent $140 $35 | Increased resale value

First property insurer $2,300 $600 | Avoided future property repair costs,
after tax

Later property insurers $2,700 $680 | Avoided future property repair costs,
after tax

Lender and mortgage insurer $0 $0 | Avoided mortgage distress risk

Municipal government $830 $210 | Avoided debris disposal cost

Provincial government $320 $80 | Avoided tax revenue loss

Federal government $2,400 $610 | Avoided tax revenue loss
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4. Flood Benefit-Cost Analysis

4.1 Basement flood protection societal benefit

According to CatlQ (2024) data, the average basement flood claim for insured Alberta homes whose
insurance covers basement flooding is approximately L = $35,000 (2024 CAD). As noted in section
2.6, the average Alberta home with basement flood insurance experiences 0.00166 claims per year,
but the properties at highest risk tend to be uninsured and represent most of the risk. Accounting
for both, we estimated the average rate at which homes in Alberta experience basement flooding,

G =0.015 per year (i.e., on average once every 67 years). Then by equation (1), we estimate the as-is
EAL as follows:

EAL = 0.015/year - $35,000 = $525/year

Recall that equation (2) gives an estimate of the what-if EAL’, using an estimate of the factor
by which adaptation reduces EAL. In Porter et al. (2023), Appendix A.5 we estimated F; = 0.1.
Thus, by equation (2)

EAL'=0.1 - $525/year = $52/year

Porter et al. (2023) estimated the cost to correct side slope and install a battery backup sump pump
and sewer backflow valve on an existing house can cost between $0.50 and $3.75 per square foot
(2023 USD). Taking the geometric mean of the two extremes and accounting for inflation, a long-
term currency exchange rate of CAD $1.30 per USD $1.00, and a house of 167 m2 (1,800 ft2) leads
to the following mean estimated cost:

C=$3,300

By equations (5) and (6), we estimate the societal benefit B and societal benefit-cost ration BCR as
follows.

B =$7,000
BCR=2:1

4.2 Basement flood protection added resale value

In the ICLR survey of homeowners and homebuyers noted in section 3.2, 70% to 80% of
homeowners and home buyers are willing to invest in greater flood resilience. Among Alberta
respondents who were willing to invest in flood resilience, flood resilience added an average of
$5,700 in value. By equations (7), (8), and (9),

D = increase in home price
= $5,700
B, = benefit to seller’s agent and to buyer’s agents, per equation (7)
=$110
B, = benefit to seller, per equation (8)
=$5,470
B, = benefit to the federal government, per equation (9)
=$10
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4.3 Basement flood protection benefit to first insurer

Let us use the following values in equation (10).

X = insurer tax rate
=043
n = insurer retention rate, i.e., the chance that a policyholder will renew the policy in any
given year
=0.90
EAL = $525
EAL" = $52
r = insurer cost of equity, per Chen et al. (2016)
= 0.06061
t = life of basement flood protection (side slope, battery backup sump pump, backflow valve),
assumed
= 20 years
B = benefit to the first insurer. Substituting the foregoing into equation (10),
= $1,600

4.4 Basement flood protection benefit to later insurers from reduced property
repair costs

The same parameters used in section 4.3 apply here. Evaluating equation (11) yields

B = benefit to all later insurers, about half of which goes in insurer 2, then % to insurer 3, etc.
= $1,500

4.5 Basement flood protection benefit to the lender and mortgage insurer

As discussed in section 2.6, the benefit to the lender or the mortgage insurer. The main benefit they
derive from incentivizing borrowers to mitigate basement flooding is goodwill and fulfillment of a
corporate sustainability commitment.

B monetary benefit to the lender and mortgage insurer

= %0

4.6 Basement flood protection benefit to municipal government

As proposed in section 2.7, if the municipality could expect to be sued or otherwise accept
responsibility for basement flooding from sewer backflow, then under equation (5) with f = 1.0, the
municipal benefit from basement flood protection can be taken as follows.

B = $7,000
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4.7 Basement flood protection benefit to provincial and federal governments

As proposed in section 2.8, let us take the benefit of basement flood protection for the provincial and
federal governments using equation (5) with f=0.08 and f = 0.57, respectively, to account for the
money lost to productive investment and the resulting multiplier effect and tax revenues, resulting in
the following.

B = $180 to the provincial government
= $1,400 to the federal government

4.8 Recap benefits of basement flood protection to influence groups

Table 4 recaps the estimated benefits of basement flood protections to the influence groups
considered here.

Table 4. Recap benefits of side grading, battery backup sump pump, and sewer backflow valve

Influence group Either city = Source

Society $7,000 | Avoided future property repair costs
Homeowner at time of sale $5,470 | Increased resale value

Seller’s real estate agent $110 | Increased resale value

Buyer’s real estate agent $110 | Increased resale value

First property insurer $1,600 | Avoided future property repair costs, after tax
Later property insurers $1,500 | Avoided future property repair costs, after tax
Lender and mortgage insurer $0 | Avoided mortgage distress risk

Municipal government $7,000 | Avoided liability, in case of successful lawsuits
Provincial government $180 | Avoided tax revenue loss

Federal government $1,400 | Avoided tax revenue loss
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5.Heat Benefit-Cost Analysis

5.1 Micro heat pump societal benefit
Applying equation (4),
EAL = expected annualized loss per unprotected household
= $12,000/(household-year)
In equation (2), let us take a reasonable loss-reduction factor £, = 0.1, leading to

EAL'" = expected annualized loss per previously unprotected household
$1,200/(household-year)

For equation (5), let us take

r = social discount rate (Treasury Board of Canada 2022)
= 0.03/year
t = service life of a micro heat pump
= 17.5 years (Natural Resources Canada no date)
B = societal benefit of a micro heat pump in a previously unprotected home

$600,000
A micro heat pump can cost less than $1,000, so

BCR = benefit-cost ratio
= 600:1

5.2 Micro heat pump added resale value

Using its sales data, Zillow.com (2018) estimates that homes with air conditioning sell for 2.5% more
than homes without it, with the hottest places commanding premiums up to 5.8%. Let us assume
that the premium is lower for a window unit versus central air, say 1.25%. Alberta homes currently
sell for an average of $494,000 (WOWA.ca 2024). By equations (7), (8), and (9)

D added resale value

0.0125 x $494,000

$6,150

B, = benefit to seller’s agent and to buyer’'s agent (each), by equation (7),
$120

benefit to seller from higher resale value, by equation (8)

$5,900

benefit to the federal government, by equation (9)

$10
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5.3 Micro heat pump benefit to first property insurer
We see no way in which the addition of a micro heat pump affects the property insurer.

B = benefit to first insurer
= $O

5.4 Micro heat pump benefit to later property insurers
We see no way in which the addition of a micro heat pump affects the property insurer.

B benefit to later insurers

$0
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5.5 Micro heat pump benefit to the lender and mortgage insurer

We see no way in which the addition of a micro heat pump affects the lender or mortgage insurer.

B benefit to lender or mortgage insurer

$0

5.6 Micro heat pump benefit to the municipality

Fewer heat-related injuries means fewer demands on municipal emergency responders (911 and
EMS), but it the fiscal impact seems small. We see no way in which the addition of a micro heat
pump significantly benefits the municipality.

B benefit to municipality

$0

5.7 Micro heat pump benefit to the province and federal governments

As discussed in section 2.1, we recognize 10% of the societal benefit of improved life safety accrues
to the province and 90% to the federal government as part of their duty to protect “life, liberty, and
security of the person.”

B = benefit to the province
= 0.1 x $600,000
= $60,000
B = benefit to the federal government

0.9 x $147,000
$540,000

5.8 Recap benefits of adding micro heat pumps to previously unprotected homes

Table 5 recaps the estimated benefits adding a $1,000 micro heat pump to a previously unprotected
home, from the perspective of the influence groups considered here.

Table 5. Recap benefits of adding a micro heat pump to a previously unprotected home

Influence group Either city = Source

Society $147,000 | Avoided deaths and injuries
Homeowner at time of sale $5,900 | Increased resale value
Seller’s real estate agent $120 | Increased resale value
Buyer’s real estate agent $120 | Increased resale value

First property insurer $0 | None apparent

Later property insurers $0 | None apparent

Lender and mortgage insurer $0 | None apparent

Municipal government $0 | None apparent

Provincial government $15,000 | Avoided deaths and injuries
Federal government $132,000 | Avoided deaths and injuries
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6.Wildfire Smoke Benefit-Cost Analysis

6.1 Smoke protection societal benefit
Applying equation (4),
EAL = expected annualized loss per unprotected household
= $10,000/(household-year)
In equation (2), let us take a reasonable loss-reduction factor f; = 0.1, leading to
EAL" = expected annualized loss per previously unprotected household

= $1,000/(household-year)

For equation (5), let us take

r = social discount rate (Treasury Board of Canada 2022)
= 0.03/year
t = service life of better window and door seals and MRV 13 filters

20 years (a conservatively low guess)

[se}
1]

societal benefit of improved air filtration in a previously unprotected home
$120,000

Whole-home air cleaners cost $800 to $5,000, including the cost of the air cleaner system and
installation (Pro Solutions 2025a), with a reasonable middle value being $2,000. Or a homeowner
with poor air quality might use a whole-home air cleaner or upgrade the air conditioning system.

Pro Solutions (2025b) suggests that central hating, ventilation, and air conditioning (HVAC) costs
$3,400 to $10,000, with a reasonable middle value of $6,000. Thus, with a cost of $2,000 or
$6,000 for a hole-home air cleaner or a central HVAC, the ratio of the benefit ($120,000) to the cost
($2,000 or $6,000) is as follows.

BCR = benefit-cost ratio
20:1 (HVAC upgrade)
60:1 (whole-home air cleaner)

As a further option, one could consider using a portable HEPA air filter in one or rooms. A portable
device for a single room can cost on the order of $150.

6.2 Smoke protection added resale value

Using its sales data, Zillow.com (2018) estimates that homes with air conditioning sell for 2.5% more
than homes without it, with the hottest places commanding premiums up to 5.8%. Let us assume
that the premium is lower for a window unit versus central air, say 1.25%. Alberta homes currently
sell for an average of $494,000 (WOWA.ca 2024). By equations (7), (8), and (9),

D added resale value
0.0125 x $494,000

$6,150

o
I

benefit to seller’s agent and to buyer’s agent (each), by equation (7),
$120

S8}
N
1l

benefit to seller from higher resale value, by equation (8)
$5,900

benefit to the federal government, by equation (9)

$10

s}
w
I}
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6.3 Smoke protection benefit to first property insurer

We see no way in which improved air filtration affects the property insurer.

B benefit to first insurer

$0

6.4 Smoke protection benefit to later property insurers

We see no way in which improved air filtration affects the property insurer.

B benefit to later insurers

= %0

6.5 Smoke protection benefit to the lender and mortgage insurer
We see no way in which improved air filtration affects the lender or mortgage insurer.

B = benefit to lender or mortgage insurer
= %0

6.6 Smoke protection benefit to the municipality

We see no way in which improved air filtration benefits the municipality.

B benefit to municipality

$0

6.7 Smoke protection benefit to the province and federal governments

As discussed in section 2.1, we recognize 10% of the societal benefit of improved life safety accrues
to the province and 90% to the federal government as part of their duty to protect “life, liberty, and
security of the person.”

B = benefit to the province
= 0.1 x $120,000
= $12,000
B = benefit to the federal government

0.9 x $120,000
$108,000
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6.8 Recap benefits of adding smoke protection to previously unprotected homes

Table 6 recaps the estimated benefits adding air filtration to a previously unprotected home, from the
perspective of the influence groups considered here. As noted above, costs can range from $150 to
protect a single room with a portable air filter to $6,000 for an HVAC system.

Table 6. Recap benefits of improved air filtration in a previously unprotected home

Influence group Either city  Source

Society $120,000 | Avoided deaths and injuries
Homeowner at time of sale $5,900 | Increased resale value (central air)
Seller’s real estate agent $120 | Increased resale value (central air)
Buyer’s real estate agent $120 | Increased resale value (central air)
First property insurer $0 | None apparent

Later property insurers $0 | None apparent

Lender and mortgage insurer $0 | None apparent

Municipal government $0 | None apparent

Provincial government $12,000 | Avoided deaths and injuries
Federal government $108,000 | Avoided deaths and injuries
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Appendix 1. Allocate benefits among a series of insurers

As discussed in section 2.5, a series of property insurers can benefit from adaptation investments.
This appendix presents the method to calculate how the benefits are allocated. Let

i = index to a series of insurers, where i = 1 denotes the company that insures the property
when the adaptation measure is installed, i = 2 denotes the second insurer, etc.

Ji = index to years after installation of the adaptation measure, j =0, 1, ...

r = discount rate, often taken as the insurer’s cost of capital

t = retention rate, the probability that company / that insures the property in year j also insures
itinyearj+1

A = annual benefit of adaptation

= effective life of the adaptation measure

Pij = probability that injurer i is the insurer in year j

Insurer 1 starts with 100% chance that the property is insured by that company in year 0 (equation 22):
P1'0 = 1 (22)

In year 1, insurer 1 keeps the policy from year O with probability t. And in year 2, insurer keeps the
policy from year 1 with probability t. Or in general, in year j + 1, insurer keeps the policy from the
prior year with probability t (equation 23):

Pijer =Py et (23)

If insurer 1 loses the policy in year 1 (which happens with probability 1 — t), insurer 2 gets it in year 1.
Similarly, insurer 2 can lose the policy in year 2 with probability 1 —t, transferring it insurer 3 in year 2,
and so on (equation 24).

Pj=P_q j1-(1=t):i>1,j=i-1,eq., insureri=3, yearj=2 (24)

For insurer i = 2, the chance that the insurer keeps the policy in years j = 2, 3, 4, etc., are the chance
that the insurer had it the prior year j = 1, 2, 3, times the probability of retaining it in that year t, plus
the chance that the prior insurer loses the policy that year, which happens with probability (1 — ¢).

Or in general, for any insurer i = 2, 3, ... the chance of insuring the property in any year j > i is given by
equation (25).

Pi=Pj_i-t+ PM,H.( 1-t):i>1,j>=i-1,e.q., insurer 3 years 3, 4... (25)

So now we can estimate the probability that any insurer i = 1, 2, 3... insures the property in any year j
=0, 1,2, ..., as shown in Table 7, using retention rate t = 0.9.
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Table 7. Probability that insurer i insures the property in year j

Year
Insurer
0 1 2 3 4
1 1.00 0.90 0.81 0.729 0.6561
2 0.10 0.18 0.243 0.2916
3 0.01 0.027 0.0486
4 0.001 0.0036
5 0.0001

Now one can calculate the present value of benefit to each insurer with equation (26), which leads to
the results shown in Table 8.

B; = present value of benefit to insurer i

Bi=A. D iy Py(14+1)7 (26)

Table 8. Share of benefits from $1 annuity among 5 insurers, each of which has a 0.9 retention
rate and 0.06061 per year discount rate

Insurer B Share
1 $6.31 45%
2 $3.75 27%
3 $2.10 15%
4 $1.06 8%
5 $0.48 3%
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