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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.
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1. Overview

This document presents a resilience analysis for Calgary and Edmonton homes for the Alberta Climate
Ready Homes project. Four hazards were selected to conduct the analysis: hail, flood, heat, and
wildfire smoke. This document focuses on actions that builders or homeowners can take to reduce
risk to homes. It does not address actions that would be taken by others such as community flood
protection program, neighborhood cooling centres, or public health authorities.

Chapters 2 through 5 each contains a resilience checklist for one hazard. ICLR developed the
checklists as part of its Resilient Homes Task Force effort: a collaboration with insurers and builders to
reflect a consensus of effective resilience actions. They provide a nearly exhaustive list of recommended
actions a builder or resident could take to reduce damage, with enough detail that a builder could
apply them. Each checklist action is labeled as good, better, or best, in terms of its ability to reduce
risk from the given hazard. Good actions are generally easier and less costly. Best actions are generally
more effective at reducing risk and more costly. Actions labeled better fall in between. All actions in
the checklists apply to new construction. Those that can be retrofitted to existing buildings are labeled
as such. The checklists are at various stages of approval by the Resilient Homes Task Force; only the
hail and flood checklists have been considered so far.

Because the checklists are intended to be nearly exhaustive and consistent with the broader practices
that ICLR promotes, the lists are long. However, ICLR believes that a practical incentive program must
be brief, and include only the most valuable, practical actions. We selected the actions we
recommend for inclusion in an incentive program, indicated with lined cells. For each hazard, we
provide a best-practice document that discusses the short list of actions to incentivize. Each best-
practice document explains the actions in 11 sections.

1. Essence of the practice: What is the resilience action?

Context: Under what conditions would it work?

Realistic expectations: What degree of protection could we expect?

Clear behavior: What does one have to do to take the recommended actions?

Vulnerabilities: What can go wrong, and how can we limit it?

Implementation cost: What will it cost in time and money?

Material requirements: How can we ensure that the practices are available and installed correctly?

© N o v ok~ W N

Training, education, and outreach: How should we make people aware of the measure?
Maintenance requirements: What should we do to maintain the actions?
10. Examples of past use: Who has installed or promoted the actions and what was their experience?

11. References: Where can one get more written information?



2. Hail protection checklist

ID ‘ Measure Retrofit  Good Better Best
RC Roof cover
RC1 Install polymer-modified asphalt (PMA) shingle roof cover products
that comply with UL 2218 or FM 4473 Class 4 impact resistance.
[ ] [
Note: No scrim-backed IR rated products — PMA shingle roofing
products only.
RC2 Asphalt roofing products rated by the Insurance Institute for Business
and Home Safety (IBHS) as Good or Excellent impact resistance, ® ® ()
according to the latest IBHS rating.
RC3 High-end impact resistant roofing products, including recycled rubber
products or slate, rated for UL 2218 or FM 4473 Class-4 impact ° ° ° ®
resistance.
SWB Secondary water barrier
SWB1 Option 1a: One layer of Type 2 underlayment as specified in
CSA A123.3 (commonly referred to as “No. 15").
OR
Option 1b: One layer of synthetic underlayment complying with
ASTM D8257. () ° [ )
OR
Option 1c: Tape all roof sheathing joints and penetrations. Use tapes
that comply with CSA A123.22, ASTM D1970, or AAMA 711.
See image here.
SWB2 | Option 2a: One layer of synthetic underlayment complying with
ASTM D8257; AND all sheathing joints taped along with penetrations
(tapes comply with CSA A123.22, ASTM D1970, or AAMA 711).
See image here. ° ° ° °
OR
Option 2b: Application of self-adhering underlayment as specified in
CSA A123.22 to the entire roof deck.
S Siding
ST Install wood, aluminum, fibre-cement, brick, stone, brick or stone
veneer, or stucco siding.
Note: Vinyl siding should not be installed, unless it can be shown to ® L ®
meet UL 2218/FM 4473 level hail resistance, or compiles with TAS
201 missile resistance — see S2.
S2 Option 2a: Apply wall cladding products that comply with: Florida
Building Code, Ch. 16 for High Velocity Hurricane Zones, and are
tested according to TAS 203 and TAS 201 for high wind and missile
resistance.
OR
Option 2b: Installation of board and batten style wood, concrete ] ) )

board, or stone tile siding products.

Note: Re. S2a — several manufacturers that supply materials in Canada
will offer products that comply with relevant testing standards —

for example, several fibre cement products will comply with this
recommendation.



https://ibhs.org/hail/shingle-performance-ratings/
https://drive.google.com/file/d/1V2F_tY-vZGz_Eai4QHw0FNiC6psYYeQK/view
https://drive.google.com/file/d/1YUx_z3nETvcKB9vdadBt-QRnOjgv7goJ/view

Hail protection checklist... continued

ID ‘ Measure Retrofit Good Better Best

RE Other roof elements

RE1 Roof vents, facia, valleys comply with UL 2218 or FM 4473 Class 4
impact resistance.

WS Windows, skylights

WS1 Option 1a: Wind-borne debris-resistant windows and skylights
installed (products that are tested according to ASTM E1886 and
conform to Level C protection requirements according to ASTM E1996
for Wind Zone 1).

OR

Option 1b: Window films installed by a qualified dealer or applicator
in accordance with the IWFA (International Window Film Association).
See CSA S520, Clause 13.4 for detail.

WS2 Option 2a: Do not use vinyl window trim, sills, frames (wood products
preferred for hail resistive qualities).

OR

Option 2b: Use products with removable cladding that could be ® ® ®
replaced in the event of hail damage.

Note: Windows frames do not carry IR ratings. Wood products may
conflict with energy efficiency goals.

WS3 Use steel drip flashing (minimum 18 gauge) for windows. °® P Py

E Eavestroughs

E1 Install aluminum eavestroughs AND install metal gutter guards.

Note: No vinyl eavestrough products.

E2 Installation of rolled steel eavestroughs (minimum 24 gauge) AND
install metal gutter guards. ° L4 ° L4

Retrofit. Options with a checkmark are practical for existing buildings, especially when the item is replaced
hail damage or at the end of its lifecycle.

Acknowledgements: Patrick Foisey, Travis Engineering reviewed and provided guidance for this checklist.




3. Flood protection checklist

General notes: Full application of CSA Z800 achieves “best” for all below categories.
All categories are appropriate for new homes.

ID
LF

‘ \CEHIE

Local factors

Retrofit

Good

Better

Best

LF1

New homes not located in areas where there is a known occurrence
of high groundwater levels, and foundation drains and/or sump
pump systems should not be relied upon to continuously remove
water to prevent basement flooding from groundwater.

LF2

If no other alternative is available, homes constructed in groundwater
hazard areas should be constructed without basements.

LF3

New homes should not be located in areas prone to overland flooding
(e.g., floodplains), based on locally defined risk tolerance levels.

LGD

Lot grading and drainage

LGD1

Lot grading and drainage complies with local requirements.
CSA 7800 recommendations applied to the extent possible where
there are no local requirements.!

LGD2

Reverse slope driveways not installed.

LGD3

Area drains, catch basins, etc. on private property are not connected
to sanitary or combined sewers.

LGD4

Avoid installation of exterior stairwells. Where it is not possible to
avoid exterior stairwells, they should not significantly increase risk of
flooding, and should not contribute excess surface water to sanitary
sewer connections. i

LGD5

Backfill capped with an impermeable surface’ and capping extends
beyond the line of excavation and backfill.

LGD6

The initial grade next to the foundation should be exaggerated to
compensate for long-term backfill settling, such that the final grade,
after settling, has a minimum 5% slope.

LGD7

Exterior stairwells should not be installed.

LID

Low-impact development features

LID1

Low-impact development (LID) principles should be incorporated into
new home landscaping wherever possible to retain water and reduce
the amount of surface runoff to the stormwater system.

Note: Designers should be mindful of introducing water into the
ground near stormwater and sanitary laterals, since the laterals could
leak or the bedding could act as a French drain, directing flow to the
sewer systems.

1 May include: i) a fine-grained, low-permeability cohesive soil (e.g., clay), sloped away from the foundation wall;

ii) @ membrane or insulation board of low-permeability, placed just below ground, sloped away from the
foundation wall; or iii) other measures as approved by the AHJ.




Flood protection checklist... continued

ID

‘ \CEHIE

Below-grade windows and window wells

Retrofit

Good

Better

Best

Wi1

Where below grade windows are installed:

e Window wells should fit tightly against foundation walls and
include window well covers.

¢ Window wells should rely on positive drainage from the granular
layer below the window well and should drain to the foundation
drainage system via a drainpipe.

e Sufficient distance between the top of the granular layer and the
bottom of the window opening should be provided to avoid
accumulation of water and melting snow that could rise above
the bottom of the window opening.

¢ The grading adjacent to the window wells should be elevated
above the predicted flood levels.

¢ Windows and window frames should be weatherproofed and
sealed to reduce the likelihood of water entry through/around
windows.

W2

Lower than grade windows are not installed.

MP

Moisture protection

MP1

Apply moisture protection measures that provide an air space/vertical
path to allow water to drain from the soil/wall interface; and provide
a secondary water-resistant surface (e.g., damp-proofing membrane
or coating) to drain water to the footing.

ED

Eavestroughs and downspouts

ED1

Downspouts are not directly or indirectly connected to sanitary or
combined sewer systems.V

ED2

Where downspouts discharge over the surface of the ground,
discharge should be discharged over a splash pad (or equivalent), and
drained over a permeable surface, toward appropriate infrastructure
(e.g., swales).

Downspout discharge should not create risk of icing on sidewalks,
walkways, etc., and should not adversely affect neighbouring
properties.

ED3

Where downspouts discharge over the surface of the ground,
discharge points should be extended beyond the line of excavation
and backfill.

ED4

Where downspouts discharge over the surface of the ground,
discharge points should be at least 1.8 m from foundation walls.

ED5

Incorporate methods to reduce build of debris in eavestroughs
(e.g., gutter guards)

ED6

Where downspout collection pipes are fastened to foundation walls,
they should be fasted in a manner that reduces risk of dislocation or
damage during backfill.V




Flood protection checklist... continued

ID
EP

‘ \CEHIE

Infiltration and overland flood entry points

Retrofit

Good

Better

Best

EP1

Cracks in foundation walls and/or basement floors should be sealed
to reduce the risk of infiltration flooding/seepage.

EP2

Identify and seal potential overland flood entry points, which may
include gaps between foundation walls and framing around windows
and doors; gaps around piping wiring, and conduit penetrations in
foundation walls, cracks in brickwork (weep holes in brick walls should
be located such that they do not permit entry of surface water).

EP3

Foundation penetrations should be at an elevation to reduce the
likelihood of water ingress during a flood event.

EP4

Minimum elevations for building entrances should be above the
predicted flood elevation or spillover elevation in the street, lane, or
parking lot adjacent to a dwelling, plus necessary freeboard
tolerances as specified by the AHJ.

FD

Foundation drainage systems

FD1

Foundation drainage does not discharge directly or indirectly to a
sanitary or combined sewer system.

FD2

Foundation drainage discharge is protected from backwater, through
provision of a hydraulic break (e.g., pumping to an external
downpipe, or pumping to the surface of the lot) or backwater valve.

Note: See NPC 2.4.6.4.(3).

FD3

Foundation drainage systems should be provided or constructed with
means to prevent the accumulation of silt/clay in the pipe over the
service life of the home. Geotextile filters should be applied where
appropriate (e.g., when perforation widths in foundation drainage
pipe are >2.0 mm).

FD4

Means of accessing foundation drainage systems to facilitate
inspection (e.g., CCTV) and maintenance (e.g., flushing) should be
provided. Options include: i) providing access to the foundation
drainage system via cleanouts that are incorporated into backwater
valves; providing “access and cleaning chimneys” in accordance with
BNQ 3661-500; using rigid pipe; using fittings that do not restrict
access for maintenance; or using alternative means approved by the
local AHJ.

FD5

In the case of gravity drainage from weeping tiles/foundation drain to
stormwater or third pipe systems, and where these connections are
protected from backwater through installation of backwater valves:

i) asump pit/pump system should be supplied to provide
foundation drainage discharge when the valve is closed; and

i) sump systems should be equipped with appropriate pump
backup systems.




Flood protection checklist... continued

ID
SP

‘ \CEHIE

Sump pump systems (where installed)

Retrofit

Good

Better

Best

SP1

A backup power source is provided for the sump pump/sump system
(including a battery backup system, external generator, or alternative
power source).

Do not install a hydraulic motor, elevator, or other type of appliance
that operates, in whole or in part, by using the pressure or flow of
the potable water distribution network as a source of energy.

SP2

An alarm system is incorporated into the sump/sump pump system to
notify building occupants of sump pump failure, and to notify
occupants when backup power has engaged.

SP3

Sump pits and sump pumps are accessible for maintenance and
inspection.

SP4

A dedicated receptacle and circuit are provided for sump pumps.

SP5

Ensure that a check valve on the discharge line is provided, as close to
the pump as possible.

SP6

Foundation drain discharge should not create drainage, water, or
flooding issues for neighbouring buildings

SP7

Foundation drainage discharge should not create icing hazards on
public or private walkways, sidewalks, roads, patios, driveways,
streets, etc.

SP8

Provide operation and maintenance information to building owner,
including expected replacement/lifespan of pumps (~10 years).

SP9

Pumps do not have column floats and are supplied with pendulum
floats or pressure switches and there is no risk of interference with
the sump float switch (where present).

SP10

Pedestal sump pumps are not installed.

SP11

Sump pumps have adequate power and pumping capacity,
accounting for dynamic head and foundation drainage flow rate."

SP12

Where battery powered pumps are used, use batteries rated with
80+ Ampere-Hours (AH)

SP13

A secondary pump that will engage in the event of failure of the
primary pump, with a float set to engage the pump at a higher water
level in the sump pit, is provided.

SP14

When draining sump pumps to the surface: The drain for the
discharge pipes should be at a sufficient distance from the building
foundation to prevent recycling of water through the foundation
drainage/sump system. Discharge points should be beyond the line
of excavation and backfill.

SP15

Sump pump discharge points should extend to a minimum of 1.8 m
from foundation walls.

SP16

No sump pump in place (i.e., foundation drainage safely discharged
to receiving stormwater, third pipe system, and/or no below grade
living space).




Flood protection checklist... continued

ID ‘ Measure Retrofit  Good Better Best
SL Sewer laterals, building drains, building sewers
SL1 Building drains, sewers, and sewer laterals have a slope of at least 2%. ° P
SL2 Gasketed pipe is used for building drains, sewers, and laterals. Py P PY
SL3 Installation of sanitary sewer pipe complies with highest level of
manufacturer guidance, with attention paid to grade, bedding, ) ) ®
haunching, and backfill.
SL4 Reduce risk of water backing up into the building or property via
utility trenches. ® ° ®
SL5 No plantings above or near sewer laterals.vi P Py P Py
SB Sewer backwater protection
SB1 Homes that have fixtures below the adjoining street or below the
upstream sanitary sewer manhole cover, and that are serviced by °
sanitary, storm, combined, and/or third pipe systems are provided
with sewer backwater protection.
SB2 Where backwater valves are used for sewer backwater protection,
they must close automatically during surcharge events (i.e., do not
rely on gate valves or floor drain screw caps for protection). PY S
Note: See NPC 2.4.6.4/0BC 7.4.6.4 — no longer references floor drain
screw caps, gate valves.
SB3 Backwater protection devices are accessible for routine maintenance ° °
and inspection.
SB4 Backwater protection operation and maintenance guidance is
provided to the homeowner/occupant, informing the owner of ° °
maintenance schedules and owners/occupants of plumbing use
restrictions during extreme rainfall or flood events.
SB5 Backwater valves have a grade of 2% toward the receiving sewer ° °
system, and water does not sit inside the valve after installation.
SB6 Backwater valves have a grade of 3-8% toward the receiving o ° .
sewer system.
SB7 Where installed, mainline backwater valve boxes are surrounded by ° ° ° °
gravel, and not native soil.
SB8 Backwater valves installed in a manner that ensures that the building’s
air barrier remains continuous, and that the building is protected Y Y Y Y

from soil gas ingress.




Summary of Z800 lot grading and drainage recommendations. Local regulations always take precedence

over these recommendations.

Well-defined swales between houses should be incorporated.

Minimum swale depths of 150 mm, with minimum grade, maximum side slope, and maximum flow depth
as approved by AHJ should be considered.

The slope of the backfill, up to and including 1.5 m away from the house, should direct surface drainage
away from the house and should be a minimum of 5%.

The slope of yard should be as approved by AHJ.

Slope for the remainder of the lot (outside of the 1.5 m perimeter) should be at least 1.5% directed away
from the building, or as approved by AH)J.

Lot grading should direct surface drainage away from window wells, exterior stairwells, and decks.

Decks, fences, landscaping and other site alterations should not compromise the integrity of lot grading
and site drainage.

Decks, fences, sheds, and other yard structures may be placed or constructed across drainage swales
provided that the AHJ determines they have adequate freeboard.

The top of foundation walls should be a minimum of 200 mm above grade.
The minimum elevation of the lot, at the house, should be 450 mm above highest elevation at property line.

Patios located next to foundation walls should have positive grade away from the building (a minimum
1% slope).

If a property has an approved grading plan, the plan should be carefully adhered to and the work inspected
by the AHJ to ensure that it is in accordance with the plan.

Plantings near the foundation wall should be avoided.

Trees should, where possible, be located on the lot such that they do not put the new infrastructure at risk
of root intrusion.

Where a private driveway leads to a parking garage attached to a dwelling unit, the finished floor elevation of a

garage should be higher than the elevation of the public street or public lane from which access to the parking
garage is provided.

Details on protection of exterior stairwells (CSA Z800):

Exterior stairwell catch basins should not be connected to sanitary or combined sewer systems, unless
approved by the AHJ.

Exterior stairwells should be equipped with catch basins of sufficient capacity to fully mitigate flood
hazards in accordance with locally defined risk tolerances.

Exterior stairwell catch basins should not be connected to sanitary or combined sewer systems, unless
approved by the AHJ.

Exterior stairwell catch basins and/or area drains should be equipped with sewer backwater protection.
Where exterior stairwell catch basins are connected to storm sewer systems and provided with sewer
backwater protection, downspouts and foundation drainage systems should be disconnected from storm
sewer connections and be directed over the surface of the lot.

Exterior stairwell catch basins should be maintained such that they are free of blockages that could inhibit
stairwell drainage.

Exterior stairwells should not result in a constant slope from the street into the home. The slope between
the surface of the street and the point where exterior stairwells slope toward the home should direct
drainage from the house and should be as approved by the AHJ.

V' Unless there is no other alternative and connections to sanitary or combined sewers are permitted by the AHJ.



V' See BNQ 3682-320, section 5.3.2.5.6.
Secure collection pipes anchored to foundation all on the exterior of buildings:
a) Use 19 cm (7.5") wide, 20-gauge galvanized steel straps.
b) Use a concrete anchor sleeve 6.35 mm by 31.75 mm (¥4"” by 1%") or equivalent.

¢) Place straps with 25.4 cm [10 in] wide PVC saddles and anchors on the pipe (saddles not required for black
ABS Schedule 40).

d) Leave a maximum spacing of 40.64 cm (16") for depts of up to 1.22 m (4') between straps.

e) Leave a maximum spacing of 30.48 cm (12") for depts of 1.22 m (4') to a maximum depth of 1.83 m (6")
between straps.

f) Install at least one strap at all horizontal fittings.
v

For homes built on sandy soil, plan for a system capacity of 53 litres per minute (14 gallons per minute) for
every 93 mZ (1,000 sq ft) of home. For homes built on clay soil, plan for a system capacity of 30.3 litres per
minute (8 gallons per minute) for every 93 m2 (1,000 sq ft) of home. Factor dynamic head into sump pump sizing.

Vil See BNQ 3682-320, section 5.3.2.5.8.

Options noted “new” are intended for new buildings; most are impractical for existing buildings.



4. Heat protection checklist

ID ‘ Measure Retrofit  Good Better Best
B Behavioral
B1 Natural ventilation management — opening and closing windows, ° °
doors and blinds depending on time of day and temperature.
B2 Minimize indoor heat production (e.g., appliance use). P °
C Air circulation
C1 Install and turn on externally venting fans (e.g., kitchen, bathroom). PY
2 Install and turn on ceiling fans. °
a3 Use portable fans and align to increase air flow. P PY
@] Use a portable or window air conditioner or micro heat pump. P PS
C5 Install a heat pump or high-efficiency air conditioning system. P Py
C6 Install an air venting system in the attic. PY
E Building envelope
E1 Install or replace deteriorating weather stripping along doors and o °
windows.
E2 Get a home energy audit complete to target improving insulation. P P
E3 Improve attic or roof insulation. P P Py
E4 Add an additional layer of exterior wall insulation. °
E5 Install a green, reflective, or cool roof. Py
D House design
D1 Install finishes that absorb heat (e.g., concrete, stone, green walls). P
D2 Principles of passive design — window placements. Py
D3 Principles of passive design — room placements and interior design. Py
A Heat absorption
A1 Convert paved areas to green spaces. P Py
A2 Increase green spaces around the house (e.g., garden, balcony). P Py
T Window treatments
T1 Install window films, double or triple pane windows, with double or ° °
low-E glazing.!
T2 Install shading devices ex. Shutters, awnings, overhangs, blinds, o o

heat-resistant curtains.

Caution: some window films can void window warrantees.

1M1




5. Wildfire smoke protection checklist

ID ‘ Measure Retrofit  Good Better Best
p Preventing intrusion
P1 Close all windows and doors and limit entering/ exiting the building
(if heat and air quality are a concern, prioritize heat ) )
recommendations).
P2 Seal all windows, doors, and any other point of air entry (e.g., vents). P °
P3 Have a two-staged entryway to separate indoor and outdoor air. °
Vv Air ventilation
V1 Set HVAC system to recirculate air. P °
V2 Use the highest rated MERV filter the system can support (see ° °
manufacturer instructions).
V3 Install an HVAC system that can support a MERV 13+ filter, controls
temperature, relative humidity, and air exchange rates, and is able to ) )
switch between recirculate and outdoor air intake ventilation.
V4 Change filters frequently depending on contaminant level. P °
V5 Actively monitor ventilation system and mix indoor — outdoor air ° °
depending on air quality readings inside and out.
V6 Have adequate fresh air intake to prevent negative pressure which ° °
can draw in smoke.
V7 Install a whole home air purification system. P Py
V8 Have a two staged air filtration system with carbon to remove odor. P Py
AP Air purification
AP1 Use a portable air filter designed to filter fine particles (PM, <) ° °
(e.g., HEPA filter), prioritize use in commonly used rooms.
AP2 Change air filter frequently depending on contaminants (see ° ° ° °
manufacturer recommendation).
Q Manage indoor air quality
Q1 Keep indoor air cool (<26°C) and humidity between 35-50%. °® PY
Q2 Limit the use of exhaust fans, e.g., in bathrooms, cooking. P Py
Q3 Limit use of gas stoves to periods where outdoor smoke levels are low
and use exhaust fan if stove is used (overriding above () ®
recommendation).
Q4 Limit other activities that create indoor air pollution, e.g., smoking,
cooking, vacuuming without HEPA filter, using candles or incense, ® °
using wood stove, chemical cleaning products.
Q5 Wet mop to reduce the amount of settled dust. P Py




6. Recommended hail resilience measure

To protect homes from hail, at least use asphalt shingles with an impact-resistance rating of 4 (IR4)
rather than non-impact resistant roofs. Other options exist. For example, one might consider rubber
roof shingles (which appear to be even more impact-resistant than IR4 asphalt shingles), impact-
resistant siding (i.e., fibre cement, brick, or wood, rather than vinyl), and keeping vehicles under
covered parking. We do not offer advice here about these additional measures, partly because of
their cost and the lack of economic analysis to demonstrate their cost-effectiveness. ICLR deems
impact-resistant roofing to represent the best-supported measure that balances cost and efficacy.

6.1 Essence of the practice

Impact-resistant asphalt shingles look just like non-impact resistant shingles (Figure 1). But they either
have a polymer added to the asphalt or a polyester scrim (a mesh) attached to the underside of the
shingle to improve fracture resistance. (ICLR recommends the use of shingles with polymer-modified
asphalt and not scrim-backed products.) They are evaluated for fracture resistance and assigned an
impact resistance (IR) rating of 1 to 4, where IR3 and IR4 are most common and IR4 is best. The rating
refers to either of two tests: UL 2218, published by Underwriters Laboratories Inc. (2010), or FM 4473
(Factor Mutual Approvals 2005). Either test shows that an IR 4 product can resist fracture when
impacted by a 50-mm hailstone. A label like Figure 2 appears on product packaging.

Figure 1. One of these pictures shows an impact-resistant shingle, the other a non- impact-resistant
shingle. The slight brown hue of A is unrelated to the impact resistance.

Builders: Developers or architects who would normally specify Figure 2. Class-4 impact resistance
and install an asphalt shingle roofing product on a new building label that might appear on the retail
choose a similar product (e.g., same manufacturer, different packaging of asphalt shingles.

product) with polymer-modified asphalt (i.e., not scrim-backed)
and a rating of IR4.

Insurers: After a hailstorm damages a roof and requires its
replacement, insurers instruct the roofer to install a comparable
product but one with polymer-modified asphalt and an impact
resistance rating of IR4.

CLASS 4

impact resistance
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Impact-resistant shingles tend to save more than they cost. Society can expect to enjoy an estimated
benefit-cost ratio of $8 saved per $1 of added cost for using IR4 shingles instead of non-IR shingles
(Figure 3; Porter 2022). The $8 savings mostly accrue to insurers— about half to the first insurer and
half to later insurers— but others get benefits too: owners avoid the hassle of roof repairs, less waste
goes to landfills, less carbon is emitted to manufacture and install roofing shingles, and less capital is
diverted from productive investment into replacing damaged building components. If insurance prices
accurately reflect hail risk, then owners enjoy lower insurance premiums.

Figure 3. Benefit-cost ratio (BCR) for class-4 (the highest on a 1-to-4 rating scale) impact-resistant asphalt
shingles. The shingles pay more than pay for themselves anywhere colored light blue or warmer,
wherever the benefit is more than the cost.

6.2 Context

Impact-resistant roofing reduces or prevents damage in hailstorms where the largest hailstones
exceed 2.5 cm diameter.

6.3 Realistic expectations and vulnerabilities

Impact-resistant roofing reduces or prevents fracture of shingles when struck by hailstones of 2.5 cm
to 5 cm diameter. When struck by hailstones larger than 5 cm, impact-resistant asphalt shingles may
fracture, allowing water to penetrate to the roof underlayment or roof sheathing, which can produce
costly water damage. Hailstones fracture shingles more easily at the ridgeline because the shingles
have no plywood directly behind them to resist deformation. Metal valleys, flashings, vent covers, and
other items on the roof can still suffer cosmetic damage.

Impact-resistant shingles can suffer cosmetic damage like non-impact-resistant products. The material
that makes the product impact resistant does not prevent hailstones from knocking off ceramic granules
on the shingle surface. These are the 1-mm diameter speckles that give asphalt shingles their color and
texture. When enough granules are dislodged, the shingle appears visibly discolored. Granule loss is
mostly a cosmetic problem, with only minor impact on the water resistance of the shingle. But many
insurance claims adjusters still consider cosmetic damage to warrant repair or replacement.

As with all asphalt shingles, roofers must properly install impact-resistant asphalt shingles. Roofing
material manufacturers provide written and video instruction on how to install roofing products.
Roofer training can reduce the chance of improper installation.



6.4 Clear behavior and material requirements

The only difference between non-impact-resistant and impact-resistant asphalt shingles is the product.
They look the same, install the same, and the same stores sell them. Selection may be somewhat narrower.

At the time when the claims adjuster engages the roofer, the adjuster instructs the roofer to purchase
and install an impact-resistant product and then checks that the roofer does so.

Roofers purchase the impact-resistant product and provide evidence to the insurer or the builder that they
have done so, evidence such as receipts showing the name of the product, photo of the packaging
showing the impact-resistance label, or a URL to an online brochure showing that the product has passed
the UL 2218 test.

6.5 Implementation cost

Costs vary between manufacturers and products. But IR3 shingles add an almost negligible cost to the
cost of a new roof. IR4 shingles add about $0.30 to $0.60 per square foot, or $600 to $1,200 for an
average-sized house. There is no additional labor cost.

6.6 Training, education, and outreach

Calgarians are increasingly aware of impact-resistant shingles, especially since the Calgary Resilient
Roofing Rebate Program. But it would be valuable to better inform insurers, builders, real estate agents
and brokers, and others about the costs and benefits of IR roofing. For example, insurers need to know
the frequency and severity of claims with non-IR and IR shingles so that they can estimate whether and
how much to promote IR roofing. An incentivization program would benefit from brief literature directed
to each interest group, videos to summarize them, and regular, continuing outreach to professional
societies serving home builders, real estate agents and brokers, insurers, and others. ICLR has prepared
brief 1-page flyers for advocates to use. See our Hail Ready Homes Advice to Homeowners, Advice to
Insurers, Advice to Community Groups, and Advice to Real Estate Agents.

6.7 Maintenance requirements

Impact-resistant roofs do not require maintenance, though they do have a limited life of 15 to 30 years.

6.8 Examples of past use

Builders and roofers install impact-resistant asphalt shingle roofs throughout North America.
Most major manufacturers offer impact-resistant products, e.g., GAF, Owens Corning, IKO Global,
Malarkey, and CertainTeed.
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7. Recommended flood resilience measure

To protect homes that have basements from basement flooding (as distinct from riverine and coastal
flooding), do at least these three things: (1) ensure that the soil slopes away from the house, (2) install
a sump pump with a battery backup system, and (3) if the home is on a street with a combined sewer
and stormwater system, install a sewer backwater valve. ICLR deems these options to offer the best
balance between cost and efficacy.

7.1 Essence of the practice

Lot grading: Ensure that the yard slopes away from the home all around the perimeter, including
under stairs and decks. The soil directly beside the foundation wall should be 10 cm to 15 cm higher
than the soil 1.5 metres away from the foundation. If the ground close to the foundation has settled
beside the foundation wall, fill it in with a solid, compactable soil — like clay — so that there is a
constant slope away from the foundation. Lot grading moves surface water away from the basement.
Install downspout extensions to discharge water from eavestroughs 1.8 metres from the house.

See Figure 4.

Battery backup sump pump: Install a sump pump with a battery backup system. Water around the
perimeter of the house drains from the weeping tile into the sump pit. The sump pump discharges
the water into the yard at least 1.8 metres away from the house. The sump pit contains a secondary
pump that engages in the event of failure of the primary pump, especially because of power failure.
The second pump has a float set to engage the pump at a higher water level in the sump pit than the
float for the primary pump. Use a battery rated to supply at least 80 ampere-hours (AH). See Figure 5.

Sewer backwater valve: This applies to homes that have basements and that are located on streets
that have a combined stormwater and sewer system. Install a backwater valve on the sewer lateral.

In a severe storm, water pressure in the sewer line can cause sewer water to flow from the sewer into
the sewer lateral and into the house. The backwater valve automatically closes in such an event,
preventing sewer water from entering the house. The backwater valve requires regular maintenance:
it should be cleaned at least every 6 months. See Figure 6.

Figure 4. Lot grading: Ensure that the soil slopes away from the foundation and is at least 10 to 15 cm
lower at a distance of 1.5 metres from the house.
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Figure 5. Battery backup sump pump: the sump pit has
two pumps, one of which operates on battery power in
case of a power outage and whose float engages higher
in the sump pit than that of the primary AC-powered
pump. The sump pumps each have a check valve and
discharge in the yard at least 1.8 metres from the house.

Figure 6. A backwater valve allows wastewater to

flow out of the house but closes when water pressure in
the sewer line forces sewer water back up the lateral
toward the house. Use a valve that closes from above,
as shown here.

Normal flow

7.2 Context

These resilience measures are useful for homes with basements. The backwater valve is useful for a
home on a street with a combined stormwater and sewer system.

7.3 Realistic expectations and vulnerabilities

These measures address the most likely causes of basement flooding, but not all. Water can enter a
basement by a reverse-slope driveway, through cracks in basement walls, through low windows, and
possibly other routes. And these measures are not 100% reliable: If one installs the backwater valve
or sump pump improperly, they can fail to operate. If one fails to clean the backwater valve regularly
(per the manufacturer's recommendation, which can be every 6 months or more), it can be too
clogged to operate correctly when needed. Sump pumps can wear out. And one should not expect
these measures to protect a home from riverine flooding.

7.4 Clear behavior and material requirements

Lot grading. Hire a landscape architect to determine if the soil slopes down away from the house at
least 100 to 150 mm over the 1.5 metres closest to the house, all the way around, and if not, to
move soil to provide the required slope. Hire a gutter installer to purchase and install downspout
extensions that discharge at least 1.8 metres from the house.
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Battery backup sump pump. Purchase a battery backup sump pump system combination with a
primary sump pump and battery backup pump, controller, alarm system, charger, float switch, battery
box, and a battery with at least 80 amp-hour capacity. Hire a licensed plumber to install the system,
to ensure that the pump discharges in the yard at least 1.8 metres from the house, and to provide
the manufacturer’s recommended regular maintenance.

Backwater valve. Call the community public works department to find out of the house is on a street
with a combined stormwater and sewer system. If it is, hire a licensed plumber to determine if the
house sewer lateral has a backwater valve, and if missing, to purchase and install one and to provide
the required regular maintenance according to the manufacturer’s recommendation.

7.5 Implementation cost

Lot grading. A house with a perimeter of 50 m, if the soil is level around the entire perimeter, could
require 75 m2 of fine grading at a cost of approximately $8.00/m2, or $600, according to Gordian
(2023 p. 139). Planting could realistically double that cost. Cramer (2023) suggests a realistic range of
$500 to $3,000. Johnstone (2022) suggests the cost ranges between $1,000 and $3,000, with an
average of $2,000. Downspout extensions cost $30 to $100 per downspout handyperson or
contractor labor (CostHelper 2023), or about $10 to $30 per downspout to do it yourself

(Fixr.com 2023). Homewyse (2023) suggests an average installed cost for 6 downspout extensions is
about $200. Thus, lot grading and downspout extensions could cost $1,000 to $3,000.

Battery backup sump pump. A review of prices at Home Depot in 2024 indicates that to purchase a
battery backup sump pump and battery costs $400 to $800. Wallander and Tynan (2024) suggest an
installed cost range of $600 to $1,200, with an average installed price of $900. DIY or Not (2021)
agrees, although higher costs are possible. To have a plumber install the battery backup sump pump
in an existing sump pit can cost another $400 to $800.

Backwater valve. To add a backwater valve to an existing house requires digging up the sewer line,
possibly within the house, and can cost $3,000, with a realistic range of $2,000 to $5,000 or more
(Smythe 2024, Vaillancourt Plumbing 2022, Water Guard Plumbing 2024), although much higher
costs are possible (Randshaw Plumbing & Heating 2024). Hire the same plumber or another one to
clear the valve as recommended by the manufacturer, which can be done every 6 months.

7.6 Training, education, and outreach

ICLR (no date a) provides a document called Protect Your Home from Basement Flooding that details
these measures. ICLR (no date b) also provides series of YouTube videos (https:/www.youtube.com/
watch?v=yXynH_DFv04) that explain them. ICLR also provides brief 1-page flyers for advocates to
use. See our Flood Ready Homes Advice to Homeowners, Advice to Insurers, Advice to Community
Groups, and Advice to Real Estate Agents.

7.7 Maintenance requirements

Flood resilience measures require maintenance: one must regularly clean backwater valves and check
the functioning of sump pumps.

7.8 Examples of past use

Most homes built after about 1990 have a backwater valve. Most homes with basements built after
the late 1980s have a sump pump, used in conjunction with weeping tiles (EPCOR 2024).
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8. Recommended heat resilience measure

The primary concern of heat is its impact on human health, especially as the frequency and average
duration of heat waves rise in coming decades. To protect home occupants from extreme heat,
there are several low-to medium-cost actions that can be taken. ICLR recommends mechanical cooling:
a portable air conditioner for at least one room or a central heat pump or air conditioning system.
Other actions can also help such as improving insulation and weatherstripping and using natural
ventilation at night to cool indoor air.

8.1 Essence of the practice

Residents purchase a portable air conditioning unit for at least one room or install a central heat
pump or air conditioning system.

8.2 Context

These resilience measures can be used in any home and adapted to residents’ context and budget.

8.3 Realistic expectations and vulnerabilities

Portable air conditioners may struggle to cool a large room. Neither portable air conditioners nor a
central heat pump or air conditioning system work in power outages, which can accompany heat
waves. Coolant can leak over time, slowly degrading the effectiveness of mechanical cooling systems.
Some people struggle to understand how to operate programmable thermostats.

8.4 Clear behavior and material requirements

Purchase, install, and maintain portable or central air conditioners or heat pumps. Set the equipment
to keep indoor air temperatures below 26°C.

8.5 Implementation cost

Portable air conditioners and micro heat pumps can cost $600. A central heat pump or air
conditioning system can cost $8,000. Both involve ongoing energy costs.

8.6 Training, education, and outreach

Residents should know that heatwaves are deadly. By mid-century, Calgary and Edmonton will have
several long heatwaves yearly, each potentially killing hundreds of people in each city in each heatwave.
Investing in a climate-ready home means preparing for longer, hotter heatwaves. Municipalities, public
health service providers, and community groups can teach residents about the danger of heatwaves and
how to adapt. Advocates can provide literature and participate in outreach at public facilities,
community events, homeowner associations, healthcare facilities, and social media. ICLR has prepared
brief 1-page flyers for advocates to use. See our Climate Ready Homes Advice to Homeowners.

8.7 Maintenance requirements

For a portable air conditioner, one must clean the air filter and drain the water collection tray every
two weeks. In homes with pets, one must wipe the grill regularly. For a central heat pump or air
conditioning system, the owner must replace the filter according to the manufacturer’s
recommendations, which can be as frequently as every two months or as rarely as every six months.
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8.8 Examples of past use

In 2024 British Columbia’s electricity provider, BC Hydro, worked with regional health authorities to
provide free portable air conditioners to eligible residents (BC Hydro 2026). Eligibility requirements
included receiving a recommendation letter from the local health authority’s home care program and
having no functioning air conditioning unit within the home. Renters were eligible to apply with
landlord consent. Once a resident was approved, BC Hydro sent a contractor to provide and install
the unit. Ongoing maintenance, take-down, and reinstallation are left to the resident.
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9. Recommended wildfire smoke resilience measure

Wildfire smoke kills dozens and injures hundreds of Calgary and Edmonton residents every year.
Investing in a climate-ready home means protecting indoor air from wildfire smoke. To control wildfire
smoke in homes, leading authorities recommend closing windows and filtering home air. This resilience
analysis focuses on air quality management associated with wildfire smoke and not the ash clean-up.

9.1 Essence of the practice

Air purifiers remove fine particulate matter from the air. Residents with a central heat pump or air
conditioning system check whether the system has a built-in air purifier (some do not). Those without
such a system acquire a portable air purifier. People receive notification of air quality events from
Environment and Climate Change Canada or provincial authorities such as Alberta Health Services.
These notifications come through the news media, the WeatherCan app, or the Canada Public
Weather Alerts website. Residents operate the air purifier during air quality events. They replace the
air filter as recommended, typically every 3 to 6 months.

It also helps to check or improve weather stripping around windows and doors and to fill in any
cracks or gaps with a bonding agent and filler.

9.2 Context

Every province and territory experiences wildfire smoke. Wildfire smoke currently kills or injures
dozens of people in Calgary and Edmonton every year. Smoke hours per year and the resulting health
impacts will double by mid-century. The smoke gets into homes in the air that enters through open
doors and windows or gaps in the building envelope. An air filtration system removes the fine
particulate matter from indoor air, protecting occupants.

9.3 Realistic expectations and vulnerabilities

Without creating a positive pressure building while actively monitoring and managing the indoor air
quality, wildfire smoke will continue to seep into buildings via cracks and openings.

Running air purification systems for extended periods and with higher MERYV filters increases energy
costs and requires more frequent maintenance. Filters must be changed according to usage and
manufacturer recommendations. Failure to do so reduces the effectiveness of the air filtration system.
Many people neglect maintenance.

Air filtration systems require electricity, so power failures can render them inoperative. Some people
may have to leave their homes during air quality events (e.g., outdoor workers), exposing them to smoke.

9.4 Clear behavior and material requirements

Residents buy and install the air purifier and replacement filters. They pay attention to the news
media, the WeatherCan app, or the Canada Public Weather Alerts website, listening for notification
of air quality events. They close windows and doors and operate the air purifier during air quality
events. They replace the filter every 3 to 6 months.
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9.5 Implementation cost

Portable air purifiers cost $100 to $300. Air purifier filters cost $20 to
$40 each.

9.6 Training, education, and outreach

Residents should know that wildfire smoke is deadly. By mid-century,
Calgary and Edmonton will experience over 24 smoke hours per year, killing
or injuring dozens of people in each city each year. Investing in a climate-
ready home means preparing for more wildfire smoke. Municipalities, public
health service providers, and community groups can teach residents about
the danger of wildfire smoke and how to adapt. Advocates can provide
literature and participate in outreach at public facilities, community events,
homeowner associations, healthcare facilities, and social media. ICLR has
prepared brief 1-page flyers for advocates to use. See our Climate Ready Homes
Advice to Homeowners.

9.7 Maintenance requirements

Replace the air filter as recommended, typically every 3 to 6 months. Clean the grill as necessary to

remove pet hair and other material that can clog it.

9.8 Examples of past use

Most if not all public health authorities present air quality recommendations.
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