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Prelude:  Asset Management & Climate Resilience

Asset management principles closely align with climate resilience 

➢Forward-looking and Sustainable

➢Sound Asset Information

➢Robust, Repeatable and Transparent Decision-Making

➢Whole Life Cycle Cost Perspective

➢Risk-based Perspective

➢People-Focused
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Context Matters
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Climate Change and Canadian Communities
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Effects of widespread warming are evident in many parts of Canada and are projected to intensify in the future --
more extreme heat, less extreme cold, earlier spring peak streamflow, thawing permafrost, rising sea level.  

Precipitation is projected to increase for most of Canada; summer rainfall may decrease in some areas.  

Changes to seasonal availability of freshwater, increasing risk of water supply shortages in summer. 

A warmer climate will intensify some weather extremes in the future. Extreme hot temperatures will become 
more frequent and more intense... increasing the severity of heatwaves… drought and wildfire risks. While inland 
flooding results from multiple factors, more intense rainfalls will increase urban flood risks.  

Coastal flooding is expected to increase in many areas of Canada due to local sea level rise. The loss of sea ice in 
Arctic and Atlantic Canada further increases the risk of damage to coastal infrastructure as a result of larger storm 
surges and waves. 

-- From: Canada in a Changing Climate 2019



Increasing Significance of Climate Impacts`
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• Disasters are growing in frequency and severity in Canada.
• At $16.4 billion (B) in disaster losses, 2013-17 Canada’s most expensive 5-years. 
• A 2020 study by the Canadian Institute for Climate Choices found that the average cost per weather related disaster in 

Canada has soared by 1,250 per cent since the 1970s.
• Economic studies suggest that, by 2050 in Canada, the climate change costs for people, places and prosperity will range 

between $21-$43 billion/year and possibly higher if mitigation and adaptation planning are not undertaken

Source: Canadian Institute for Climate Choices



heat waves

Impacts of Climate Change across Canada

extreme weather: floods, heat 

waves, drought, ice storms
permafrost thawing

sea level rise & storm surges
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Hazards, Infrastructure Types, Risks – Climate as Amplifier
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Design Capacity

•Safety Factor

•Impact of age on structure

•Impact of unforeseen weathering

Design Load

•Change of use over time
• e.g. population growth

•Severe climate event
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How Small Changes can lead to Catastrophic Failure?
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Wide Recognition of Climate Risks and Need for Action
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2021 - World Economic Forum – Global Risks Report- The risks in terms of likelihood are: 
1. Extreme weather events with major damage to property, infrastructure and loss of human life
2. Failure of climate-change mitigation and adaptation by governments and businesses.
By impact: also, climate action failure but infectious disease replaces extreme weather 

2021 – Over 507 Canadian municipalities have passed a binding motion declaring a climate emergency. A 
2019 survey found that 42%  of local governments across Canada are carrying out some level of adaptation 
planning. 

2020 – FCM/IBC - Investing in Canada’s Future: The Cost of Climate Adaptation at the Local Level –
“..avoiding the worst impacts of climate change at the municipal level will cost an estimated $5.3 billion per 
year.”

2019 – Council of Canadian Academies – Canada’s Top Climate Change Risks report -- reviewed extent and 
likelihood of potential damage and identified the top risk area but also with most potential risk reduction to 
be physical infrastructure 



Global Action – Looking Ahead
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New U.S. Administration prioritizing climate action and infrastructure– 1)  Leverage information to manage climate risk    
2) Increase flow of finance for resilience & increase quality of adaptation programming 3) Multilateral cooperation

Climate Action Summit 2021 of the Global Commission on Adaptation 

Coalition for Disaster Resilient Infrastructure -- a global partnership and knowledge exchange platform to promote 
the resilience of infrastructure systems to climate and disaster risks.

Coalition for Climate Resilient Investment -- a private sector led coalition of companies, governments and multilateral 
organizations with a goal to transform infrastructure investment by integrating climate risks into decision-making, 
driving a shift towards a more climate resilient economy for all countries, including the most vulnerable. 

World Bank Resilience Rating System: A Methodology for Building and Tracking Resilience to Climate Change- provides 
guidance and specific criteria to assess resilience.
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• Many stakeholders calling for a green post-COVID recovery

• “Shovel-worthy, bounce back better, triple-duty of every dollar…..”

• A watershed moment for climate resilience

• Natural infrastructure: a key theme in green recovery recommendations 

Winter temperature changes (C) 1948-2016

Demand for a Green Recovery



Defining Climate Resilient Infrastructure 

Climate resilient infrastructure serves to 

Protects – shelters communities (e.g. berms) from climate impacts

Withstands / Accommodates – climate impacts (e.g. reinforced 
seasonal ice road / more permeable urban landcover)

Three key elements:  1) location, 2) design/build 3) planned 
operation and maintenance -- to minimize adverse effects on delivery 
of infrastructure services (e.g. water, energy, transportation), levels of 
service, and the rate of decay, failure, repair and replacement.

It can be traditional built or natural infrastructure and for new builds 
or rehabilitation/retrofit.
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Source

https://medium.com/@paulinazermeo/el-r%C3%ADo-ya-no-est%C3%A1-ah%C3%AD-pero-mientras-ya-construimos-un-puente-in%C3%BAtil-272170bfb379


Why focus on Climate Resilience? 
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Costs & Benefits 

Improving infrastructure resilience can: 

• Mitigate loss of life, injuries, illness, human suffering and other socio-economic consequences

• Enhance infrastructure and buildings performance and reliable levels of service

• Reduce the total cost of ownership of the building and economic loss from premature decay / failure

• Support jobs and economic growth

• Lower carbon footprints by reducing repair/replacement needs

• Support quality of life especially through co-benefits (e.g. air quality, green space)



Costs & Benefits

• A 2019 Global Commission on Adaptation report found that investments in climate resilience had benefit-cost ratios 
ranging from 2:1 to 10:1 and sometimes higher. 

• Implementing standards and guidance promoting climate resilience in construction standards have significant benefit-
cost ratios. At a national level, an economic assessment funded by INFC and developed by the National Research 
Council concluded the following:

• Widespread implementation of the National Wildland Urban Interface (Wildfire) Guideline for new construction 
could cost $150 million and save $900 million, a benefit-cost ratio of 6:1.

• Widespread implementation of National Guidelines for the Flood Resistance of Buildings could have a 11:1 
benefit-cost ratio

Infrastructure Deficit: 
• An assessment by the Canadian Infrastructure Report Card assessed much of Canada’s core public infrastructure as ‘at 

risk’; and while assessments vary – some estimate Canada’s infrastructure deficit is over $150 billion. 
• For Indigenous communities, the infrastructure deficit is about $30 billion with a need for clean water, sewage 

treatment, housing, clean power and broadband communications. 
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Canadian Context 
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Federal infrastructure initiatives that integrate adaptation and resilience : 

• Knowledge and capacity building – FCM programs, National Research Council support (incl future climate 
data)

• Direct cost-shared public infrastructure funding programs – population-allocated for provinces and 
territories to prioritize according to shared outcomes (ICIP); and as well merit-based programs (DMAF), 
and Gas Tax transfer.

• Assessments and strategies 
• National Adaptation Strategy: led by four federal departments including Infrastructure Canada
• National Infrastructure Assessment: to identify Canada’s long-term infrastructure needs and 

priorities
• National Risk Profile: to assess a range of risks and capabilities including flood, fire, earthquake
• Greening Government Strategy: a plan to transition to net-zero carbon and climate-resilient 

operations and recent commitment to prepare a Federal Climate Lens for operations and programs 



Climate Resilient Infrastructure & Core Public Infrastructure 

National Research Council-led integration of climate resilience into building and infrastructure 

guidelines, standards and to inform national model codes.

Some of the results across hazards and asset types:

• Future-looking climate data, including temperature, precipitation and wind data, based on over 

660 locations across Canada to be used by building and infrastructure codes and standards.

• Guidelines for conducting coastal flood hazard and risk assessments (incorporating sea 

level rise and other climate change effects)

• Guidelines for the design of flood-resistant buildings (including provisions for the design of 

new buildings and retrofitting/improving flood resistance of existing buildings)

• A national guide for wildland-urban interface (WUI) fires (involving a hazard assessment and 

guidance for community resilience and emergency planning in the face of WUI fires.)

• Guidance for the climate adaptation of existing bridges

Visit https://www.infrastructure.gc.ca/plan/crbcpi-irccipb-eng.html to learn more 
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https://www.infrastructure.gc.ca/plan/crbcpi-irccipb-eng.html


INFC’s Climate Lens 
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• Purpose of INFC’s Climate Lens 

• To provide meaningful insight into the climate impacts of individual projects 

• To encourage project proponents to incorporate climate change considerations into the planning 

and design of infrastructure projects

• Two components: 

• A GHG mitigation assessment, which measures the anticipated GHG emissions impact of an 

infrastructure project

• A climate change resilience assessment, which employs a risk management approach to 

anticipate, prevent, withstand, respond to, and recover and adapt from climate change related 

disruptions or impacts

• The Climate Lens applies across several Infrastructure Canada’s funding programs



Climate Resilience Assessments
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• The Climate Lens resilience assessment is a risk assessment that includes an analysis of future climate conditions 
and risk treatment for the proposed project. 

• The objective is to identify, evaluate and manage risks. 

Example Risk Evaluation Matrix
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Basic steps for resilience assessment: 
• Identify scope and timescale of assessment 
• Collect appropriate climate data for the 

potential climate parameters (increased 
precipitation, sea level rise, storms, wind, 
wildfires etc.) 

• Analyze data for the impact this could have on 
the asset, including the consequence and 
likelihood of impact

• Recommend adaptation measures to address 
any moderate  or high climate risks. 



Climate Resilience Principles 
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1. Proportionate Assessment- The level of effort and detail in assessing risk and identifying solutions 
should reflect cost, exposure, vulnerability, criticality in providing essential services. 

2. Systemic Analysis of Risk- A holistic approach should assess climate hazards according to likelihood and 
consequence, based on best available knowledge, and infrastructure interdependencies. 

3. Pursuit of Multiple Benefits- Maximize co-benefits opportunities, e.g. low carbon, nature-based 
solutions, equity considerations. 

4. Avoidance of Unintended Consequences- Avoid risk transference from one asset to others, preserve 
decision-making flexibility over time, and pursue no-regrets approaches. 



Climate Lens Results
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41%

38%

18%
3%

59% of Projects have High risk interactions

0 high risk interactions

1-3 high risk interactions

4-6 high risk interactions

7-10 high risk interactions

28%

24%

34%

12% 2%

72% of Projects have medium risk interactions

0 medium risk interactions

1-3 medium risk interactions

4-6 medium risk interactions

7-10 medium risk interactions

11-15 medium risk interactions

The Resilience Assessments show climate 
risks facing our public infrastructure 

The medium and high climate hazards of 
highest occurrence: Heavy/ increasing 
precipitation, wind, heavy snow/ ice, 

flooding and high temperature/ increasing 
temperature. 

To date, 91 completed resilience 
assessments representing 5.3 billion in 

federal funding through ICIP



Climate Lens Results continued… 
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Range of Solutions –
• Location 
• Design / build decisions
• Planned operations, maintenance, 

monitoring, and staffing 
• Event protocols

Natural Infrastructure is reflected in   
recommended solutions:
• Tree planting to mitigate against 

extreme heat
• Wetland restoration to address 

increasing stormwater
• Natural bioswales to mitigate 

flooding risks 

16%

31%

36%

11%

6%

Identifying Many Risk Reduction Measures

0 recommendations

1-6 recommendations

7-15 recommendations

16-25 recommendations

26 + recommendations



What is Natural Infrastructure?
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• Use of preserved, restored or enhanced ecosystem features and 
services (e.g., bioswales, green roofs, constructed wetlands, rain 
gardens, living dikes, urban trees, etc); including hybrid ‘green-grey’ 
solutions.

• Delivering targeted community services and multiple co-benefits for 
the environment, the economy, community health and well-being. 

• Community services include those that are delivered by traditional 
“grey” infrastructure, including: management of storm water, 
wastewater, drinking water, flooding, coastal erosion, mitigating 
temperature extremes.

• Natural infrastructure, when appropriately valued, measured, 
restored, constructed, and maintained offers convergence between 
community services and benefits that flow from protecting, 
maintaining and restoring ecosystems and physical and mental 
health. 

Source: https://www.washingtonnature.org/cities/stormwater/green-
infrastructure-infographic

https://www.washingtonnature.org/cities/stormwater/green-infrastructure-infographic


Natural Infrastructure: an Emerging Trend
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Globally:
• Global Commission on Adaptation and the ‘Nature-Based Solutions Year of Action’  
• World Bank Group, US Army Corps of Engineers, World Resources Institute, 
• IUCN development of a global standard for Nature Based Solutions

Nationally:
• A federal priority – the importance of “using nature-based solutions to fight climate 

change” Sept. 23 Speech from the Throne, a Stronger and More Resilient Canada
• Focus of the Canadian Council of Ministers of the Environment
• Canada’s strengthened climate plan ‘Healthy environment healthy economy’ released Dec. 

2020, includes embracing nature-based solutions

Key domains for natural infrastructure:
• Coastal management (erosion / storm Surge / flooding)
• Riverine flood management
• Municipal stormwater management
• Extreme heat mitigation

Simply put -- using nature-based solutions / natural infrastructure to cost-effectively 
provide infrastructure services and respond to impacts of climate change.



Natural Infrastructure as Restoration and Resilience
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Improved Water 
Quality

Coastal Erosion 
Mitigation

Increased 
Biodiversity

Physical and 
Mental Health

Wetland for 
flood control

Southern Ontario has lost roughly 70% of its 
wetlands during the last century. 

“NI is the intentional alignment of natural and engineering 
processes to efficiently and sustainably deliver economic, 
environmental, and social benefits through collaboration.” 

-US Army Corps of Engineers

Watershed Scale
• land conservation, greenways, wetlands, stormwater parks, 

floodplain restoration

Neighborhood and Site Scale
• green roofs, permeable pavement, tree canopy, vegetated 

swales, rain gardens, rainwater harvesting, tree trenches, green 
streets

Coastal Areas
• coastal wetlands, dunes, living shorelines, waterfront parks, 

oyster reefs
- US FEMA ‘Building Community Resilience with Nature-based Solutions’



Success Story: City of Vancouver’s Rain City Strategy
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Natural Infrastructure -- Silos, Creativity, and Cost

27

From: Collaboration 
on Nature-Based 
Solutions Is Key to 
Resilient City 
Infrastructure
By Lisa Beyer and 
James Anderson
July 7, 2020, 
TheCityFix, 
produced by the 
World Resources 
Insititute / Ross 
Center 

https://thecityfix.com/blog/collaboration-nature-based-solutions-key-resilient-city-infrastructure-lisa-beyer-james-anderson/
https://thecityfix.com/blog/author/lisabeyer/
https://thecityfix.com/blog/author/jamesanderson/


Challenging Dynamics
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Constraints on decision making using traditional 
measures of success 

Perception that returns would be too low, with a 
high initial cost

Power of established practice / risk aversion

Transaction cost of working across silos

Complex, context-specific, & technical knowledge 
gaps on sustainable infrastructure investments

Lack of defined, multi-solving policy frameworks



Amplifying Forces and Transformative Adaptation
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The Path Ahead – Discussion Starters
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How do we? 

1. Pursue smart risk-taking and rapid learning -- “Building a plane while we fly it” 

2. Measure co-benefits and multi-solve for shovel-worthy projects

3. Redefine success in an evolving context and with climate change?

4. Ensure marginalized voices are heard and considered in recovery plans?

5. Manage uneven distribution of climate change threats and vulnerability?

6. Develop guidance, standards and codes for natural infrastructure and grey-green 
projects?



Climate Resilient Infrastructure Resources
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1. CCCS: canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html
2. INFC’s Climate Lens: infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html
3. Climate Resilient Buildings and Core Public Infrastructure:infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html
4. DMAF: infrastructure.gc.ca/dmaf-faac/index-eng.html
5. ICIP Covid-19 Resilience Stream: https://www.infrastructure.gc.ca/plan/covid-19-resilience-eng.html
6. PIEVC: https://pievc.ca/
7. NRCan’s BRACE projects: nrcan.gc.ca/climate-change/impacts-adaptations/building-regional-adaptation-capacity-and-

expertise-brace-program/21324
8. Infrastructure and Buildings Working Group: http://www.ibwgsop.org/
9. FCM Municipalities for Climate Innovation Program: fcm.ca/en/programs/municipalities-climate-innovation-program
10. FCM Municipal Asset Mgmt. Program: https://fcm.ca/en/programs/municipal-asset-management-program
11. FCM Natural Assets Hub: https://fcm.ca/en/resources/mcip/natural-assets-bolster-climate-resilience
12. Natural Infrastructure- GIOC Resource Hub: https://greeninfrastructureontario.org/municipal-hub/
13. Climate risk institute Training and Credentialing in Climate Resiliency: climateriskinstitute.ca/training-and-credentialing/
14. Memorial University Centre for Risk, Integrity and Safety Engineering Trainings: mun.ca/engineering/crise/about_us/C-

RiseTutorialSeries.php
15. US EPA-ARC-X: https://www.epa.gov/arc-x
16. US Climate Resilience Toolkit: https://toolkit.climate.gov/

https://www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html
https://www.infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html
https://www.infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html
https://www.infrastructure.gc.ca/dmaf-faac/index-eng.html
https://www.infrastructure.gc.ca/plan/covid-19-resilience-eng.html
https://pievc.ca/
https://www.nrcan.gc.ca/climate-change/impacts-adaptations/building-regional-adaptation-capacity-and-expertise-brace-program/21324
http://www.ibwgsop.org/
https://fcm.ca/en/programs/municipalities-climate-innovation-program
https://fcm.ca/en/programs/municipal-asset-management-program
https://fcm.ca/en/resources/mcip/natural-assets-bolster-climate-resilience
https://greeninfrastructureontario.org/municipal-hub/
https://climateriskinstitute.ca/training-and-credentialing/
https://www.mun.ca/engineering/crise/about_us/C-RiseTutorialSeries.php
https://www.epa.gov/arc-x
https://toolkit.climate.gov/

