LESSONS LEARNED

Local actions to reduce climate risks
faced by public infrastructure

By Paul Kovacs & Alexa Tanner
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This report celebrates 20 case studies of community-led initiatives successfully
introducing nature-based solutions that reduce the risk of damage.

Canadians must invest in resilience measures to manage the growing risk of loss
and damage from flooding, wildfire, and other extreme weather-related hazards.
Increasingly, this includes investments in green infrastructure.

Perhaps the most important lesson learned from these success stories is
that Canadian communities are taking action now. Local investments in green
infrastructure are generating environmental benefits and building community
resilience to climate extremes, with much more expected in the future.

Climate change is increasing the frequency and severity of many extreme weather
hazards. People and communities are responding, but evidence that more is needed
is found in the growth in direct damage to buildings and public infrastructure.

Traditional engineering solutions are effective in reducing the risk. At the same time,
there is a growing interest in nature-based solutions that also provide societal and
environmental benefits for the community. Green options are now available across a
range of hazards, providing valuable co-benefits and proven risk reduction outcomes.

Across the case studies, we observe a shift towards highlighting the co-benefits of
green solutions. This is driven by the desire to provide citizens with green spaces that
offer aesthetic appeal and natural amenities, as well as the need to manage nature
more effectively to enhance the services they provide. Often, interest in green
solutions was slow to build, but support grew stronger as community members
became aware of the societal and environmental benefits.

There are many reasons why communities have adopted nature-based solutions.
For some, it is about applying lessons learned during recovery from a storm, while
for others, it's the desire to provide citizens with more green spaces and other
benefits.Whatever the trigger, green infrastructure offers an alternative to building
back what was and continuing down the path of hard-engineered systems.The
presented case studies frequently reference that the path from where they were to
where they would like to be is built upon incremental changes and applying lessons
learned. Having council-approved long-term strategies and plans in place has enabled
communities to seize opportunities for doing things differently and utilizing green
solutions. These opportunities may arise from disaster recovery efforts, but they may
also come from external funding calls or unexpected opportunities to approach an
environmental challenge from a new perspective.

This report organizes the lessons learned across the 20 case studies from the
perspective of disaster risk reduction. In particular, we use the lens of the four
priorities for action set out in the Sendai Framework for Disaster Risk Reduction
that were developed by the United Nations and adopted by Canada and many
other countries.



Figure 2: Varennes is planning to more than double its tree canopy because of the
many benefits, including reduced health threats from extreme heat.
(Source: City of Varennes)
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Understanding how nature-based solutions can be used disaster risk
reduction

Parks, rivers, and other natural assets have great value to Canadians. Increasingly,
communities seek to understand this value. Deeper study and measurement of
benefits and costs can provide a foundation to focus local decision makers on
developing and preserving what we value most.

Natural systems also provide protection to Canadians at risk of flooding, wildfire,
and other extreme climate-related hazards. For many decades, we have measured
the consequences of direct damage to homes, buildings, and public infrastructure.
This report demonstrates that both engineered physical protection and nature-based
solutions have proven to be effective in providing protection. An emerging skill
involves rigorous practices to understand the benefits and costs of specific actions.
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The lessons learned begins with five communities that used research and analysis to
design effective nature-based programs.

Gibson has experienced repeated flooding. Present engineered water management
systems are failing to provide protection. Further investments in traditional
engineered systems would be costly with little community confidence that the
flooding problems would be resolved. The community found that nature-based
solutions, like stormwater ponds, provide multiple benefits at lower cost. Emanuel
Machado of Gibson said,"'Stormwater pond systems and the trees within them are
able to do a lot of the work that expensive engineered systems can do. Gibson now
gives precedence to nature-based alternatives.” Science and research provided a
foundation for the community to find its preferred solution.

Fox Creek is pioneering a new approach in Canada to wildfire management. Through
the fire season, wood piles accumulate as fuel is removed from the forests near the
community. These fuel piles are burned late in the year after the wildfire season has
passed. Fox Creek is experimenting with a ““cold fire" process. Native fungi will be
used seeking to break down more than 80% of the wood piles over three years
without the risk of burning by fire at year end.This is an innovative example of
experimentation to advance our understanding of the effectiveness of nature-based
solutions to current local issues.

Varennes is planning to more than double its tree canopy because of the many
benefits, including reduced health threats from extreme heat. The City began the
process by establishing a rigorous inventory of the existing urban forest. What trees
are in place! Where are they located?! What is the health of the existing trees?

This knowledge is used to support a program offering appropriate trees to each
homeowner and increase plantings in parks and other public spaces. Mathieu Vallée
from the City said,"Securing expertise that we didn’t have within our staff was crucial
in securing Council's support for current and future urban forest initiatives.”

Faced with increasing wildfire risks, the Village of Granisle implemented a proactive
vegetation management strategy to protect its community. Led by a strong
partnership between local groups, the project replaced flammable coniferous trees
with fire-resistant deciduous species to create a natural firebreak. This community-led
initiative not only reduced wildfire vulnerability but also enhanced forest sustainability
and local economic opportunities.

To address increasing flood risks and aging infrastructure challenges, the City of
Trois-Rivieres launched a pilot project on a local street that integrated nature-based
solutions into urban stormwater management. By installing 54 bioretention cells and
redesigning the streetscape, the City reduced runoff,improved water quality and
enhanced neighbourhood livability. The initiative has become a model in Quebec
for climate-resilient urban design, combining infrastructure renewal with ecological
benefits and community engagement.



Gathering data and conducting research to understand the local risk management
options are essential for successful long-term projects. Across the case studies,
understanding how nature-based solutions can be used for disaster risk reduction and
implementing projects is a long-term commitment. Projects built on themselves as
momentum, and data was gathered from previous iterations. With the foundational
technical and scientific knowledge, there is evidence for their success and interest in
continual investments at the local level.

Strengthening governance to support nature-based solutions

Historically, flood defense primarily focused on protection from dams, dikes,
berms, levees, seawalls, larger sewer capacity, and other physical structures. The
expected protection and cost from each approach is known as a result of decades
of experience. Senior governments had the authority and financial capacity to act.
Engineered solutions for flooding and other hazards were sometimes imposed on
communities.

The 20 success stories in this report are community-led initiatives. These communities
chose to invest in green solutions. These solutions were judged by the community

as superior to alternatives, including traditional engineered solutions. Green

solutions were not imposed on the community; they were embraced because these
communities selected the path forward.

The lessons learned continue with five communities that used community-led and
collaborative governance to design and implement effective green infrastructure
initiatives.

Merritt's recovery from catastrophic flooding included bold action to reduce the
risk of loss and damage from future flooding. An innovative, community-led process
was established seeking to build flood resilience by restoring the natural function

of the floodplain. Structures and infrastructure will be removed. Properties in the
project site were given the choice to be bought out. Six neighbouring First Nations
participated in the design of the flood reduction plan.The provincial government
provided technical support. The federal government provided funding. Sean Strang
from the City of Merrit said, this is an example of the community “deciding what to
do and telling the engineers so they can implement it!"

Vancouver sought to address a growing summer threat of drought and flooding,
combined with more intense winter storms. Traditional responses would have focused
on capital investments to expand the capacity of the sewer system. Consultation

with the Marpole community resufted in an innovative green solution. Street runoff is
directed into bioswales that treat and infiltrate 90% of runoff so it does not enter the
sewer system. Added green space absorbs rainwater; provides habitat for birds, bees,
and butterflies, and reduces the heat island threat. The public have access to more
green space with walking paths, fountains, and sculptures designed by indigenous
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youth, a welcome alternative to money spent on sewer pipe upsizing resulting from
active community consultation.

Central Winnipeg has 43 combined sewer districts where sanitary and rainwater
flows through a single pipe. Intense summer storms can exceed capacity and result in
basement flooding and overflows of untreated waste into rivers. Winnipeg established
a combined sewer overflow masterplan management that priorizes investments in
green solutions. This includes soil cells, rain gardens, and naturalized retention ponds.
Winnipeg is working to become a "'sponge city” with nature-based treatment chains
to ease stormwater runoff. Florence Lee with the City of Winnipeg notes that “Green
infrastructure is more visible to the residents...They value the benefits more than the
work we are doing underground.” Again successful outcomes because the process
involves the community.

Corner Brook sought advice about carbon reporting for their urban forest. The City
began preparing an inventory of local trees through ground-level data collected by
the community. With community support, the project grew into an urban forest
management plan to address adaptation to climate change and overcoming adverse
health impacts. Collaboration between the City, the local college, and federal
government led to the use of drones to capture aerial data. Data are used to target
areas in Corner Brook where actions are priorized with climate-informed decisions.
Trees are offered to residents in regions with a low tree density. Community events
are held to plant trees in high-needs regions, like around a local hospital that had
limited vegetation after construction.

Saskatoon is growing. Green space on the periphery was lost. Residents sought to
re-establish green areas through a Green Infrastructure Strategy. Community-led
consultation by Saskatoon’s Green Network helped to secure federal funding through
the Natural Infrastructure Fund. A broad community vision shifted to conversations
about implementation in more than 50 locations across the city. Projects include park
revitalization, expanding the urban forest canopy, and development of an inventory of
natural assets. A result will include reduced risk of damage from extreme rainfall and
reduced health threats from summer heat waves. Shannon Dyck observed growth in
public support for nature-based solutions when the project shifted from planning to
implementation.

These case studies demonstrate that integrating nature-based solutions into

local practices can transform a novel idea into a practical component of normal
community functions. Disaster risk reduction is one of the co-benefits that
communities receive from green infrastructure. By formalizing nature-based solutions,
local policies are established that lay the groundwork for future projects to build
upon. This strengthens risk governance as clear roles, coordination of efforts, and
decision-making pathways are established and tested for success.
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Figure 3: Ajax is using nature-based solutions to protect its coastline from erosion.
(Source:Toronto and Region Conservation Authority)

Investing in nature-based solutions for disaster risk reduction

Canadians are experiencing record-high loss and damage from flooding, wildfire, and
other climate-related extremes. There is an urgent need to invest in risk reduction,
including nature-based solutions.

Some green infrastructure projects are designed primarily to reduce the risk of
physical loss and damage, while also yielding other societal and environmental
benefits. Other projects focus on societal and environmental benefits, and reduced
physical and health risks are secondary benefits. The good news is that proven
benefits will result over time for the community. Green infrastructure is now
increasingly recognized as a mainstream and cost-effective option for solving current
issues.

The lessons learned continue with five communities that made proactive investments
in nature-based programs seeking to secure long-term benefits, including reduced risk
of disaster damage.

Ajax is using nature-based solutions to protect its coastline from erosion. The
project began exploring hard revetment protective structures but was redirected

by community feedback to focus on preserving a more naturalized shoreline.
Ultimately, Ajax invested in a cobble and boulder beach concept that better reflected
community values and environmental priorities. Local context needs to be central to
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the solution design process. Homes in Ajax are located further from the shore than in
many other communities, so the cobble and boulder approach proved to be effective
and popular.

Clarington has planted more than 8,000 trees since 2012 through its Trees for Rural
Roads program.Trees and shrubs provide many benefits, including acting as wind and
snow breaks. Trees provide canopy cover and wildlife habitat. Many trees in the area
are in poor health and/or are threatened by development. Most older trees were
planted more than 100 years ago in response to 1871 Ontario legislation directing
communities to pay landowners to plant trees on private property along roadways.
The current program is run in partnership between the Municipality of Clarington,
Ganaraska Region Conservation Authority, and Central Lake Ontario Conservation
Authority.

Guelph provides a $2,000 rebate to homeowners that install rain gardens. 20 to 25
new gardens are installed each year. The initiative promotes a nature-based solution
to reduce the risk of flooding, and the volume of water directed into the sewer
system. Rain falling on rooftops is directed through the garden away from homes and
sewers. Local water quality is improved as rainwater percolates through the soil. Also,
the flow of rainwater runoff is slowed as it moves to rivers and streams, reducing
flood risk.

The cities of Surrey and Delta and Semiahmoo First Nation launched an innovative
living dike pilot project to address rising sea levels and coastal flood risks. This
nature-based solution uses salt marsh, vegetation and gradual slopes to absorb wave
energy and reduce erosion, while also restoring habitat and supporting biodiversity.
The project has become a national model for climate-resilient coastal infrastructure.

Logan Lake is a small community in southern BC at risk of wildfires. They have used
goats to manage fuel loads through grazing, in addition to the conventional wildfire
fuel load management techniques. The goats are brought to the community from a
local farm each year and are used for target grazing in areas where traditional fuel
management techniques are not appropriate. In addition to reducing fuel load, the
goats draw community members into discussion about wildfire risk reduction.

When investing in nature-based solutions, there are many direct benefits, such as
disaster risk reduction, but there are also many indirect benefits that arise from the
investment. These benefits provide a cost-effective pathway for the community to
become more sustainable and resilient in the face of future hazards. Across the case
studies, investing in green infrastructure increases local capacity to manage risks locally
and provides restored natural systems for community members to enjoy.

Using nature-based solutions to build back better in recovery

Disaster recovery brings scope for investments in risk reduction, including green
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infrastructure. After a loss, there is strong public support for actions that reduce the
risk of future flooding and wildfire damage. Moreover, recovery funding often includes
additional funding to increase resilience in the recovery process.

Community consultation documented in a recovery plan is critical for those seeking
bold, transformative risk reduction. Pre-disaster recovery planning typically includes
community dialogue about resilience options preferred by residents. Implementation
following a loss is made easier because of the consultation that takes place.
Opportunity to add community protection and resilience is not lost in the rush to
restore function after a disaster; when community risk reduction preferences have
been clearly set out.

The lessons learned conclude with five communities that used nature-based solutions
to build back better in recovery from a disaster.

Fort McMurray is a community where wildfire damage risk reduction is a priority. In
2016, the community experienced Canada’'s most destructive wildfire. In recovery,
more than 400 hectares of forest cover in the region received FireSmart vegetation
treatment. The urban forest did not burn in 2016. It was decided to introduce

similar treatments to reduce fire risk on the Birchwood Trails. Community feedback
resulted in a more incremental approach to remove fallen spruce that are being
replaced with aspen and poplar trees. A FireSmart Interpretive Trail allows residents
to see FireSmart practices applied in an urban setting, further promoting wildfire risk
reduction.

Lower Kootenay Band have priorized use of traditional knowledge to restore flood,
drought, and wildfire resilience through wetlands restoration. Settler development
and agriculture resulted in the construction of dams, dikes, and other infrastructure.
Wetlands were disconnected from floodplains by the construction of dikes, ditching,
and impoundments. Many wetlands dried up. Traditional knowledge, historic
photographs, and modern techniques are now being used to remove the ditching,
dams, and impoundment dikes, to restore function in one of the largest wetland
restoration projects in Canada.

Parkland County is restoring wetlands for flood protection. Increased flooding in

the area since the 1950s coincided with the loss of more than half of the wetlands.
Parkland's Wetland Replacement Program included a project in Duffield. Intense
rainfall often washed out the only road into the area and threatened rail service. The
County excavated deep pools to hold standing water and designed a 4-acre wetland
to provide wildlife habitat while mitigating flooding. Nature-based solution, like
wetlands restoration, are now established as a proven and often preferred tool.

Quebec City is implementing nature-based solutions to support agricultural practices

for urban-adjacent landowners upstream to enhance flood resilience in urban areas
downstream. Success is the result of strong collaboration between the City and
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local agricultural landowners. Agricultural water needs were founded in research

and experience. Implementation was completed through a partnership with Ducks
Unlimited. Innovative concepts include two-stage ditches. The result has been
improved water quality and natural habitats along the river with reduced flooding risk
in the city. Green infrastructure solutions reduce downstream flood levels by slowing
and storing water.

Okotoks has longstanding drought and water supply concerns. These are amplified

by rapid population growth.The community is approaching its maximum capacity to
provide water through available water licenses. This is most evident in the summer
months with the added demand to water lawns. A xeriscaping rebate offers up to
$2,500 to remove grasses and install a drought-tolerant landscaping. Nature-based
solutions, like xeriscaping, can successfully address prolonged hazards like drought, and
reduce strain on an already stressed system.

Reducing disaster risk through building back better creates conditions for a more
resilient future. Having fewer people and infrastructure in high-risk regions and
strengthening the nature-based solutions can lessen the community's exposure to
hazards. Integrating green infrastructure into principles of disaster risk reduction
creates ecologically healthier and more resilient systems.
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