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CELEBRATING LOCAL 
LEADERSHIP
By Paul Kovacs 
This report celebrates communities across Canada that are adapting to reduce 
the risk of loss and damage from extreme weather. This includes reducing the risk 
of damage from flood, wildfire, severe wind, and other hazards. The Institute for 
Catastrophic Loss Reduction recognizes and commends the leadership evident in 
communities across the country working to get ahead of the growing risk of loss and 
damage from extreme weather.

Canada’s climate is changing. Significant further change is coming. In many 
communities, change will include an increase in the frequency and intensity 
of extreme weather events that will bring a growing risk of damage to public 
infrastructure and private property. Fortunately, action has begun in Canada to adapt 
current practices to better anticipate the impact of extreme weather. This report 
celebrates the leadership of local governments to help society adapt to extreme 
weather risks. The twenty case studies in this report illustrate successful actions taken 
by local leaders to confront the threat of extreme weather. These local actions are 
consistent with the views of the Institute for Catastrophic Loss Reduction about the 
best extreme weather adaptation and risk reduction practices.

A comprehensive local plan to adapt to change in the climate should include 
actions to deal with a climate that is becoming wetter, warmer, and stormier in 
many locations. Previous Cities Adapt reports by the Institute for Catastrophic Loss 
Reduction identified communities successfully adapting to an increase in extreme 
rainfall threatening urban flooding, and an increase in extreme heat threatening 
the health of Canadians. This report focuses on adapting to the threat of loss and 
damage from rivers flooding, coastal flooding, wildfire, tornado, hurricane, ice storms, 
avalanche, landslides, tsunami and other extreme weather hazards affected by change 
in the climate. The cases presented in this report identify specific adaptation and risk 
reduction actions that have been successfully implemented by local governments in 
Canada.

Extreme rainfall, heat, and weather will increasingly affect many communities across 
the country as a result of change in the climate. We are excited to identify and 
celebrate actions that have been successfully implemented by community leaders in 
Canada to adapt to these threats. We encourage local leaders to implement similar 
actions in your community. The identified actions are consistent with the Institute’s 
views about best practices to reduce the risk of loss and damage from extreme 
events. We are confident that similar actions will benefit most communities.
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The Institute for Catastrophic Loss Reduction is an international centre of excellence 
in disaster risk reduction. We are the oldest and largest university-based disaster 
research institute in Canada. The Institute is affiliated with Western University and 
has been a champion for building disaster resilient communities for more than 20 
years. Core funding and support for the Institute is provided by Canada’s insurance 
industry, an important leader in the promotion of disaster risk reduction research and 
outreach.

Preventable loss of life, injuries, and property damage due to disasters is unacceptably 
high. In 2015, Canada and more than 190 other countries that are members of the 
United Nations worked together to craft the Sendai Framework for Disaster Risk 
Reduction. The Framework sets out a detailed strategy to confront the risk of loss 
and damage from extreme events. The case studies presented in this report are all 
consistent with the four priorities for action set out in the Sendai Framework:

• Build back better in recovery
• Better understand disaster risk
• Strengthen disaster risk governance
• Invest in disaster risk reduction

Figure 1: Canada’s climate is changing. Significant further change is coming. In many 
communities, change will include an increase in the frequency and intensity of extreme weather 
events that will bring a growing risk of damage to public infrastructure and private property. 
(Source: Town of Percé)



Local governments across Canada are implementing actions consistent with the 
priorities for action set out in the Sendai Framework for Disaster Risk Reduction. 
Indeed, twenty examples are set out in this report. However, the loss and damage 
experienced in Canada due to extreme events has been rising at an alarming rate. 
Local leadership is welcome, but more action is urgently required. Much of the 
disaster damage expected in Canada is preventable through the application of 
existing risk reduction knowledge. There could be fewer lives lost, less destruction of 
homes and businesses, better protection of public infrastructure, and less disruption 
of local economies. Much of the anticipated damage from extreme weather can be 
avoided through a shift in mindset from preparing to respond when disaster strikes 
to one that also prioritizes investments in risk reduction, as demonstrated by the 
communities profiled in this report.

This report recognizes the leadership evident in communities across the country, but 
it is also a call for a significant increase in disaster risk reduction efforts. More action 
is needed by private industry, the federal government, and provincial governments. 
Moreover, while several local governments are leading the way, much more is needed 
at the local level. The most effective risk reduction and adaptation initiatives are 
typically led by local governments and private property owners, and Canada’s record 
of rising disaster damage combined with change in the climate warns that local 
governments and property owners must do more. The Institute for Catastrophic 
Loss Reduction is pleased to celebrate the leadership evident in the case studies 
presented in this report and welcomes the opportunity to work with local leaders 
and other stakeholders across the country to consider actions that can be taken to 
build the resilience of your community to the growing threat of extreme weather.
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LESSONS LEARNED
Local actions to address extreme 
weather

By Paul Kovacs

Source: Adobe Stock Photo



Every week or two there is another example in Canada of local governments 
confronted by extreme weather that is damaging property and disrupting their 
community. This includes a flood, wildfire or other natural hazard. It is exciting to 
observe the growing number of local leaders that are working to build climate 
resilient communities – communities that have taken action to reduce the risk to 
loss and damage from future hazards. In particular, many communities have begun to 
anticipate a future that is wetter, warmer, and stormier as a result of climate change. 
This includes communities responding to a disaster and choosing to build back better, 
and those investing in resilience in anticipation of future extreme weather events.

In 2015, the United Nations established an international strategy for managing 
disaster risk – the Sendai Framework for Disaster Risk Reduction. This strategy 
has been endorsed by the Government of Canada, several provinces, and many 
municipalities. The case studies and the lessons learned that are presented in this 
report demonstrate action underway in Canada to implement each of the four 
priorities for action set out in the Sendai Framework: 

 • Build back better in recovery
 • Better understand disaster risk
 • Strengthen disaster risk governance
 • Invest in disaster risk reduction

Build back better in recovery
Severe flooding resulted in loss of life and unprecedented damage across southern 
Alberta in 2013. Planning completed in advance of the flood empowered local 
leaders in High River to execute bold action during the recovery to reduce the 
future risk of flooding. Homes were removed, dikes were built, and a road was 
elevated. Mayor Snodgrass believes that High River is now “the most well protected 
community in Canada for flood risk” – a remarkable change in five years.

Perth-Andover, New Brunswick, experienced unprecedented flood damage in 2012. 
The village moved quickly in partnership with the province to prepare a strategy to  
eliminate flood risk. Most homes experiencing flood damage were relocated or 
flood-proofed. Some road sections have been elevated to ensure access to the 
hospital. Extensive renovations were made to the hospital and high school. There 
is, however, no commitment yet to relocate or protect businesses and other 
non-residential buildings at risk.

Kangiqsualujjuaq is a small Inuit community in Quebec. During a 1999 New Years’ Eve  
celebration more than 400 residents were in the school gymnasium when it was 
struck by one of Canada’s most deadly avalanches. Local leaders worked with 
provincial officials to rebuild the community to be resilient to avalanche risk.  
New construction is now prohibited within 100 metres of the bottom of a hill  
or mountain. All homes in the exclusion zone were relocated or demolished. 
Provincial funds were provided to repair damaged infrastructure and support the 
relocation of local businesses.
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A severe storm in late 2016 resulted in the destruction of the concrete wall 
protecting the boardwalk, motels, restaurants and shops in Percé, Quebec. The town 
had experienced prior losses and disruption due to coastal erosion and flooding. The 
town supported research before the collapse to assess possible actions to protect 
the community. The community was able to act quickly in response to the 2016 event 
because of its collaboration with the research community in establishing a detailed 
recovery plan.

Metro Vancouver is vulnerable to a number of hazards, including catastrophic 
earthquake, coastal flooding, and riverine flooding. Research warnings about the 
potential for extensive loss of life and tens of billions of dollars of damage encouraged 
the community to develop a regional resilience recovery framework, including a 
resilience vision and strategy to build back better in recovery. The three-year project, 
which involves local emergency managers, academics, and critical infrastructure 
partners, will be completed in 2019.

Recovery from disaster presents an opportunity for bold and science-based action 
to improve the climate resilience of a community. Communities should establish a 
resilience vision for recovery from any disasters that may occur. The funding and 
public support required for transformational improvement in disaster resilience are 
often only available for a brief period, immediately following a loss. These can be 
accessed if the community is prepared to act. 

Figure 2: Damage following a severe storm in 2016 in the Town of Percé.  
(Source: Town of Percé)



Better understand disaster risk
All local governments in Canada have prepared an assessment of local hazards. 
Provincial legislation requires that these assessments be regularly updated and filed 
with the province. However, these reports typically focus exclusively on community 
preparedness to respond to disasters and seldom include the rigorous analysis 
required to support action to address risk reduction. In all of the case studies in this 
report, the communities have included actions to better understand the risks they 
face, a detailed understanding that supports disaster risk reduction and adaptation 
to extreme weather. External consultants and academic advisors, like the Institute for 
Catastrophic Loss Reduction, are now widely available to support local officials in 
completing this analysis.

The District of North Vancouver has won international awards for its innovative 
leadership in reducing the risk of loss and damage from landslides, wildfire, 
earthquake, and other natural hazards. A particular element of the District’s efforts 
celebrated in this report is the development of risk tolerance, or acceptable risk 
criteria. Most risks can be reduced but not eliminated. At some point, the residual risk 
may become acceptable to the community relative to the high cost of further risk 
reduction. This approach of defining acceptable risk is widely used in private industry, 
but is only emerging in the public sector, with the District of North Vancouver acting 
as a pioneer.

Fort Nelson First Nations is surrounded by forests and is at risk of loss from wildfire. 
The community participated in a pilot program with a variety of partners that 
resulted in preparation of FireSmart risk reduction plans for 170 structures in the 
community. The use of drones and the application of the FireSmart program has 
greatly increased understanding of fire risk in the community. Specific risk reduction 
actions have been identified that can be used to champion action to build a fire 
resilient community. Resilience begins with a deep understanding of risk.

Surrey has experienced nuisance flooding, especially during king tide events, and 
sought to develop a detailed understanding of the coastal flood risks associated with 
rising sea level and climate change. They implemented a multi-year program with 
engineering and climate studies, but also participatory, community-driven planning. 
A diverse set of options – protect, accommodate, retreat – were discussed with 
community groups, business associations, farmers and neighbouring communities. The 
goal for Surrey is to get ahead of the risks associated with sea level rise by building a 
shared, long-term vision for the community.

Moncton developed a climate change adaptation and flood management strategy. 
Better understanding of future rainfall intensity allowed the City to replace a major 
culvert with a 20 percent increase in capacity to accommodate a 100-year storm in 
2100.



10
11

In 2013, Ontario experienced a severe ice storm. Brampton suffered extensive loss 
and damage, including 20,000 homes without power and 50,000 trees destroyed. 
The community developed a 10-year plan to re-establish the forest canopy. The plan 
focused on the planting native species resilient to ice damage and the importance of 
a variety of trees. Brampton is creating a climate-resilient urban forest.

Understanding the risk is an essential foundation to support effective investments 
in risk reduction, ideally taking into account the expected impact of change in the 
climate. We can build disaster resilient communities, but this is best done through a 
rigorous assessment of the risk of loss and damage, and a thorough evaluation of the 
alternative risk reduction options.

Strengthen disaster risk governance
Local officials have a leading role in the management of the risk of loss and damage 
from extreme weather, but responsibility is shared with other stakeholders. There 
is considerable scope to reduce loss and damage by improving governance of the 
issue and expanding the number of stakeholders participating in the management of 
severe weather risk. The Institute for Catastrophic Loss Reduction consistently finds, 
for example, that most property owners fail to fully participate in managing the risk of 
damage to their home or business.
 
A variety of non-governmental and private sector organizations participate in 
disaster response efforts in Canada. Many have the potential to move beyond simply 
responding to events and could also contribute to disaster risk reduction efforts. This 

Figure 3: Damage following the December 2013 ice storm in Brampton. 
(Source: City of Brampton)



includes the Canadian Red Cross, the Salvation Army, Mennonite Disaster Service, 
St. John Ambulance, the United Way, the local Humane Society, and local food banks. 
Insurance companies, major local employers, and other business leaders also have 
considerable self-interest in taking actions to enhance the capacity of the community 
to more effectively cope with extreme weather hazards.

Montreal is the first community in Canada to establish a resilience office, a Chief 
Resilience Officer, and a Resilient City Strategy. The 2018 strategy sets out a five-year 
plan for the city to collaborate with a variety of partners in building a community 
better able to anticipate and recover from severe weather and other shocks.

Prince Albert is located near the Nisbet Provincial Forest and is at risk of wildfire. 
The Crutwell fire threatened the community in 2012, numerous fires occurred in the 
area in 2015, and the tragic impact of the fire that destroyed parts of Fort McMurray 
contributed to the creation of the Nisbet Forest Protective Strategies Working 
Group. The Group brings together a broad range of public and private sector 
collaborators to plan and promote fire risk reduction efforts.

The most costly disaster in Canada’s history included the destruction of more 
than 2,000 homes in Fort McMurray. The extent of the loss brought together new 
collaborations that are now working to anticipate future events. For example, the 
insurance industry, with support from the Canadian Red Cross, picked up and 
disposed of 12,000 refrigerators and freezers. The community, province and the 
Canadian Red Cross are promoting FireSmart.

Wildfires burned across British Columbia in 2017 and 2018. Kamloops established 
new collaborations to provide unprecedented support for evacuees. This included 
pre-identification of reception centres, training of volunteers and establishment of 
new communications protocols.

Extreme weather events can result in tremendous strain on emergency medical 
systems. Kingston, Frontenac, Lennox, and Addington Public Health pioneered the 
development of systems to monitor and anticipate emergency department volume, 
hospital admissions and surge capacity from threats that now include extreme heat, 
air quality during wildfires, and tornado. As these tools are installed across Ontario a 
number of partnerships and collaborations are emerging.

All of the cases in this report involve local leadership acting in partnership with 
other stakeholders to jointly champion disaster resilience and adaptation. Working 
with the public, other levels of government, private industry, and non-governmental 
organizations is a critical element for communities seeking to move beyond 
responding when disaster strikes to a strategy of proactively managing the risk of loss 
and damage from extreme weather.



Invest in disaster risk reduction
The Institute is aware of dozens of examples across the country of local action to 
reduce the risk of disasters and adapt to extreme weather. We are proud that we 
have supported several of these efforts. Each year more communities have begun 
implementing disaster risk reduction.

Many tornadoes are experienced in Ontario each year. Dufferin County’s Chief 
Building Official, Mike Giles, is aware of research supported by the Institute for 
Catastrophic Loss Reduction that demonstrates how inexpensive measures, like 
hurricane clips, can significantly reduce the risk of damage from tornadoes. The 
County introduced a $4.50 rebate for each $1.00 clip installed in new homes. More 
than 2,000 were installed during the first 18 months of the program. Dufferin County 
provides an example of local leadership to advance community resilience.

Victoriaville has introduced financial incentives for homeowners and builders to 
promote sustainability and reduce the carbon footprint in buildings. The program 
includes incentives for a number of adaptation measures like hurricane clips and 
window shutters to reduce the risk of severe wind damage, and actions to cope with 
extreme heat, like reflective roofing, high performance windows, and shading devices 
for windows. This innovative program has extended to eight other communities 
across Quebec.

Perth County earned an award of excellence from the Canadian Association of 
Chiefs of Police for partnering with a private company to develop a tool to better 
anticipate road conditions in an emergency. Municipal 511 was developed by 
Transnomis Solutions to provide emergency response personnel with the best 
information about how to travel to their destination quickly in an emergency.

Richmond is vulnerable to flooding from storm surge, high tides, rising sea level, and 
overflow from the Fraser River. The community has made significant investments in 
flood protection. The community’s new flood management strategy acknowledges 
that climate change and seismic risk will require extensive further investment. 
Richmond seeks to integrate its flood management strategy into the Fraser Basin plan.

Tofino’s Tsunami Warning System was tested in 2012 when a 7.7 magnitude 
earthquake struck north of the community. In 2016 and 2017, the community hosted 
more than a dozen community engagement events to support tsunami education. 
This investment in preparedness will reduce the risk of fatalities and injuries when a 
major tsunami strikes.

 



SECTION 1 
 

BUILD BACK BETTER IN RECOVERY

Build back better in recovery: The growth of disaster risk means there is a need 
to strengthen disaster preparedness for response, take action in anticipation of 
events, and ensure capacities are in place for effective response and recovery 
at all levels. The recovery, rehabilitation and reconstruction phase is a critical 
opportunity to build back better, including through integrating disaster risk 

reduction into development measures. 
 

Source: UNISDR - Sendai Framework for Disaster Risk Reduction

Source: Adobe Stock Photo
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HIGH RIVER 
Investing in flood defense infrastructure

By Leila Darwish

Source: Town of High River



THE SCIENCE

Floods are the most frequent natural hazard in Canada. In 2013, following a heavy 
rainfall, flooding in parts of southern Alberta resulted in excess of 5 billion dollars 
in damage, Canada’s most costly flood. One of the hardest hit communities 
was the Town of High River. On June 20, 2013, the Highwood River reached 
a record-breaking flow rate of 1,820 cubic meters per second, overflowing its 
banks and flooding the town. The flood forced the evacuation of 13,400 people 
and damaged 6,300 structures, including 5,400 homes. Though flood mitigation 
infrastructure can’t stop a flood from happening, it can reduce the flood risk for 
specific areas and limit the impact of future floods. 

THE TRIGGER

The extensive damage from the flood of 2013 triggered the Town of High River to 
pursue flood mitigation measures along the Highwood River to protect the town 
from future extreme flood events. Due to the damage caused by earlier flooding 
events, High River had previously researched possible mitigation strategies that could 
be implemented to reduce flood risk. Armed with plans and information, the Town 
was able to move quickly to access significant funding for mitigation projects and 
flood protection infrastructure in the aftermath of the 2013 floods. 

THE APPROACH

To date, over $200 million has been invested in flood mitigation and protection 
for the community. This includes: the construction of permanent and interim dikes, 
returning two neighbourhoods to an undeveloped state to allow more room for 
the Highwood River to flow, the installation of backup emergency notification 
systems, and continued training for Town of High River staff. Over 8.5 kilometres of 
permanent dikes have been constructed along the Highwood River. These have been 
built to protect against the river flows experienced during the 2013 flood, plus one 
additional vertical metre of free board protection. Additionally, Canadian Pacific rail 
bridge was removed to eliminate a troublesome chokepoint on the Highwood River 
and the Municipal District of Foothills raised 498 Avenue to protect a key access 
route and act as a berm. 

The Town is working with the Alberta provincial government to demolish and 
renaturalize the districts of Beachwood and Wallaceville, two of its most flood-prone 
and hardest hit neighbourhoods. Though they faced initial opposition, the mayor and 
council pushed ahead, as the renaturalization of the area allowed engineers to widen 
the river channel, eliminating another critical chokepoint in the Highwood River and 
providing a greater degree of flood protection for the entire town. Taking a “room 
for the river” approach, the Town sought to improve the flow of the Highwood River. 
The Town worked with the Alberta Government to purchase 150 properties in the 
neighbourhoods, moving residents out of the floodway. 
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Legend

Permanent Dikes

Interim Dikes

Proposed Dikes

Proposed SW Dike

Proposed 5 St Dike

Proposed Eagleview Dike

Centre Street Flood Gate
(Completed by May 2018)

Town of High River
Flood Mitigation Program

(Design to be �nalized. Constructed 
pending funding, regulatory approval 
and landowner negotiations)
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THE OUTCOME

As a result of the push to install new flood mitigation infrastructure and buyouts, 85 
percent of the community had flood protection by the first-year anniversary of the 
flood. Additional projects have since continued to increase the flood protection and 
resilience of the town. New funding will allow construction to continue on two more 
berms and a bridge to help shelter High River if the Highwood River should again 
spill its banks. 

Flood management remains a key priority for the Town of High River. The Town has 
also been acknowledged for its approach of building back better, receiving an award 
from the Canadian Institute of Planners and the Alberta Professional Planning Institute 
at the annual Building Resilience Conference in Calgary in June 2017. 

Figure 4: Town of High River Flood Mitigation Program 
(Source: Town of High River)



A WORD FROM HIGH RIVER

Craig Snodgrass, the mayor of High River, emphasized the importance of having plans 
ready in advance to access mitigation funding. “I would tell any community to get 
ahead of the game – invest in the design work and plans now. With climate change, 
the chances of this happening to any community is greater and greater. For funding 
proposals, having the information in front of you and being able to hit the ground 
running from day one is a huge advantage when you are hit by a disaster.”

Mayor Snodgrass also highlighted the importance of political will. “The 2013 flood 
was in June, and we had our municipal election that October. People who wouldn’t 
normally step into municipal politics did. We were all in the same mindset because 
of the state of High River. We were focused on getting the town back on its feet 
and protecting it from this ever happening again. I know we had to make some hard 
decisions, but it’s paying off now. You can put in all the money you want, but if you 
don’t have the political will to do the right thing, you are done.”  

When it came to the 2013 flood, Mayor Snodgrass focused on the opportunities 
it provided for High River. “We went through hell in 2013. We had a ‘build it back 
better’ mentality and now we are the most well protected community in Canada for 
flood risk. We made room for the river to flow through our community safely. There 
are areas that can be protected, there are areas that can’t. You need to make those 
decisions. The biggest opportunity the flood gave us was our downtown rebuild. Our 
downtown economy had been struggling for 40 years and this was the opportunity 
to reface the downtown and do business in a different way. That is one of the places 
where we have succeeded. High River is now a much better place to live because of 
the flood. That was our goal 4 years ago, we wanted to look back in 5 years and say 
we are better because of the flood, not worse. When disasters like this happens, you 
need to look at the opportunity presented to make your home better, your business 
better, your whole community better.”  
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Source: Village of Perth-Andover

PERTH-ANDOVER
Relocating homes and businesses to 
avoid flooding

By Paul Kovacs 



THE SCIENCE

A permanent and long-lasting solution to the risk of flood damage may include 
removal of structures at risk and dedication that the land will remain open space 
for public use. Some high-risk structures can be moved while others are demolished 
and rebuilt out of harm’s way. The community ensures that the land will be used 
for walking trails and other recreational uses, or be allowed to revert to its natural 
state. Relocation preserves jobs in the community, and allows families to continue to 
use the same schools.

Some jurisdictions in Canada and many in the United States have adopted this 
strategy. Some involve expropriation of the highest risk properties. Many offer 
voluntary buyouts. Most communities in Canada, however, experienced difficulty 
in securing financial and other support for implementation. It is also challenging to 
build and maintain public support. 

Since a major flood in 2012, the Village of Perth-Andover in New Brunswick has 
sought to relocate homes, businesses, and other properties at high risk of flooding. 
Progress in Perth-Andover illustrates the importance and power of local leadership.

THE TRIGGER

Flooding in March 2012 resulted in unprecedented loss and damage to homes, 
businesses, churches, and public buildings. More than 150 structures were damaged 
or destroyed in a village with a population of 1,600. Businesses were temporarily or 
permanently closed. Personal possessions were lost. The community experienced 
evacuations and severe disruption. Moreover, the community learned that it is 
possible that future water levels could exceed those experienced in 2012. A 
consensus emerged that the risk of recurring flooding must be confronted.

Community and public records reaching back to 1801 show that Perth-Andover 
experienced almost no flood events until 1976. After a hydro dam was constructed 
on the St. John River, the community experienced flooding in 1976, 1987, 1993 
and, 2009, but these events resulted in relatively little damage and disruption when 
contrasted with the extent of the flooding in 2012. A number of studies completed 
immediately following the 2012 event established a new scientific and engineering 
consensus about flood risk in the community.

THE APPROACH

After the flooding in 2012, local leaders in Perth-Andover established a community 
consensus in support of a new long-term strategy to reduce the risk of loss and 
damage due to flooding. A central element of the strategy involved the relocation 
of homes, businesses, and other organizations at risk. Village leaders consistently and 
aggressively pressed for a comprehensive and permanent solution.

In 2016, the Village and the Province of New Brunswick published a joint 
redevelopment plan. The plan sets out a bold vision to develop a resilient, vibrant 
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and safe community. The plan is based on new science an engineering analysis of the 
risk of flooding. It sets out a comprehensive plan of action that includes investments 
to locate the downtown business area at an elevation that could realistically withstand 
future flooding events, considering the impacts of climate change. The plan includes 
concept drawing, construction estimates and identification of land requirements.

THE OUTCOME

Most homes experiencing severe flood damage in Perth-Andover in 2012 were 
relocated or flood-proofed. Local leadership, timely risk analysis, provincial disaster 
assistance, and federal financial support were critical to supporting actions to 
significantly reduce the risk of future flood damage to homes, with a primary focus on 
relocating homes revealed to be at high risk. The devastating flood resulted in local, 
provincial, and federal collaboration to protect homeowners. Local and provincial 
leadership was critical to secure this important outcome.

The province has begun acting to develop critical roads in the community. In 
particular, they are working to ensure access to the hospital during periods of high 
water and to correct safety issues with the intersection of Route #105 and Route 
#109. Some road sections will be elevated and some properties will be bought out. 
There may be scope to raise the elevation of businesses located on roadways that 
will be elevated but that is not yet determined.

Provincial funding has been provided to construct a new building to house boilers 
and utilities above the flood level for the local hospital and to demolish the flooded 
portions of the hospital. Extensive renovations to the electrical and heating systems 
and lockers have been completed in the high school.

Figure 5: The picture above shows the first home that was relocated in Perth-Andover. 
(Source: Village of Perth-Andover)



Absent at this time, however, is a mitigation program for businesses, churches, and 
other organizations affected by the 2012 flood, and funding to support a relocation 
plan to reduce the risk of future damage. Many businesses, churches, and other 
organizations in Perth-Andover are located in areas now identified as flood zones. 
Village leaders continue to press for a comprehensive flood strategy that protects 
homeowners, public buildings, and businesses. A lasting solution to manage the risk of 
severe flooding should include relocation of homes and other structures away from 
zones at risk. 

There is, however, no commitment at this time for funding to relocate or protect 
non-residential structures at risk in Perth-Andover. The Village has indicated that it 
is willing to provide tax incentives for new buildings outside of the flood zone, a 
temporary reduction in utility costs for a relocated business, and assistance to cover 
the cost of moving power lines. The Village is seeking to secure land outside of the 
flood zone that could be used by businesses and other organizations. In brief, the 
Village has committed to do everything that it can to protect homes, businesses, and 
others in the community from the risk of severe flooding, with a focus on relocation 
away from harm, and it seeks additional support from the federal and provincial 
governments.

A WORD FROM PERTH-ANDOVER

When asked about her thoughts on the relocation process pursued in Perth-Andover, 
Marianne Tiessen Bell, the Mayor of the Village responded that “The ability of the 
business owners in our community to continue operating – providing goods and 
services and employing staff – depends on eliminating the risk of flooding once and 
for all.  If flooding cannot be prevented, then the businesses need to move away 
from the river.”  The community continues to call on the provincial and federal 
governments to provide the necessary and reasonable support to make this possible.  
Until then, businesses are in limbo, unable to confidently expand or upgrade their 
buildings while the threat of devastating flooding exists.  Mayor Tiessen Bell went on 
to say that “Natural and man-made disasters occur across the country.  We believe 
that the solution to Perth-Andover’s ice-jam flood risk – relocation grants, moving 
costs, forgivable or low-interest loans, rent subsidies, tax incentives, etc. – can serve as 
a model for other communities in Canada that suffer disasters.”
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KANGIQSUALUJJUAQ
Mitigating avalanche risk through 
land-use planning

By Sophie Guilbault

Source: Wikimedia commons



THE SCIENCE

Snow avalanches happen when a mass of snow loses its attachment to an 
inclined surface, such as a hill or mountainside. While there are several thousand 
snow avalanches in Canada every year, only a very small percentage occur near 
communities, transportation routes, or recreational areas. When avalanches happen 
in areas where there is human activity, they can cause various levels of damage 
depending on their type, mass, path length, and impact pressure. Snow avalanches can 
be triggered by a variety of factors including wind, rain, warming temperatures, skiers, 
snowmobiles, etc. 

In Canada, avalanches are mostly known to happen in the mountains of British 
Columbia, Alberta, and the Yukon. However, some happen in other areas of the 
country, such as northern Quebec. In this remote region, the majority of avalanche 
incidents have happened on short and steep slopes (minimum of 30º incline) with a 
poorly vegetated plain surface at the top. These specific conditions are known to be 
favourable to snow drifting and the formation of overhanging edges of snow. 

THE TRIGGER 

One of the deadliest avalanches in Canadian history affected Kangiqsualujjuaq, a 
small Inuit community located in Quebec, on the east shore of the Ungava Bay. The 
village of Kangiqsualujjuaq was established in 1959 in a valley surrounded by a small 
mountain ridge. Given its northern location, the community is particularly isolated 
and can only be accessed by air transportation. Travelling in and out of the community 
in the winter months is particularly challenging, as flights to and from the village are 
highly dependant on weather conditions. 

During the early hours of January 1st, 1999, between 400 and 500 residents of 
Kangiqsualujjuaq were gathered in the gymnasium of the village’s school to welcome 
the New Year. Shortly before 2 AM, a dry slab avalanche rapidly slid down the hill 
located behind the school. The gymnasium was instantly buried and one of its walls 
collapsed under the immense pressure, leaving several people covered by two metres 
of snow. While some were able to escape, others were unfortunately not rescued in 
time. Nine individuals lost their lives in this tragedy and 25 were injured.  

THE APPROACH

Following the avalanche, an investigation took place mandated by the Quebec 
Ministry of Public Safety. The Coroner’s report indicated that several factors 
contributed to the fatal outcome of the avalanche that affected Kangiqsualujjuaq. 
First, it appears that negligence related to the construction and renovation of the 
school over the course of 25 years was to blame for the way the building sustained 
the impact of the avalanche. Second, the lack of hazard zoning in the village also 



contributed to the devastating outcome. Finally, poor risk management of snow 
avalanches in the area also contributed to the consequences of the January 1999 
avalanche in the village of Kangiqsualujjuaq. 

Following the Coroner’s investigation, recommendations were made to reduce risks 
associated with snow avalanches in Quebec. In addition, Quebec’s Public Safety 
requested that the Norwegian Geotechnical Institute (NGI) assess snow avalanche 
hazards and possible mitigation measures for villages located in Nunavik and on the 
Lower North Shore of the St. Lawrence River. Experts from NGI partnered with the 
Quebec Ministries of Public Safety and Natural Resources and visited 14 communities 
in the pre-identified areas to evaluate the risk of snow avalanches faced by these 
communities and to delimit the run-out distance of avalanches with a return period 
of 1:100 years. 

In an effort to assist the Inuit community of Kangiqsualujjuaq, the Government of 
Quebec invested $30 million (1999 dollars) to introduce three different assistance 
programs. The first program was focused on emergency measures, including the 
provision of temporary shelters and clothing, the repair of damaged snowmobiles 
and sledges, and the reimbursement of the expenses covered by the organizations 
that helped the victims of the avalanche. The second program was developed to 
repair the infrastructure and equipment damaged during the event. The third and 
final program helped with the relocation of local businesses that were in high-risk 
areas. In the spring of 1999, the Ministers of Public Safety and Aboriginal Affairs 
signed a five-year agreement (1999-2004) with the Kativik Regional Government. The 
$700,000 agreement was used to set up a regional organization and municipal civil 
security organizations for 14 northern villages to mitigate future risks faced by these 
communities. 
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Figure 6: In Canada, avalanches are mostly known to happen in the mountains of British 
Columbia, Alberta and the Yukon. However, some happen in other areas of the country, such as 
northern Quebec. (Source: Adobe Stock Photo)



THE OUTCOME

Following the Kangiqsualujjuaq avalanche and the recommendations that came out 
of the coroner’s report, several actions were taken by Quebec’s Ministry of Public 
Safety to reduce the future risk of injuries and fatalities due to snow avalanches. For 
instance, the day after the avalanche, the Ministry recommended the establishment 
of an exclusion zone of 75 metres to municipal authorities that would cover the 
area between the bottom of a hill or mountain and the closest street. Later on, 
the recommended exclusion zone was increased to 100 metres. Not only did this 
prevent future construction in the exclusion zone, but the Quebec government also 
decided to relocate the exposed buildings outside of the hazard zone. Homeowners 
that had to relocate outside of the risk area were presented with three different 
options. If their house was considered safe from an engineering perspective, the 
building could be moved to a different area of the village. Homeowners could also 
choose to build a new property or buy an existing home in a safer area of the 
community. Finally, they were also given the possibility to receive a fixed amount of 
compensation, based on the value of their house, to vacate the hazardous area. Given 
the high number of homes that had to be relocated, the Government of Quebec 
funded the relocation program over several years until all buildings were relocated 
outside of the avalanche risk area, or removed. 
 
A WORD FROM KANGIQSUALUJJUAQ

Following the Kangiqsualujjuaq avalanche, Quebec’s Ministry of Public Safety led the 
recovery operations that took place in the village. At the time, François Morneau 
worked as a Scientific Coordinator and Risk Management Specialist for the Ministry 
and was involved in the recovery and rebuilding operations that took place in the 
community. When asked about his thoughts on the decisions that were made in 
the rebuilding of Kangiqsualujjuaq, Mr. Morneau said that “When it comes to risk 
management, it is important to show leadership and not be afraid to make hard 
decisions that could positively impact the long-term future of a community. In 
Kangiqsualujjuaq, the Ministry decided to rely on the expertise of NGI because of 
their familiarity with the type of landscape that is found in Northern Quebec. Their 
expertise allowed us to establish an adequate exclusion zone for the community, and 
for other villages in Northern Quebec. The decision to relocate buildings outside of 
this exclusion zone in Kangiqsualujjuaq was extremely important as it contributed 
to keep the population from harms way and reduce the risk of future losses from 
avalanche.”
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PERCÉ
Evaluating the costs and benefits of 
adaptation options 

By Sophie Guilbault

Source: Town of Percé



THE SCIENCE

Canadian municipalities are often faced with competing priorities when it comes to 
investing in their future. This is especially true when trying to decide which adaptation 
options to choose when aiming to build safer and more resilient communities. 
Cost-benefit analysis has proven to be a great tool to assist local decision makers in 
their effort to pick the best climate adaptation options for their municipality.  

The process of comparing expected costs and benefits provides more information 
on the likely efficiency of an adaptation investment, and can assist in comparing and 
prioritizing different adaptation measures for a specific situation. Using a cost-benefit 
analysis can be helpful for municipalities, as it allows them to compare the impacts of 
various options through the use of a single metric and can help municipalities justify 
their decision-making process. Furthermore, it can provide an economic justification 
for investing in adaptation. 

THE TRIGGER

In 2012, Natural Resources Canada established the Climate Change Adaptation 
Platform. Its objective was to provide a national forum supported by key working 
groups that would allow representatives from different sectors, including government, 
industry, communities, researchers, and professionals, to collaborate on climate change 
adaptation priorities. Under the platform, the Economics Working Group aimed to 
develop economic knowledge and tools that could assist decision makers in making 
better informed decisions as to the implementation of climate change adaptation 
measures. 

Ouranos is a non-profit organization based in Montreal whose mission is to 
acquire and develop knowledge on climate change and its impacts in order to help 
policy-makers identify, evaluate, promote and implement adaptation strategies. It 
has been an active contributor to the Economics Working Group of the Adaptation 
Platform. The Group launched an initiative to conduct economic assessments of the 
impacts of climate change, as well as cost-benefit analysis of adaptation options for 
coastal communities in Quebec and Atlantic Canada. Ouranos and the Laboratoire 
de dynamique et de gestion intégrée des zones côtières at the Université du Québec 
à Rimouski partnered with the Town of Percé and four other communities to assist 
them in their adaptation effort. The Town of Percé was approached to become a 
partner in this research initiative because of their longstanding relationship with 
Ouranos, and because of the climate risks faced by the community. 

For many years, the coastline of the Town has been affected by sea level rise, erosion 
and severe storms that resulted in flooding events. More specifically, in recent years, 
two major storms have affected the coast in the Anse du Sud area, in 2010 and 2016. 
Both resulted in significant damage to the recreational and touristism facilities along 
the coastline.
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THE APPROACH

Over the years, rising sea levels, loss of ice cover, and changes in weather patterns 
accelerated the degradation of the coastline in Percé, particularly affecting the 
boardwalk and properties located on the coast. It became clear that climate 
adaptation measures were needed to better protect the area. Ouranos undertook 
a study, using cost-benefit analysis to determine optimal adaptation options for 
protecting the coast in the context of climate change. The analysis was designed to 
compare the net present value and the cost-benefit ratio for different adaptation 
options, and to compare these values with those associated with no intervention. 

Beyond economic impacts, the researchers evaluated environmental and social 
impacts for each option, as well as the cost of each of the suggested adaptation 
measures. The cost of the adaptation measures was estimated by considering 
construction and maintenance costs over 50 years. 

A key area considered under the study was the Anse du Sud area, an important 
heritage and economic hub for the Town. In recent years, the Town and the Provincial 
government have had to invest tens of thousands of dollars annually to repair the 
concrete seawall supporting the boardwalk. Emergency interventions over time 
have kept the wall standing, but by the time the study was completed, the wall was 
coming to the end of its life. Without appropriate protection, it was estimated that 
this portion of the coast would experience approximately 15 cm of erosion every 
year as of 2020. 

Figure 7: Major storms affected the coast in the Anse du Sud area, in 2010 and 2016, resulting 
in significant damage to the recreational and tourism facilities along the coastline. (Source: Town 
of Percé)



Five different options were considered by the research team to protect the area: 
the construction of a new seawall, rock-filling the shoreline, installing a riprap, and 
replenishing the beach with or without groynes. The option that emerged as the most 
beneficial economically was the beach replenishment with pebbles. The benefits of 
this option were valued at approximately $773 million over 50 years compared to 
the non-intervention option, which was estimated to cost the town $705 million. This 
implied a net benefit of $68 million for the town, mostly originating from a 2 percent 
increase in tourism as a result of the intervention. Construction costs associated with 
the beach replenishment with pebbles option were also lower than all the other 
options considered in the analysis.

THE OUTCOME

Once the analysis was completed by Ouranos and their research partners, the Town 
of Percé started promoting the Anse au Sud beach replenishment with pebbles to 
various ministries with the hope of receiving funding to move the initiative forward. 
In December 2016, a severe storm affected the area, resulting in the destruction of 
the concrete wall previously in place to protect the boardwalk and neighbouring 
properties, motels, restaurants and shops. The storm caused important damage in the 
community and ended up reinforcing the need for intervention in the area. Shortly 
after this event, the Town was awarded funding for the beach replenishment with 
pebbles. 

A WORD FROM PERCÉ

When asked what recommendations she would give to other municipalities 
interested in pursuing similar initiatives, Lisa-Marie Gagnon, the Planner in charge of 
the coastal rehabilitation project for the Town of Percé, attributed the Town’s success 
to strong partnerships with the research community, and to the fact that the Town 
was able to plan ahead and take action quickly when funding opportunities were 
made available. “Small towns do not always have the resources to have engineers in 
their staff and rarely have the capacity to conduct comprehensive research initiatives 
to assist with their decision making process. For the Town of Percé, it was very 
important to surround ourselves with the right players, and to actively promote the 
initiative so that our project was well known by various ministries when the time 
came to receive funding and move forward with the construction,” said Ms Gagnon. 
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Source: Adobe Stock Photo

METRO VANCOUVER
Pre-disaster recovery planning

By Paul Kovacs



THE SCIENCE

Disaster damage in Canada has increased five to ten-fold over the past four or five 
decades. Most of the communities affected have had an emergency response plan to 
guide their efforts. Very few, however, had a pre-approved disaster recovery plan to 
direct rebuilding and reconstruction. In 2016, local and regional governments in Metro 
Vancouver identified the need to look in more depth at disaster recovery to address 
a gap in existing disaster management efforts. 

Recovery from minor incidents will benefit somewhat from advance planning. 
Significant gains, however, are possible by planning in advance of large, catastrophic 
events. Rebuilding and reconstruction present opportunities to advance disaster 
resilience, as the most vulnerable elements of the current system may suddenly need 
rebuilding or relocation. A major disaster provides an opportunity to build back better. 
The foundation for successful recovery planning involves development of a vision 
for a disaster-resilient community. Catastrophic events introduce scope to consider 
relocation of structures at high risk and modernization of vulnerable structures.

There is often a one or two-year window following large disasters to consider 
implementing enhancements to community disaster resilience rather than rebuilding 
the community largely as it was. Pre-disaster recovery planning to develop a 
community vision can support bold action despite the limited time available. 
Pre-disaster recovery planning is rare in Canada but is more common in the United 
States and Japan. 

THE TRIGGER

It is inevitable that the Vancouver area will experience a catastrophic event. This may 
involve a large earthquake, coastal flooding or river flooding. A number of recent 
studies have identified the potential for tens of billions of dollars in earthquake 
or flood losses, fatalities, injuries, and disruption. The release of these studies has 
increased public awareness of the risk.

The provincial Auditor General issued a number of reports challenging the province 
and the region to prepare for the risk of a catastrophic earthquake. The Insurance 
Bureau of Canada commissioned research into the impact of a severe earthquake. 
The Fraser Basin Council has published its analysis of the impact of catastrophic 
flooding. 

Moreover, Vancouver, British Columbia and the Government of Canada have  
adopted the United Nation’s Sendai Framework for Disaster Risk Reduction. One  
of the four priorities for action in the Framework involves recovery planning to build 
back better.
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THE APPROACH

The planning for regional recovery project adopted a whole-of-society, all-hazards 
approach. The primary resource team for the project involved local emergency 
managers from across the region. They were supported by a small advisory team of 
emergency managers, academics, and critical infrastructure partners. And the project 
was led by two members of the Integrated Partnership on Regional Emergency 
Management (IPREM) Steering Committee. This is similar to the best practices 
approach to pre-disaster recovery planning used in the United States.

In 2017, Metro Vancouver hosted two workshops to consider a recovery framework. 
A variety of stakeholders were invited to refine a vision for recovery. They also 
worked to identify the most urgent recovery needs for the region. 

In 2018, the focus shifted to the development of a regional resilience recovery 
framework. The goal was to ensure a consistent approach to recovery and shared 
recovery priorities across the region. The project sought to enhance understanding of 
disaster resilience concepts and principles among stakeholders and decision makers.  
The project also sought to identify the responsibilities of critical partners and to 
establish expectations about timelines for recovery.

The third and final phase of the project will take place in 2019.

THE OUTCOME
 
Preparation of a resilience vision and pre-disaster resilience recovery framework for 
Metro Vancouver is well ahead of the efforts elsewhere, as most communities across 

Figure 8: The planning for regional recovery project adopted a whole-of-society, all-hazards 
approach. (Source: ICLR)



Canada do not have a recovery plan. It is too early to identify measurable outcomes, 
as the final report is not yet complete. Nevertheless, the project remains on track 
and appears to enjoy considerable support across the region. Development of a 
resilience vision has enhanced the strong collaboration and partnership across the 
region. There is benefit from the process of working together to prepare a recovery 
plan.

Most pre-disaster recovery plans in the United States address process and 
coordination issues. Moreover, they often address recovery from smaller-scale 
incidents, as these are the risks that are most likely to take place over the next five to 
ten years. All of these hazard recovery plans are welcome and useful, but they often 
do not present a bold resilience vision. In contrast, recovery planning based  
on catastrophic events introduces the potential for significant, transformative change 
in a community.

Metro Vancouver is exposed to catastrophic earthquake and flood risks. It will 
be interesting to see to what extent the final report addresses its recovery from 
catastrophic events, or proposes the value of further work to consider these risks.

A WORD FROM METRO VANCOUVER

When asked about her thoughts on the initiative pursued by Metro Vancouver, 
Shannon Peterson, Project Manager for the Integrated Partnership for Regional 
Emergency Management, mentioned that the true value of the Planning for Regional 
Recovery Project has been in building further trust through shared conversation 
toward disaster recovery in the Metro Vancouver region. Ms Peterson went on to 
say, “IPREM’s approach has been to present opportunities to collaborate and expand 
awareness through engagement. Recovery and resilience are complex and layered 
conversations, addressing them pre-disaster will save time and capacity post-disaster. 
Relationships are key, we aim to build new and existing connections with partners, 
such as Non-Government Organizations, businesses and other social entities, at every 
step in the process. Having champions for the disaster recovery conversation, like 
those provided by IPREM’s Recovery Project Champions from City of Vancouver and 
Ministry of Social Development and Poverty Reduction, ensures buy-in and support 
to move forward. It is through clarity of roles and responsibilities that local leaders 
and partners can effectively reduce impacts to communities and work toward a more 
resilient future.”



SECTION 2 
 

BETTER UNDERSTAND  
DISASTER RISK

Better understand disaster risk: Disaster risk management should be based on 
an understanding of disaster risk in all its dimensions of vulnerability, capacity, 
exposure of persons and assets, hazard characteristics and the environment. 

Such knowledge can be used for risk assessment, prevention, mitigation, 
preparedness and response. 

 
Source: UNISDR - Sendai Framework for Disaster Risk Reduction

Source: Adobe Stock Photo
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DISTRICT OF NORTH 
VANCOUVER 
Determining tolerable risk

By Paul Kovacs



THE SCIENCE
 
The risk of damage, injuries, and fatalities due to natural hazards can be reduced 
but, in most circumstances, it cannot be eliminated. Best practices for managing risk, 
including extreme weather risk, include the determination of acceptable or tolerable 
risk as a minimum target for risk reduction efforts. The idea of clearly determining 
acceptable risk is widely used in private industry but is only used selectively in the 
public sector at this time. For example, the provincial and territorial governments 
provide maps identifying high risk zones for unacceptable flood damage, and building 
codes set out minimum standards to prevent losses from identified magnitude 
hazards. The District of North Vancouver is an international leader in the application 
of tolerable risk of loss from natural hazards at the community level.

THE TRIGGER

Eliza Kuttner was killed and Michael Kuttner was seriously injured by a landslide while 
sleeping in their home in the District of North Vancouver. A wall of mud and debris 
destroyed their home when the backyard on top of the slope over the home gave 
way. Six other homes above or beside the former home of the Kuttners have been 
demolished and the land is now used as a community park because the risk was 
determined by the community as unacceptable.

The Coroner found that the deadly landslide was “predictable and preventable.” 
The area was subject to previous landslides, with several properties in the District 
identified as subject to significant risk. Moreover, the Coroner was critical of the lack 
of action by the District and the province to address the risk of loss from landslides. 
This tragic event led the District to embark on an aggressive, long-term program 
to reduce the risk of loss and damage in the community from landslides and other 
hazards. This included the development of natural hazard risk-tolerance criteria 
- along with comprehensive risk assessments, hazard development permit areas, 
structural mitigation and ongoing public communication. 

THE APPROACH

The District established a Natural Hazards Task Force that reviewed disaster 
risk reduction best practices from countries including Hong Kong, the United 
Kingdom, and Australia. This included an assessment of the concept of targeting 
disaster management efforts to result in reducing the risk of loss until it is As Low 
as Reasonably Practical (ALRP). This concept has been used in Canada to guide 
medical decisions and other public safety actions but had never been used by a local 
government to identify acceptable or tolerable risk of loss from natural hazards. 

Under the ALRP approach it must be possible to demonstrate that the cost to 
reduce a risk further would greatly exceed the benefit gained. This approach is 
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used to determine tolerable risk based on science, engineering, and economic 
considerations. In contrast, acceptable risk is largely determined based on judgement. 
A private corporation may ask their Board of Directors to identify the maximum 
acceptable risk for the organization. The District’s risk tolerance criteria were 
developed through research, public input, and prior regional knowledge. 

THE OUTCOME

Risk tolerance criteria have been used on an interim basis to manage landslide risk in 
the District of North Vancouver since 2005. The Council-approved criteria and risk 
reduction strategy have been in effect since 2008 to manage the risk of loss from 
several hazards including landslides, wildfire, flood and earthquakes. The District’s 
approach to hazard risk reduction has been widely praised as innovative and effective. 
Indeed, the District has been recognized as a “role model city” for the United Nations’ 
Resilient Cities campaign. In 2011, the District won the United Nations’ Sasakawa 
Award for Disaster Risk Reduction. 

Consistent with research by the Institute for Catastrophic Loss Reduction and others, 
the cost of disaster risk reduction is moderate when renovating an existing home 

Figure 9: Six other homes above or beside the former home of the Kuttners have been demo-
lished and the land is now used as a community park because the risk was determined by the 
community as unacceptable. (Source: Google Maps)



or building, and very low for new construction. Appropriately, the natural hazard 
risk tolerance criteria established by the District of North Vancouver have different 
objectives for renovations and for new developments. An overview of the criteria 
shows that the tolerable expected loss of life must be: 

 • Less than 1 in 10,000 (plus ALRP) a year for re-developments and major   
               renovations
 • Less than 1 in 100,000 (plus ALRP) a year for new developments and        
    subdivisions.
 
Published risk tolerance criteria provide clear objectives for developers. Developers 
are permitted to decide the specific risk reduction actions they will use but they must 
demonstrate that the overall risk of loss meets the community expectations.

A WORD FROM THE DISTRICT OF NORTH VANCOUVER

The District of North Vancouver’s risk tolerance criteria have been in place for more 
than a decade. As part of the Official Community Plan implementation review, the 
policy is slated for review in 2019. There are two main anticipated next steps. First, 
the application of the concept of ALRP will need to be refined - perhaps by creating 
a peer review panel of qualified professional engineers and geoscientists to review 
development applications that may fall into the tolerable risk range. Then, examples 
of risk reduction best practices at the site level (construction methods, setbacks, 
bedroom placements, etc.) will need to be provided to aid developers and property 
owners in designing and building disaster resilient structures that meet the ALRP 
criteria.

When asked what advice she would give to other communities across Canada, Fiona 
Dercole, Director, North Shore Emergency Management and staff lead for the North 
Vancouver project to establish risk tolerance criteria said “An important reason for a 
community to implement disaster resilient building policies is to limit the creation of 
new risk. Most communities already have their hands full dealing with existing risks – 
these demands will only increase as the impacts of climate change become more and 
more apparent.”
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FORT NELSON
FIRST NATION
Community FireSmart home ignition 
zone assessment training
By Leila Darwish

Source: First Nations Emergency Services Society



THE SCIENCE

Across Canada, wildfires burn an average 20 000 km2 of forest each year, with the risk 
of wildfire increasing as climate change brings higher temperatures, milder winters, 
and drier summers to some parts of the country. 

Wildfire continues to be one of the most pressing issues facing many communities 
in British Columbia. Fort Nelson First Nation and The North Rockies Regional 
Municipality share a common boundary and are situated in Northeast British 
Columbia. Both are surrounded by a continuous wildland forest and are at risk from 
wildfire. In 2015, the Northern Rockies Regional Municipality experienced over 100 
wildfires, with many and in around the community of Fort Nelson and the Fort 
Nelson First Nation.

Research by the Institute for Catastrophic Loss Reduction has proven that FireSmart 
mitigation strategies can significantly reduce wildfire risk to properties and their 
surroundings. The importance of making structures FireSmart through the use of 
proper building materials and landscaping has been highlighted by the 2016 Fort 
McMurray fire. The structures that survived the blaze in otherwise decimated areas 
were structures that aligned with FireSmart recommendations, either by default or by 
conscious design.   

THE TRIGGER

In the winter of 2015, the First Nations Emergency Services Society (FNESS) 
facilitated regional workshops on fire prevention initiatives with First Nations 
communities across British Columbia. Through those workshops, FNESS connected 
with Partners in Protection Association, the organization behind the FireSmart 
program. Representatives from both organizations discussed the Home Ignition Zone 
Assessment initiatives coming out of the United States, as well as training that had 
taken place in Slave Lake, Alberta.  In some wildfire-prone states in the United States, 
homeowners cannot get home insurance for wildfires unless they have their home 
assessed and then complete the recommended actions for reducing fire risk to their 
property. Once completed, they are given a certificate that allows them to get fire 
insurance. To date, within British Columbia there has been no requirement or ability 
to collect individual FireSmart structure and site hazard statistics in a format that 
can be centrally stored, tracked, and accessed, nor has there been a comprehensive 
program focused on providing professional advice to address the spacific and unique 
vulnerabilities of individual structures.

Previous work done by FNESS with the Fort Nelson First Nation highlighted a lack of 
information about fire risk to structures that existed on the reserve. The Fort Nelson 
First Nation’s updating of their Community Wildfire Protection Plan presented an 
ideal opportunity for the community to take their wildfire mitigation work to the 
next level. From this, the FireSmart Home Ignition Zone Wildfire Mitigation and UAV 
Pilot Project was born.
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THE APPROACH

The FireSmart Home Ignition Zone Wildfire Mitigation and UAV Pilot Project is a 
partnership effort between Fort Nelson First Nation, the North Rockies Regional 
Municipality, FNESS, BC Wildfire Service, Partners in Protection, and six private 
funders. The pilot project is taking place on the main reserve of the Fort Nelson First 
Nation.  

The project provides the Fort Nelson First Nation members and North Rockies 
Regional Municipality with the necessary skills, knowledge, certification, and 
equipment for the implementation of key FireSmart wildfire prevention methods 
for residential property within the wildland urban interface. The project also trains 
participants in the use of drones for taking aerial imagery to identify high risk areas. 

The data collected will be used to develop and implement FireSmart mitigation 
activities on individual properties, to provide residential and critical infrastructure 
statistics required for community wildfire protection planning, for all hazards 
emergency management planning, for fuel management treatments, and more.

THE OUTCOME

The pilot program was launched in February 2017 with a four-day training on wildfire 
behaviour, wildfire mitigation tools and methods, and structure and site assessments 
for fire risk. It was paired with field days for practicing assessments on structures, and 
the submission of the assessments through a mobile application device to  a database 

Figure 10: The pilot program was launched in February 2017 with a four-day training on wildfire 
behaviour, wildfire mitigation tools and methods, and structure and site assessments for fire risk. 
(Source: First Nations Emergency Services Society)



managed by Partners in Protection. Twenty people were trained, with ten community 
members and two consultants from the Fort Nelson First Nation, five members from 
North Rockies Regional Municipality, and two members from BC Wildfire Service.  
This was the first time such training had been offered to a First Nations community 
and only the second time the training had been delivered in Canada.

The Assessment training was followed up in May 2017 with Commercial Drone 
training. In July, training participants from the Fort Nelson First Nation began 
assessments for the 170 structures on the main reserve. 

The project has applied to expand its scope beyond the 170 structures on Fort 
Nelson First Nation’s main reserve to include potential high-risk structures in the 
municipality. The pilot project has also attracted interest from other First Nations 
communities and municipalities across the province. 

A WORD FROM FORT NELSON FIRST NATION

According to Larry Price, the project coordinator and a Forest Management Specialist 
with the First Nations Emergency Services Society, “The big thing is to make sure that 
the people living out in areas of high risk to wildfire not only understand the risk, but 
that they also understand that there are people out there who can work with them 
to build the capacity to go in and do these assessments on the reserves and adjacent 
areas, and to implement activities to make their communities more FireSmart.”

In order to access the funds needed to run the training program and finance future 
wildfire mitigation activities, Mr Price emphasizes that teamwork is essential.  “You 
work together to identify the risks and then work as a team to apply for funding. In 
particular with Fort Nelson First Nation, they share a common boundary with the 
neighbouring municipality and were able to work jointly with them and leverage 
funding.” 

Training communities in the wildland urban interface to do fire assessments may not 
be a requirement now, but Mr. Price is looking ahead to the future. “In Canada, the 
assessments aren’t required, but they gather information that is critical to supporting 
emergency response operations, community planning and mitigation efforts, and 
building skills and awareness locally.”
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SURREY
Rising sea levels and coastal flood  
adaptation

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

The City of Surrey manages the largest flood control system in British Columbia, 
with nearly 40 kilometres of coastline and over 100 kilometres of dikes along rivers 
and coastal waters. As a result of climate change, coastal communities like Surrey 
are projected to experience more frequent and severe flooding from sea level rise 
and storm surges. The coastal flood plain comprises 20 percent of Surrey’s land base, 
and includes residential neighbourhoods, businesses, the Semiahmoo First Nation, 
productive farmland, internationally significant natural habitats, and both provincial and 
national critical infrastructure and transportation routes. Over 2,500 people will be 
affected by rising sea levels in Surrey’s residential areas and neighbourhoods.

Surrey’s coastal lowlands already experience nuisance flooding, especially during 
storm surge and king tide events. Additional sea level rise and storm surge impacts 
could include rising groundwater levels, saltwater intrusion, increased shoreline 
erosion, and higher water levels and duration of flood events. Studies show that the 
existing flood control protection and drainage systems will not be sufficient to deal 
with the projected future impacts of sea level rise and climate change, and significant 
investments in upgrading existing flood control measures will be required.  

THE TRIGGER

In 2011, the Province of British Columbia released the Climate Change Adaptation 
Guidelines for Sea Dikes and Coastal Flood Hazard Land Use. It outlined the 
requirements for flood protection that municipalities were expected to meet, which 
included measures to manage a one-metre rise in sea level by the year 2100 and a 
two-metre rise by 2200. In 2014, the city started an engineering review of climate 
change impacts on the drainage utility. “We decided to do our own technical studies to 
look at sea level rise and how it would impact us over time,” explained Carrie Baron, 
Drainage Manager at the City of Surrey. “We have a lot of dikes and we wanted to 
know where to go first. The technical studies showed us where and when we were 
the most vulnerable, and why we needed to do this. We then needed to involve 
the community.” In 2016, the City of Surrey launched the Coastal Flood Adaptation 
Strategy (CFAS), a three-year planning effort to increase Surrey’s resilience.

THE APPROACH

According to the City of Surrey, the “CFAS takes a participatory, community-driven 
planning approach directly engaging residents, stakeholders, and other partners, 
including Semiahmoo First Nation, community and environmental organizations, 
business associations and groups, senior governments, farmers, the agricultural 
community, and neighbouring jurisdictions to identify short, medium and long-term 
options to adapt.” The participatory values-based approach used by CFAS was 
chosen to ensure that the adaptation options developed would be broadly 
supported, robust, transparent and defensible. CFAS looked at three low-lying areas: 
Mud Bay, Crescent Beach, and Semiahmoo Bay. Four general adaptation approaches 
were introduced: Protect, Accommodate, Retreat, and Combination. From these, a 
diverse set of options was developed with stakeholders. 
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The Coastal Flood Adaptation Strategy has five phases. Phase 1 (2016) centered on 
extensive public and stakeholder engagement to establish an understanding of the 
challenges posed by sea level rise, and also to identify shared values in the community 
and preliminary adaptation options. Phase 2 and Phase 3 (2016-winter 2018) focused 
on what could be done and what would be acceptable to residents and stakeholders. 
It centered on envisioning, refining, and evaluating various adaptation options. The 
appropriateness of a wide range of adaptation options was assessed across engineering, 
economic, social, cultural and ecological indicators, and were then refined with 
stakeholder and partner input. Among these adaptation options were status quo, 
managed retreat, coastal realignment, building coastal barriers and barrier islands/
spits, elevating structures and key infrastructure, and building super dikes. The coastal 
flood adaptation options were shortlisted through a participatory process involving 
community members, stakeholders, and experts from local universities, government, 
and environmental organizations, as well as multi-disciplinary staff, planners, and 
engineers from the City of Surrey and multiple consultancies. 

Phase 4 includes further development of the preferred options using more technical 
analysis. A small number of robust, broadly supported adaptation strategies will be 
refined into preferred strategies based on cost, funding and partnerships. The results 
will be presented to the broader stakeholder community, with another round of 
engagement to inform the final recommendations. Phase 5, to be completed by early 
2019, is the final phase of the project, and will combine the final preferred options into 
a long-term strategy for the City of Surrey.  

 

Figure 11: Surrey’s coastal lowlands already experience nuisance flooding, especially during 
storm surge and king tide events. (Source: City of Surrey)



THE OUTCOME

With a strong focus on community engagement and education, the CFAS project 
used multiple forms of outreach. Descriptive videos were utilized to help residents 
visualize the impacts of sea level rise. Workshops were held to engage and educate 
key stakeholders and public participants, including some bus and foot tours of the 
study area. Local residents, farmers, First Nations, and business owners were included 
as speakers at these events and in marketing materials to provide a compelling local 
narrative. CFAS also used community mailers, online surveys, social media outreach, 
photo contests, interactive story maps, youth events, stakeholder-specific workshops, 
and pop-up outreach stations in the most vulnerable communities.  

Currently in Phase 4 of the project, the Coastal Flood Adaptation team have narrowed 
down to ten the number of adaptation options for coastal flooding in Surrey across 
the three study areas. Through a participatory process, the city heard from the public 
and several diverse stakeholders on the benefits and trade-offs associated with various 
adaptation options. The remaining ten options have been grouped based on timescale 
(short, medium and long-term solutions) and budget pathways. CFAS should be 
completed by early 2019. The findings will also feed into the Lower Mainland Flood 
Management Strategy, a regional study by the Fraser Basin Council. 

A WORD FROM SURREY 

The CFAS project has been praised for its community engagement efforts. Carrie 
Baron emphasized the importance of making complex information accessible. “The 
complexity of the issue is very challenging. Don’t talk at your residents, listen to them. 
It is important to get people to the sites to see what these areas look like and to hear 
from local speakers. You have to make it real, but you don’t want to scare people. 
It’s a fine line, and the narrative is important.” Ms Baron also stressed the need to 
engage multiple levels of government. “We are a local government, but there is a lot 
of federally and provincially regulated infrastructure that goes through our area, like 
highways and railways.” 

When it came to the controversial topic of managed retreat, the CFAS team seeded 
the discussion by starting with the four broad pathways for adaptation, one of which 
includes retreat. “Retreat doesn’t necessarily mean full-scale retreat. It is not black and 
white, and having the iterations of workshops with residents helped us to delve into 
the different criteria and what made the most sense for the community,” said Matt 
Osler, Senior Project Engineer with City of Surrey. “A powerful part of the project was 
having three study areas, so no one community felt singled out and it showed it was a 
city-wide issue.” 

In a February 2018 interview for WaterCanada, Surrey’s mayor Linda Hepner  
stated, “The complexity and cost of coastal flood protection issues are significant. 
By getting ahead of the issue, and setting a direction now for where we want to be in 
100 years, we are positioning Surrey to make smarter investments in the protection  
of residential neighbourhoods, businesses, significant habitat areas and provincially 
critical infrastructure.”
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Source: City of Moncton

MONCTON
Rethinking flood management strategies 

By Mikaela Comella and Sophie Guilbault



THE SCIENCE

Climate projections until the year 2100 predict an increase in the severity and 
frequency of rainfall and storm events for the Province of New Brunswick. In New 
Brunswick, the City of Moncton has a long-standing history of flooding events. The 
city is adjacent to the Petitcodiac River, a tidal river influenced by the famous Bay of 
Fundy, which experiences some of the largest tides in the world. The City of Moncton 
is vulnerable to an increase in the severity of flooding, but also sea level rise. A 
study completed for the City of Moncton predicted that relative sea level rise will 
gradually increase to approximately one metre over the next century. The city, as a 
result of extreme weather, has already experienced road and highway closures, home 
evacuations, and a halt in communications and business activities on several occasions 
due to previous flooding events. It is expected that the situation will worsen under 
future climate projections. 

THE TRIGGER

In April 2010, the cities of Moncton and Dieppe, and the town of Riverview 
participated, in a Regional Adaptation Collaborative (RAC) program, a cost-shared 
federal program developed to identify and reduce the impacts of climate change 
on Canadian communities. Through this partnership, a technical study was produced 
identifying climate change trends and what they mean for the region, as well as 
creating flood plain mapping that projected flood levels during a 100-year flood. In 
the fall of 2012, the results of the project were presented to Moncton City 
Council, who requested the development of an action plan. In June 2013, the 
Greater Moncton region released its Climate Change Adaptation and Flood 
Management Strategy. 

THE APPROACH

Through the process followed by the RAC program, vulnerable areas and 
infrastructure were identified. For instance, the exercise revealed that a century-old 
CN rail culvert that drains water from Jonathan Creek into the Petitcodiac River was 
a critical piece of transportation infrastructure that needed to be updated. Indeed, the 
culvert had not been designed to the appropriate size for the amount of stormwater 
entering the system, and it had failed numerous times during storm events.  

Following the analysis, a decision was made to replace the culvert. The cost for 
replacement was split between CN rail, the City of Moncton, and the provincial 
government of New Brunswick. The origional culvert, designed in 1925, is said to 
have been sized to accommodate a major storm event (100-year), but as a result of 
subsequent extensions and the development of the Jonathan Creek basin, it was now 
an undersized structure. 

The new culvert required a 20-percent capacity increase in size to accommodate a 
100-year storm in the year 2100, when considering climate change, as identified in the 
City’s Climate Change Adaptation Plan and Flood Management Strategy. The design 
also reflected a potential peak tide elevation of 9.1 metres. The resulting culvert size 
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was able to withstand acceptable headwater elevation under a range of both flow 
and tail water conditions. These changes will reduce the risk of flooding, as well as the 
disruption of a major railway route due to extreme weather.   

THE OUTCOME

The replacement of this critical piece of infrastructure has already proven to have 
reduced the risk of flooding as well as the disruption of a major railway route due 
to extreme weather.   Since the project was completed, there have been no flooding 
events reported. 

The City of Moncton has also partnered with the Provincial Government of New 
Brunswick’s Department of Transportation and Infrastructure to conduct work in the 
Jones Lake dam. This separate project also targeted critical infrastructure including a 
spillway structure and culvert located under Main Street, which is prone to failures. 
This project would replace and upsize these structures to the same standards 
outlined within the Climate Change Adaptation Plan. 

These are a few examples of how the City of Moncton has prioritized key pieces of 
infrastructure and used updated standards that take into consideration future climate 
predictions to lower their risk of flooding events. 

Figure 12: Construction of the new culvert in Moncton.  
(Source: City of Moncton)



A WORD FROM MONCTON

When asked what recommendations she would give to other municipalities 
interested in pursuing similar initiatives, Elaine Aucoin, Director of Environmental 
Planning and Management for the City of Moncton, highlighted the importance of 
considering future climate projections in the design of infrastructure. “All Canadian 
municipalities should look at what is anticipated in their region in terms of future 
rainfall intensity, and add that factor into the design and rehabilitation of stormwater 
infrastructure,” said Ms Aucoin. Stormwater management based on future climate 
projections is integrated into several initiatives in Moncton. For instance, when 
separating sewers, the City ensures that storm sewers can provide increased 
capacities for future rainfall intensities. The construction of new developments is also 
regulated when considering the management of stormwater. More specifically, the 
amount of runoff entering the sewer system in new developments must be less than 
or equal to pre-development conditions in order to minimize flood risk.
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BRAMPTON
Increasing the resilience of the tree 
canopy following an ice storm

By Sophie Guilbault

Source: City of Brampton



THE SCIENCE 

Ice storms are fairly common in Canada. This type of event is experienced when 
specific meteorological conditions are met. For an ice storm to take place, a layer of 
warm air needs to form between two layers of cold air in the atmosphere. Under 
these circumstances, precipitation begins as snow, melts as it passes through the warm 
air, and becomes extremely cold when it goes through the final layer of cold air. When 
the cold drops of water reach a surface, they instantly freeze, forming a layer of ice on 
surfaces like trees, sidewalks, roads, and electricity pylons. 

Ice storms have the potential to create severe damage in communities. The 
accumulated layers of ice can lead to dangerous driving and walking conditions, 
cause trees and tree branches to break, and damage electrical structures. The loss 
of power in the winter results in extensive losses for businesses and disruption for 
homeowners. One of the largest natural disasters in Canadian history was the January 
1998 Ice Storm that affected the St. Lawrence Valley from Kingston to Quebec’s 
Eastern Townships. It is estimated that the 1998 storm resulted in 35 fatalities, injured 
945 people and temporarily displaced 600,000 people. At the time, this was the most 
costly storm in Canadian history – Canada’s first billion-dollar storm.

THE TRIGGER

In December 2013, a severe ice storm left hundreds of thousands of people without 
power in Ontario and Quebec. The Greater Toronto Area (GTA) was particularly 
affected by this storm that happened just a few days before Christmas. Within the 
GTA, the City of Brampton was among the municipalities that suffered the most 
damage as a result of the storm, leaving approximately 20,000 people without power. 
In addition to the large number of power outages in the municipality, the event led to 
considerable damage to the tree canopy. 

THE APPROACH

Known as the Flower City, Brampton takes pride in the abundance of vegetation 
that has been planted in the community. One of the main problems faced by the 
municipality following the 2013 ice storm was the extensive damage to the tree 
canopy. It was estimated that the storm resulted in the loss of approximately 50,000 
trees across the community. Faced with this important loss, the City began to reflect 
on the best ways to replace the trees in a manner that would provide a sustainable 
and robust tree canopy. “We estimated that to replace a tree with a new one of a 
good size that would really become a component of the canopy, it would cost about 
$1,000 per tree. Considering that we had lost 50,000 trees, we estimated that this 
effort would necessitate a 50 million dollar investment. It quickly became clear that 
we could not do it all at once,” said Alain Normand, Emergency Manager for the City 
of Brampton. 

The City developed a 10-year plan to replace the canopy loss. Before launching the 
replanting process, thoughtful consideration was put into the selection of the tree 
species that would be used in Brampton. Prior to the storm, trees for the community 
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were selected mostly for their aesthetic features and to create a uniform appearance 
on city streets. This meant that in many cases, only one type of tree was planted per 
street. While this type of planting can contribute to a pleasing environment, it can also 
cause major losses when certain species are not able to withstand extreme storm 
conditions. “Some of the trees that were initially planted in Brampton were beautiful, 
however, many were not resistant to ice. Following the storm, we were faced with 
streets where every single tree died,” said Mr. Normand.

Keeping this in mind, trees for the replanting were selected based on how well they 
would perform during an ice storm. “A horticultural expert from the City reviewed 
several studies in order to identify what species of trees are ice storm resilient,” said 
Mr. Normand. The research revealed that the shape of a tree can help predict the 
way ice will accumulate on it. Some species are more prone to having ice accumulate 
on the entire branches, while others will only see the tip of the branches covered in 
ice. The second type tends to perform better during an ice storm. In addition to the 
careful selection of species, the City ensured that each street would be planted with a 
variety of trees to minimize the risk of complete loss on a single street during future 
storms.

Figure 13: The City of Brampton was among the municipalities that suffered the most damage 
as a result of the 2013 ice storm, leaving approximately 20,000 people without power. The 
event also led to considerable damage to the tree canopy.  (Source: City of Brampton)



THE OUTCOME

The City is currently completing the fifth year of its replanting strategy, with five 
more years to go until the tree canopy is equivalent to what it was before the ice 
storm. In addition to the replanting of trees that were loss during the storm, the 
municipality is ensuring that a strong tree canopy is being incorporated in areas of 
new development. More specifically, for a developer to be given a permit to develop, 
tree-planting requirements have to be respected. For every family unit that is being 
built, one new tree needs to be planted. 

The effort led by the City of Brampton has contributed to build a more resilient 
tree canopy. While the trees have been carefully chosen to perform better during ice 
storms, it is important that a rich tree canopy also offers significant co-benefits to 
reduce heat-health risks during extremely hot days in the summer. 

A WORD FROM BRAMPTON

When asked about his thoughts on the recovery process that took place in Brampton 
following the December 2013 ice storm, Alain Normand mentioned that one of the 
biggest challenges faced by the City in the immediate aftermath of the storm was 
related to the cleanup process. Since the storm affected several municipalities around 
Brampton, it was challenging to recruit enough crews to remove all the debris left by 
the storm. The City faced a similar challenge on the landscaping side. “We had limited 
resources to call upon and ended up having to rely on landscapers from other areas, 
including Algonquin Park, Ottawa, and the United States,” said Mr. Normand.  

When discussing the tree planting strategy pursued by the City of Brampton in 
recent years, Mr. Normand emphasized the importance of building a more resilient 
tree canopy. “It is nice to have exotic trees, but they may not have the best resistance. 
The species planted in Brampton following the storm are naturally present in the 
Canadian forest and possess some of the characteristics that will make them perform 
better during an ice storm. When aiming to plant a more resilient urban forest, it is 
also important to have a variety of trees across the City to avoid losing all of them if 
one species doesn’t perform as well,” added Mr. Normand. 



SECTION 3 
 

STRENGTHEN DISASTER  
RISK GOVERNANCE

Strengthen disaster risk governance: Disaster risk governance at the 
national, regional and global levels is very important for prevention, mitigation, 
preparedness, response, recovery, and rehabilitation. It fosters collaboration and 

partnership. 
 

Source: UNISDR - Sendai Framework for Disaster Risk Reduction

Source: Adobe Stock Photo
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MONTREAL
A focus on community resilience

By Paul Kovacs and Sophie Guilbault

Source: City of Montreal



THE SCIENCE

Communities around the world have experienced sustained losses following an 
extreme event. In 1900, Galveston, Texas, experienced a deadly hurricane, and for 
more than a century most of the economic development in the region has bypassed 
the once prosperous community. In 1997, the City of Kobe in Japan was one of the 
six largest ports in the world when it was struck by an earthquake. Presently, Kobe 
is the 55th largest port. Following hurricane Katrina in 2005, the population of New 
Orleans never returned to pre-hurricane levels, and many homes remain abandoned. 
In 2010, temporary housing was built for victims of an earthquake in Haiti, and 
thousands of families continue to live in these shelters.

Extreme weather events continue to have a tremendous impact on urban areas and 
their populations around the world. Cities are particularly vulnerable to these events 
due to the large populations, as well as the amount of critical infrastructure present 
in these areas. Planning and preparing for shocks and stressors at the municipal level 
contributes to building the resilience of communities and increasing their capacity to 
bounce back and thrive in the aftermath of extreme events.

The concept of disaster resilience is not well defined but is universally viewed as 
a positive attribute for a community. The Institute for Catastrophic Loss Reduction 
has been promoting community resilience over the last 20 years through various 
programs and partnerships, and strongly believes that communities should be 
confident in their capacity to recover quickly if a major hazard strikes.

THE TRIGGER

Montreal has been subject to a number of shocks. For instance, in 1998, the City 
experienced severe disruption from an ice storm. In 2017, spring snowfall and heavy 
rains led to extensive flooding in the community. More recently, in the summer of 
2018, a severe heat wave resulted in dozens of fatalities.

In 2013, the Rockefeller Foundation recognized the need to increase the resilience 
of cities around the world to extreme weather events and other shocks that have 
the potential to stress and weaken the fabric of urban areas. The Foundation’s 100 
Resilient Cities program emerged as a mechanism that would provide resources 
to assist cities with the development of strong resilience strategies. The Rockefeller 
Foundation started working with an initial group of 32 cities spread across the 
world in 2013. The following year, the program received over 300 applications from 
communities around the world, and Montreal became the first Canadian city to 
receive funding under the 100 Resilient Cities program. This funding allowed the 
City to appoint a Chief Resilience Officer, establish a resilience office known as the 
Bureau de la Résilience, and publish a Resilience Strategy. In this publication, the City 
of Montreal made the commitment to keep working towards enhancing the City’s 
resilience to severe weather and other shocks.

Source: City of Montreal
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THE APPROACH

In order to better understand what should be the key priorities of a resilience 
strategy in Montreal, the Bureau de la Résilience consulted with more than one 
hundred internal and external partners, and conducted extensive citizen consultations. 
The discussions that took place led to the establishment of four objectives at the core 
of the Resilience Strategy: supporting a united and safe community, protecting the 
living environment, maintaining a diversified and innovative economy, and promoting 
integrated governance in the service of the community. While the Strategy aims to 
reduce the impact of extreme weather events on the City, the resilience planning 
efforts developed in Montreal extend well beyond the management of extreme 
weather risks.

The approach followed in Montreal is benefiting from its partnership with the 
Rockefeller Foundation. Cities around the world, including Montreal, have formed 
a network to share their experience in the development of successful resilience 
initiatives. The goal is to enhance the ability of participating cities to anticipate, prevent 
and adapt to challenges, stresses, and shocks that may affect the community. By 
means of this international collaboration, cities facing similar challenges are offered an 
opportunity to share their experience and learn from each other.

Figure 14: In order to better understand what should be the key priorities of a resilience strategy 
in Montreal, the Bureau de la Résilience consulted with more than one hundred internal and 
external partners, and conducted extensive citizen consultations.  (Source: Adobe Stock Photo)



THE OUTCOME

In 2018, the Bureau de la Résilience and the Office of the Mayor released Montreal’s 
first Resilient City Strategy. The strategy presents a five-year plan to invest in concrete 
actions to enhance the city’s capacity to cope with extreme weather and a number 
of other shocks. When it comes to increasing the resilience to extreme weather 
events, key objectives presented in the Resilience Strategy include fostering the 
development of social capital among Montrealers, improving consideration of risks 
in land use and infrastructure planning, carrying out more exhaustive cost-benefit 
analyses on mitigation measures, and promoting a good state of preparedness among 
businesses to deal with disturbances. The strategy presents a collaborative vision of 
urban resilience and adopts a sustainable approach that addresses social, economic 
and environmental concerns. 

A WORD FROM MONTREAL

When the Resilience Strategy was released in Montreal earlier this year, Mayor 
Valérie Plante explained, “We are gathering the tools to improve our response to 
shocking events such as natural disasters, tragedies, terrorist attacks, or situations 
likely to weaken our city, such as aging population, social exclusion, poverty and 
aging infrastructures. Moreover, our strategy will enable the population, institutions, 
businesses and systems to react and resist more effectively and efficiently to 
unforeseen events. Together, we want to be ready and to continue to develop our 
resilience.” 
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PRINCE ALBERT
Collaborating to reduce wildfire risk

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

Fire is a natural part of northern Saskatchewan’s forested ecosystem, with the 
province having one of the highest rates of wildfire in Canada. There are over 
100 communities in Saskatchewan that are located in or near forests.  As more 
development occurs in the wildland-urban interface, the ability to let fires run their 
natural course is no longer an option, as the risk to lives and property is high. As 
a result of climate change, dryer and hotter weather across the prairie provinces, 
coupled with declines in the health of aging forests and increased fuel loads, is leading 
to increases in both the intensity and frequency of wildfires. This poses significant 
challenges in managing wildfire risk in northern Saskatchewan.  

With a population of over 35,000 people, the City of Prince Albert is the largest 
municipality in northern Saskatchewan. A key area of concern for Prince Albert is the 
Nisbet Provincial Forest, a large old growth forest on both municipal and provincial 
crown land that borders the city. As a result of its age and health, the Nisbet Forest is 
increasingly susceptible to wildfires. The risk is exacerbated by migration from the city 
to rural areas having resulted in homes nestled in the forest, as well as correctional 
facilities, a landfill, commercial/industrial occupancies, utility and major transportation 
corridors, a municipal park, and an airport bordering the interface. Due to the 
proximity of the forest to Prince Albert and the developments in the interface, 
wildfire preparedness, mitigation, and response are priorities. 

THE TRIGGER

In 2002, Prince Albert had a close call with the Crutwell wildfire, which occurred just 
outside its municipal boundaries. In 2015, hot weather, dry conditions and lightning 
strikes combined to create one of Saskatchewan’s worst fire seasons. Large wildfires 
affected multiple communities in northern Saskatchewan, forcing the evacuation of 
13,000 residents.  It was the largest evacuation ever experienced in the province. 
Although the fire was burning to the northeast of Prince Albert, the city was at 
the epicenter of the action. Its fire department was mobilized to help protect the 
community of La Ronge, while the city managed the flood of evacuees needing 
shelter and support. Most recently, the 2016 Fort McMurray fire raised the profile of 
wildfire risk and brought to the forefront the need to have a strong strategy in place 
for wildland fires. 

THE APPROACH

Prince Albert is working to reduce wildfire risk in several key ways. These include: 
increasing planning and collaboration between public sector and private sector 
partners via the Nisbet Forest Protective Strategies Working Group, managing fuels in 
the Nisbet Forest; promoting hazard identification and reduction through FireSmart 
initiatives with the public, seeking approval for a new City bylaw that would require 
new developments to adhere to the  FireSmart principles, improving the city’s mass 
notification system, and improving fire detection methods by monitoring lightning 
strikes in the area. 
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The City of Prince Albert, along with the Saskatchewan Ministry of Environment 
(Forest Service and Wildfire Management) and Provincial Emergency Management 
and Fire Safety, continues its fuel management strategies in the Nisbet Forest to 
reduce wildfire risk and make wildfires in the interface easier to manage. At the 
core of their public engagement strategy, Prince Albert believes that residents and 
businesses can play a valuable role when it comes to mitigating wildfire risk by 
adopting FireSmart measures on their properties. 

THE OUTCOME

To enhance disaster governance in the area, the Nisbet Forest Protective Strategies 
Working Group was recently formed. It is a multidisciplinary group that is comprised 
of rural municipalities, wildfire personnel, ministry of environment staff, forest service 
staff, and key players in emergency management and fire safety for the region. 
Another interesting partner at the table is the insurance industry, with some local 
brokers and the Saskatchewan Government Insurance supporting discussion about 
what can be done to reduce losses. Getting all of the key decision makers to sit 
around the table and share information has been a challenge in the past. The goal 
of the working group is to better coordinate efforts and resources to protect the 
assets in and around the Nisbet Forest against the threat of wildfire. For National 
Wildfire Community Preparedness day, the City of Prince Albert and the Nisbet 
Forest Protective Strategies Working Group hosted a community open house and 
barbecue for residents and businesses in the wildland-urban interface to learn about 
risk reduction strategies and introduce them to the FireSmart program. 

Figure 15: At the core of their public engagement strategy, Prince Albert believes that residents 
and businesses can play a valuable role when it comes to mitigating wildfire risk by adopting 
FireSmart measures on their properties.  (Source: City of Prince Albert)



Prince Albert has also adopted a mass notification system in the city, called PA Alert, 
based on the understanding that if a fire were to start in the Nisbet Forest, time 
would be of the essence. Emergency responders need more than the traditional 
communication means and social media to get the word out to at-risk residents and 
businesses. PA Alert is an all-hazards voluntary program that allowed people to log 
into the website and add their contact information and the location of any properties 
of concern. The program allows for notification via both mass messaging and targeted 
messages to those registered who are deemed to be at risk based on their location. 

As 45 percent of forest fires are started by lightning strikes, Prince Albert has also 
partnered with Ubimet, an international weather service provider, to place one of 
their lightning detection systems in Prince Albert. The lightning detection system 
will provide the city with access to lightning data around Prince Albert, allowing for 
emergency personnel to locate lightning strikes and monitor them with respect to 
early response to fire, especially in the Nisbet Forest. 

Finally, Prince Albert Council is currently considering a proposal to rewrite its 
zoning bylaw to include a provision that would require an adherence to FireSmart 
recommendations for new developments. 

A WORD FROM PRINCE ALBERT

According to Prince Albert’s Fire Chief, Jason Everitt, it is important to address the 
different stakeholders when it comes to reducing wildfire risk. “It’s important to set 
up partnerships, collaborations and resources. We’ve looked at wildfire risk reduction 
from the perspective of the property owner, the municipality, and the province. We 
have things happening at all 3 levels. We are really driving the homeowner piece of 
the FireSmart program and we are working with the different communities nestled 
into the wildland urban interface to educate them of the importance of FireSmart 
and encourage them to take measures to protect themselves. Residents need to 
understand the realities of how the building and maintenance of their homes and 
yards interact with fire risk and how that impacts our ability to do our job.”  

Chief Everitt emphasized the need to properly understand the risks facing the 
community. “After Fort McMurray, there was renewed interest in learning about the 
dynamics associated with wildfires. The majority of property loss in Fort McMurray 
wasn’t a result of direct contact with the fire through radiant heat or conductive 
means, it was from the embers that were launched. We have a river that separates 
the City of Prince Albert from the Nisbet Forest. Public belief seems to be that the 
river will protect the City, but actually it won’t. As soon as you recognize risk, you own 
it. If you ignore the risks, then you lose.” 
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FORT McMURRAY
Collaborative efforts to successful 
response and recovery

 
By Sophie Guilbault

Source: ICLR



THE SCIENCE

The logistics and resource needs following a natural disaster can overwhelm the 
capacity of local responders. Responding and recovering from extreme weather 
events requires the participation of several stakeholders in both the public and 
private sectors. Collaborations between these groups are essential and can help 
tackle cross-political boundaries, response to large-scale events, mitigation activities, 
and issues that arise during recovery. 

Local and regional emergency management organizations should have key 
partnerships in place before an event occurs. However, it is common to see new 
collaborations and alliances emerge during an emergency as unanticipated needs 
arise. Maintaining and building on these new relationships can increase learning from 
previous events and enhance preparedness for the future. 

THE TRIGGER

On May 1st, 2016, a two-hectare fire was detected approximately seven kilometres 
southwest of the City of Fort McMurray. The weather conditions at the time led to 
the spread of the fire, with high temperatures, low humidity and higher than normal 
winds and gusts. The dry, hot and windy conditions contributed to the spread of the 
fire towards the City and in the end, the wildfire spanned an area of approximately 
2,600 hectares, burned over 2,400 structures in Fort McMurray and forced 
approximately 90,000 people to evacuate their homes. 

The Fort McMurray wildfire, also known as the Horse River Fire, was unprecedented 
and represents the most expensive disaster in Canadian history, with losses 
approaching 9 billion dollars. An event of this scale triggered a unique response from 
all levels of government, as well as from the private sector. 

THE APPROACH

Responding to the Horse River Fire necessitated strong operational support to 
effectively prioritize the work that needed to be done. In the Regional Emergency 
Operations Centre, resources needed to be effectively allocated to control and 
reduce the damage caused by the wildfire. Several crews of firefighters were 
deployed in Fort McMurray. “This certainly represented a challenge in terms of 
logistics and coordination as we wanted all firefighters deployed to work towards the 
same overall objective. In the end, we did quickly manage to get all of our resources 
to work toward the same strategy and objectives,” said Jody Butz, Regional Fire Chief 
and Director of Emergency Management for the Regional Municipality of Wood 
Buffalo, who was in charge of operations when responding to the Horse River Fire.  

Following the immediate response, key players from the private sector also deployed 
actions that were never seen in previous disaster recovery settings in Canada. For 
instance, the Insurance Bureau of Canada worked in collaboration with the Regional 
Municipality and Province of Alberta to review the communications plan that they 
had prepared for returning homeowners. Since sections of this document referred 



68
69

Figure 16: The rebuilding process that took place in Fort McMurray following the Horse River 
Fire. (Source: ICLR)

to insurance questions, the Insurance Bureau’s staff adjusted the material to make 
sure all information was accurate and easy to use by homeowners affected by the 
Horse River Fire. The Bureau also assisted in the recovery by leading a clean-up 
effort for the disposal of fridges and freezers of all affected households. While normal 
procedures require individual insurance companies to assess each individual home 
and conduct their own removal of the damaged appliances, the magnitude of this 
event led to an unprecedented large-scale clean-up effort, with the Insurance Bureau 
of Canada organizing for the pickup and disposal of 12,000 refrigerators and freezers. 
The success of this initiative was also made possible through a new collaboration 
with the Canadian Red Cross, which funded the pickup and disposal for uninsured 
properties.  According to David McGown, Senior Vice-President of Strategic Initiatives 
from the Insurance Bureau of Canada, “Having the Insurance Bureau of Canada to 
help support the recovery effort on the part of insurers made communications 
easier. The Government of Alberta had invited IBC to be at the table, and be part 
of the conversation, and one insurance voice at the table helped produce clearer 
messaging to everyone involved.”

THE OUTCOME

Since the wildfire that affected Fort McMurray in 2016, several of the partnerships 
that emerged during the emergency response and recovery have formalized in 
preparation for future events. For instance, there is now a formal relationship in place 
with between the Insurance Bureau of Canada and the Canadian Red Cross who 
have committed to work together to coordinate recovery in the future. As part of 
this agreement, they arranged to work together pre-event so that they can jointly 



identify opportunities to increase Canadians’ awareness of specific perils and ways to 
mitigate their associated risks. 

On the response front, new resources have also been created to assist with logistics 
at the Emergency Operations Centre. At the provincial level, a database of all 
resources available has been created to facilitate assistance requests coming from the 
Municipality and the Province, as well as the coordination of all resources involved. 

Following the events, an important investment has also been made to mitigate the 
risk of damage from wildland urban interface fires faced by homeowners in the 
Regional Municipality. More specifically, a $14.4 million investment (including $10.5 
million from the Government of Alberta and $3.9 million from the Canadian Red 
Cross) has been made to pursue FireSmart activities in the area. This investment 
funds initiatives across all seven FireSmart disciplines, which include education, 
vegetation management, legislation and planning, development considerations, 
interagency cooperation, emergency planning, and cross-training. On the education 
side, free FireSmart home assessments are available to homeowners, offering 
individual residents the opportunity to have an expert come out and give them a 
FireSmart assessment to help them protect their homes. “We are also moving toward 
the implementation of new policies on the land use planning front so we don’t plan 
ourselves into a problem again,” mentioned Chief Jody Butz. 

A WORD FROM FORT McMURRAY

When asked what lessons he would like to share following his experience with the 
response and recovery that followed the Horse River Fire, Chief Jody Butz said 
that “In today’s society, it takes a large event to capture the attention of others, and 
motivate organizations to really focus on what’s important. I would challenge anyone 
who would say ‘that won’t happen to us, because there are many things that can 
happen to anyone at any time. We have the obligation to be prepared and ready as 
best as we can.” When discussing the partnerships that contributed to the success of 
the response and recovery in the case of Fort McMurray, Chief Butz added that “You 
cannot be fully prepared for an event of this magnitude. However, it is important to 
reach out to partners in the preparedness stage and establish relationships locally, 
provincially, and nationally so that the response can unfold as well as possible.”
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KAMLOOPS
Hosting wildfire evacuees

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

Increasing temperatures, mild winters, declining snowpack, droughts, a lack of 
precipitation, and increasing incidence of lightning strikes are fueling ever-intensifying 
fire seasons in Western Canada. Wildland urban interface (WUI) fires often result 
in the mandatory evacuation of homeowners who have to temporarily relocate 
until they can return to their communities. Large evacuations have the potential to 
strain resources of neighbouring communities, who can see their population increase 
significantly over days or weeks. 

THE TRIGGER

The destruction caused by the 2017 and 2018 fire season in British Columbia was 
unprecedented for the province. The 2017 fire season burned 1.2 million hectares, 
and 65,000 people were forced to evacuate from their homes. With many of the 
fires of note burning in the interior of the province, many evacuees sought relief 
in the centrally located city of Kamloops. Kamloops is a city with a population of 
approximately 95,000 people. As a regional hub in south-central BC for government 
administrative functions, business activities, and the provisions of human and social 
services, Kamloops is well positioned to be a host city for wildfire evacuees.

The city of Kamloops has historically been a host community when it comes to 
evacuations and fires for the region. During the wildfire season of 2003, the city 
hosted a number of communities needing to evacuate. In 2009, they also hosted 
evacuees from the city of Lillooet. In 2017, Kamloops acted as a safe haven even 
though the elephant fire was within 35kilometres of the city’s boundaries. The fires 
forced the evacuation of the Thompson-Nicola regional district and the Caribou 
Regional District.  

THE APPROACH

Though the city is no stranger to wildfires or hosting evacuees, the 2017 fire season 
brought an unprecedented number of evacuees to Kamloops, stretching resources 
and putting infrastructure and systems to the test. 

Within the City, reception centres, resiliency centres and recovery centres were set 
up to support a wide spectrum of needs for the evacuees. Reception centres were 
used to receive the evacuees, address their immediate needs, and register them into 
the existing systems for individual grant and aid programs. Resiliency centres were 
used to provide evacuees with a spectrum of the social services that were needed 
in the intermediate term as they began to consider when and how they could return 
to their communities, with representatives present from a variety of government 
agencies, as well as the not-for profit and private sector to provide guidance. Finally, 
the recovery centres provided longer term caseworkers and psychosocial support to 
assist evacuees in navigating the long recovery process.  

Kamloops’ ability to respond as a host city was bolstered by a strong ethic of 
preparedness, relationship building and coordination between private sector 
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partners, non-profits and government agencies, and an Emergency Support Services 
(ESS) team of over 60 well trained volunteers. This base set of volunteers acted as 
trainers and initial responders as hundreds of convergent volunteers were trained 
and worked in the reception centre. The ESS team was tasked with meeting the 
multiple needs of running evacuation centres. ESS volunteers were coordinated to 
train hundreds of volunteers who showed up to assist with hosting evacuees. The 
ESS team also helped the hosting operations run smoothly through their year-round 
work of liaising with local suppliers (such as commercial lodging and restaurants), 
determining bed counts in the city and outlying areas, and preparing and engaging the 
private sector to help meet the demand of evacuees.

THE OUTCOME

During the 2017 fire season, approximately 11,000 evacuees were hosted in 
Kamloops, representing nearly a 12 percent increase in the population. 

Kamloops received praise for its ability to handle the unprecedented influx of 
evacuees during the 2017 fire season. Known as Canada’s ‘Tournament Capital’, the 
City was able to utilize numerous spaces for temporary accommodation for evacuees, 
including motels, hotels, university residences, parks and arenas. The City provided 
services to evacuees, including mass sheltering, psychosocial support, social service 
provision, free bus passes, and free access to recreation facilities and pools in the area. 

Figure 17: The City of Kamloops was able to utilize numerous spaces for temporary 
accommodation for evacuees, including motels, hotels, university residences, parks and arenas.  
(Source: Adobe Stock Photo)



Three successive reception sites werein operation at various facilities for all evacuees. 
The Tk’emlúps te Secwepemc First Nations also opened their Pow Wow grounds and 
received an estimated 1,000 evacuees. Numerous non-profits assisted with service 
provision and donations. The Kamloops Chamber of Commerce also stepped up 
to coordinate and organize relief from the private sector, with a number of private 
businesses providing free or discounted goods and services to assist evacuees. 

A WORD FROM KAMLOOPS

Dan Sutherland, Assistant Fire Chief and Emergency Program Coordinator
for the City of Kamloops, emphasized the importance of preparedness and planning 
to the success of their hosting efforts. “The City of Kamloops has pre-identified 
reception centers, and seeks to use facilities that the city owns and controls for 
hosting evacuees. That has been absolutely paramount to our success,” stated Mr. 
Sutherland. “We have a number of facilities we can draw on, like our large sports 
complexes. We employ our GIS department to provide us with floor plans that 
our ESS team has pre-scouted, allowing us to pre-plan the layout of our reception 
centres. We have all schedules for all our city facilities, so we can make the most 
evidence-based decisions we can to decide where to open reception centers and 
where we can place people.”  

The importance of an engaged community and supportive city council was 
paramount. “Our City Council, Mayor and Senior City Management did a wonderful 
job. If we hadn’t had the support that we had at our city council level to enable these 
programs to prepare and respond, the outcome would have been far different.” The 
importance of working with partners, like local First Nations, service providers, and 
the private sector, in hosting efforts was also emphasized by Mr. Sutherland.” He 
stressed the importance of having trained volunteers. “There is a misconception that 
you can have a convergent volunteer come in, train them in 90 minutes, and then 
put them out on a reception center floor to help with registration and referral. That 
is simply not the case. It is important to use well trained front line staff to shadow 
the new volunteers for a period of time to mentor them and make sure they are 
properly caring for the evacuees and capturing good data to inform our recovery 
efforts.”  

According to Mr. Sutherland, one of the biggest lessons learned from hosting wildfire 
evacuees in 2017 was the importance of having designated personnel from the 
evacuating communities present in the host community to support evacuees and 
inform operations. “The best way to keep evacuees from affected communities 
informed is to allow them to hear from their communities’ own representation. This 
allows residents to feel like they are getting first-hand information and gives them 
a sense of connectivity to their local government. Representatives from evacuated 
communities shouldn’t rely on the media or the host community to get the message 
out to their citizens about what is happening back home.”
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KINGSTON, FRONTENAC, 
LENNOX & ADDINGTON 
Using GIS technology to increase response to 
public health and extreme weather events  

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

Extreme weather events can produce a number of public health issues, especially for 
vulnerable populations. Extreme heat events can lead to an increase of emergency 
room visits or hospital admissions due to heat related illnesses, with particular strain 
on the elderly and those with chronic health concerns. Wildfires, extreme cold, floods, 
and tornadoes can cause a variety of public health issues that impact communities 
and require timely response from the health care system. Kingston, Frontenac and 
Lennox & Addington (KFL&A) Public Health has developed two unique tools that 
create real-time situational awareness to help decision makers prepare for and quickly 
respond to a variety of public health and environmental emergencies. These tools 
are the Acute Care Enhanced Surveillance (ACES) and the Public Health Information 
Management System (PHIMS). 

THE TRIGGER

Following the SARS outbreak, it became clear that investments were needed to 
improve the capacity of Ontario’s public health system to prevent and respond to 
outbreaks of infectious disease. In 2004, KFL&A Public Health was given funding for a 
pilot program to start real time surveillance of their acute care partners, in order to 
detect disease outbreaks, a rise in overdoses indicating potential new illicit drugs in 
the area, the effects of heat waves, and more. This pilot program led to the creation 
of the Acute Care Enhanced Surveillance (ACES), which is now used province-
wide. The Public Health Information Management System (PHIMS) was developed 
later, to support the Pan-American Games in 2015. The tool has since expanded 
its focus to include environmental health threats, adding meteorological data along 
with population data including marginalization layers. This allows PHIMS to be used 
to monitor and to provide increased situational awareness during air quality events, 
extreme heat, and extreme cold events, storms, forest fires, and more.  

THE APPROACH

ACES is a real-time syndromic surveillance system with temporal and spatial 
capabilities that enables decision makers to be better informed about the health 
of the community, and enhances collaboration and communication between public 
health and the acute care sector. It allows hospitals in Ontario to monitor emergency 
departments’ volume, admissions, and surge capacity.  ACES monitors changes and 
trends in the incidence of endemic disease and can detect new or emerging public 
health threats, like influenza. It can also be narrowed down to monitor the health 
impacts of a particular hazard or event. It is useful in detecting the impact of extreme 
heat events, as well as air quality issues resulting from forest fires, on a population’s 
health. Since the data is collected in real time and is based on disease symptoms 
rather than diagnosis, there is an increased ability to detect and respond to public 
health events early. 

PHIMS uses GIS technology for the identification, visualization and spatial analysis of 
environmental data with underlying population-based factors, enhancing public health 
situational awareness to better predict, prepare, and respond to extreme weather 

Source: Adobe Stock Photo
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events and other environmental emergencies. Using PHIMS, decision makers have 
access to real-time weather feeds, socioeconomic data, demographic information and 
timely health outcome figures.  If a hazard is affecting a certain part of the province, 
the tool can quantify how many residents may be living in the at-risk area. It can 
also describe the complexities of the impacted population by displaying important 
socioeconomic information that contributes to the degree of vulnerability. This 
information can help emergency management personnel to prioritize evacuations 
from certain areas of the community that have been identified as having increased 
vulnerability. 

PHIMS and ACES can be used together to assist decision makers in preparing 
and responding to extreme weather events. PHIMS can provide predictive 
3-day modelling of environmental factors as well as critical information on the 
characteristics of the impacted population, and ACES can monitor the health of the 
population for unintended health consequences. If health impacts beginto emerge, the 
system will send out an alert, and those effects can be communicated to the relevant 
health and emergency management partners so that they can engage in timely 
interventions to support the impacted populations.

THE OUTCOME

Today, ACES has expanded province-wide, linking up 160 hospitals and helping 
improve public health protection and prevention initiatives for everything from 
influenza to extreme heat events. Over 150 Public Health users across the province 

Figure 18: PHIMS uses GIS technology for the identification, visualization and spatial analysis 
of environmental data with underlying population-based factors, enhancing public health 
situational awareness to better predict, prepare, and respond to extreme weather events and 
other environmental emergencies (Source: KFL&A Public Health)



have been trained by KFL&A Public Health to interpret the data. ACES is used 
annually for the yearly influenza outbreak, which allows Public Health to monitor the 
impact on the population and health care system. It was also used in 2010 to assist 
first responders and emergency operations personnel in determining the extent of 
the injuries caused by an F2 Tornado that struck Midland, Ontario. ACES and PHIMS 
were used in 2013 to support the response to a large urban fire near downtown 
Kingston. Most recently, ACES and PHIMS have been used to provide important 
information to decision makers for the extreme heat events and forest fires in 
Ontario in 2018.

When it comes to forest fires, PHIMS has a modelling tool that allows it to predict 
the movement of the particulate plume (PM2.5 smoke forecasting) and visualize how 
smoke will spread across an area. ACES can monitor vulnerable populations and their 
health impacts from the plume of that fire in real-time. In the case of extreme heat 
events, PHIMS has already mapped out the heat islands and highest risk areas for heat 
in different municipalities in Ontario. This can help decision makers to understand 
where the biggest risks and impacts will be for an extended heat event, as well as 
overlay key characteristics of the population that may be impacted. This information 
can also be used to inform future planning of a city in terms of mitigation.

A WORD FROM KINGSTON, FRONTENAC AND LENNOX & 
ADDINGTON 

“It is a given that communities will experience more extreme weather events as 
a result of climate change, and decision makers need real-time information and 
situational awareness to prepare and respond. No matter what the incident is, 
we track it and monitor it on behalf of the province,” states Dr. Kieran Moore, the 
Medical Officer of Health and CEO of KFL&A Public Health. “ACES and PHIMS 
are tools for this, and they are well worth their investment. We would like to see 
these tools more widely adopted to provide better response and protection for our 
communities.” 

Dr. Paul Belanger, the Director of Knowledge Management at KFL&A, stressed the 
efficiency of ACES and PHIMS in analyzingand sharing important data with public 
health and emergency management decision makers. “We bring all the data together 
from disparate systems into a single unified system and it makes everyone’s job 
easier.”  

When it comes to hazard mitigation and emergency management, Dr. Moore 
emphasized a key feature of PHIMS. “PHIMS spatially incorporates information from 
response and recovery cycles into the geographic tool. For an extreme heat event, 
this can include the location of cooling centers and hydration stations. It can also 
include the location of high risk facilities with vulnerable populations, such as an 
assisted living facility. You can start preparing for an event long before it happens, and 
once you identify risk, you can start mitigating it.”



SECTION 4 
 

INVEST IN DISASTER  
RISK REDUCTION

Invest in disaster risk reduction: Public and private investment in disaster risk 
prevention and reduction through structural and non-structural measures are 

essential to enhance the economic, social, health and cultural resilience of 
persons, communities, countries and their assets, as well as the environment. 

 
Source: UNISDR - Sendai Framework for Disaster Risk Reduction

Source: Adobe Stock Photo
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DUFFERIN COUNTY
Reducing the risk of wind damage by 
building stronger homes

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

In Canada, tornado season usually runs between April and September with the risk of 
tornadoes peaking during summer months. After the United States, Canada has the 
highest incidence of tornadoes in the world, with Southwestern Ontario and parts of 
the southern Prairies most at risk. Ontario has seen its fair share of notable tornados, 
such as those that struck the Woodstock area in 1979, Grand Valley and Barrie in 1985, 
Violet Hill in 1996, Vaughan in 2009, Leamington in 2010, Goderich in 2011, Angus in 
2014, and Dunrobin in 2018. 

Dufferin County has the highest elevation in southern Ontario and sits between Lake 
Ontario, Lake Huron and Georgian Bay and to the west of Lake Simcoe. The terrain of 
Dufferin County and the surrounding area makes it highly susceptible to strong winds 
and tornadoes, with tornadoes having touched down in recent years in Grand Valley 
(2013), Amaranth (2014), Hillsburgh (2014), and East Garafraxa (2015). 

According to Dufferin County, “With climate change, damaging winds and tornadoes 
are occurring more often and causing more damage than ever before.  In addition to 
storms that are more numerous and more severe, trends in insurance claims across 
Southern Ontario suggest that critical wind damage is now occurring at lower wind 
speeds than it has in the past.” 

In a tornado, the roof of a house can be particularly vulnerable to being blown off by 
extreme wind.  Research has shown that extreme wind blowing over peaked roofs 
exerts an upward lift on the structure which can lead to roof loss. The collapse or loss 
of a roof leaves a home and its occupants more vulnerable to collapsing walls, falling 
debris, and further damage.  It can also increase the risk of damage to neighbouring 
properties if the roof, or parts of it, strike other properties at a high speed. While toe 
nails are commonly used to hold down a roof under normal conditions, they are more 
likely to fail under extreme wind conditions. In order to prepare for extreme wind 
events, measures need to be taken to strengthen the connection between the walls 
and the roof. 

THE TRIGGER

Having seen the impacts of three tornadoes, including the major one that went 
through Grand Valley in 1985, Dufferin County’s Chief Building Official and Director 
of Facilities and Property Mike Giles has always considered tornadoes as a potential 
threat. Following the tornado that struck Angus in 2014, Giles came across an article 
in the Toronto Star on how damage from the tornado could have been prevented. 
The article interviewed Greg Kopp, a professor at the University of Western Ontario 
and the Director of the Boundary Layer Wind Tunnel Laboratory. Dr. Kopp’s research 
highlighted hurricane ties as an inexpensive measure to decrease tornado damage  
to homes by significantly increasing the strength of connection between the roof 
and walls. This caught the attention of Mr. Giles, who reached out to Professor Kopp 
for more information on hurricane clips, and then connected with the Institute for 
Catastrophic Loss Reduction to collaborate on increasing the tornado resiliency of 
homes in Dufferin County.
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Figure 19: Hurricane ties, including clips, are strips of metal that are engineered to bind the 
roof rafters or trusses to the top plate of a wall. (Source: IPSC)

THE APPROACH

Hurricane ties, including clips, are strips of metal that are engineered to bind the roof 
rafters or trusses to the top plate of a wall. The clips, which can sustain wind speeds of 
up to 217 km/h, ensure that the roof and walls are securely fastened. This reduces the 
risk of damage caused to roofs, and structures being torn from buildings and becoming 
airborne debris during high wind events and tornadoes. 

The Ontario Building Code does not presently require houses to be fitted with 
hurricane ties.  Since Dufferin County cannot mandate builders to use them, they 
began by offering a rebate to property owners and builders who install hurricane clips 
during construction on new buildings, additions, or renovations. 

On average, hurricane clips cost around $1.00. The County partnered with the 
Institute for Catastrophic Loss Reduction (ICLR) to offer a $4.50 rebate per hurricane 
clip for homeowners or building owners wanting to install the clips. Dufferin County 
will pay builders a rebate of $3.00 per clip, with ICLR contributing an additional $1.50. 
During the framing inspection, the Building Inspector records the number of hurricane 
clips installed in accordance with the clip manufacturers specifications. Following the 
framing inspection, the County of Dufferin forwards a cheque for the appropriate 
amount to the holder of the building permit. 

THE OUTCOME

Dufferin County Council approved the Hurricane Clip Rebate Program in March 
2016 and the program was officially launched on January 1, 2017. As of June 1, 2018, 
approximately 2,200 clips had been installed in an area serviced by Dufferin County 
Building Department whose population is around 30,000 people. According to 
Dufferin County, “By offsetting the cost of hurricane clips and construction projects, 
Dufferin County and the Institute for Catastrophic Loss Reduction are mitigating this 
issue, protecting homeowners and reducing the impact of severe weather.”



A WORD FROM DUFFERIN COUNTY

For communities that cannot rely on the building code to require the use of hurricane 
clips, Dufferin County’s Chief Building Official Mike Giles emphasized the importance 
of local governments taking the initiative to make homes more tornado resilient by 
making hurricane clips affordable for homeowners and builders. “People agree it’s a 
really good idea, but it comes down to cost. If you can afford to fund them, it’s a no 
brainer.  I’m sitting on a very large reserve fund of $3 million that I can only spend on 
building department issues. I went to my Chief Administrative Officer and told her I 
want to try to fund people to put hurricane clips up. I got council buy in and here we 
are. It’s gone very well. We’ve got lots of interest, from builders, homeowners and the 
insurance industry. With our rebate program, it’s not costing builders or homeowners 
anything – we’ll pay for any type of building. You put them on, we’ll pay you!”



Source: Adobe Stock Photo

VICTORIAVILLE 
Incentivizing sustainable and safer homes

By Sophie Guilbault

84
85



THE SCIENCE

Researchers have long been studying the behaviour of homes under extreme 
weather conditions, with the objective of strengthening building codes and improving 
construction practices. There are many ways homes can be built or renovated in 
a manner that will make them perform better under extreme weather conditions. 
While it is often easier to include recommended mitigation measures in the 
construction of new buildings, retrofitting is also an option when trying to improve 
the resilience of homes. 

Several construction practices have the potential to reduce the risk of damage 
from various climate hazards. For instance, the installation of engineered connectors 
(commonly referred to as ‘hurricane ties’) between a house’s walls and its roof can 
enhance the resistance of a roof during extreme wind events such as tornadoes and 
hurricanes. On the plumbing side, the inclusion of backwater valves on a house’s 
sewer lateral can reduce the risk of sewer backup, particularly under extreme rainfall 
conditions when municipal sewer systems can become overwhelmed. 

THE TRIGGER

The City of Victoriaville is well known in the Province of Quebec for its leadership 
in sustainable development. The municipality was recognized on several occasions 
for the implementation of forward-thinking approaches to municipal governance. 
Initiatives that have taken place include the development of sustainable waste and 
drinking water management plans. In an effort to continue on the same path and 
pursue the City’s vision, Victoriaville’s Department of the Environment decided 
to design and implement a program that would incentivize the introduction of 
sustainability measures into the construction of new homes and the renovation of 
existing homes. In September 2010, a multidisciplinary committee composed of 
developers, architects, builders, and environment professionals came together and 
organized a meeting with the City of Victoriaville during which they discussed options 
to promote a sustainable housing stock in the municipality. The committee held a few 
subsequent meetings that resulted in the establishment of the Sustainable Housing 
Grant Certification Program (Habitation Durable) in 2011.  

THE APPROACH

The program offers financial incentives to both homeowners and builders for 
measures that increase the sustainability and climate resilience of homes.  In  
addition to the inclusion of sustainability measures into the grid, the City also 
integrated climate adaptation measures.  For instance, some measures are related 
to water and energy consumption, while others aim to provide improved thermal 
comfort. The City worked collaboratively with local architects to create an evaluation 
grid based on scientific evidence that would contribute to the development of a 
more sustainable housing stock. Each provision presented in the grid is associated 
with a specific number of points that can be applied toward a new construction 
project.  Subsidy levels depend on the number of prescriptive provisions achieved 
and can lead to three different levels of certification: 3 stars (300-395 points), 4 stars 



(400-495 points), and 5 stars (more than 500 points). Bonus points are awarded 
to homeowners who also obtain additional certifications for their projects, such as 
LEED and Novoclimat 2.0. In Victoriaville, each level of certification is associated with 
a financial assistance grant provided by the City, which ranges between $3,000 for a 
3-star certification to $8,000 for a 5-star certification. Once a project is completed, 
supporting documents detailing each measure included in the home construction 
or renovation must be presented to the City to prove compliance. When a financial 
assistance grant is approved, 10 percent of the amount is given to the builder or 
contractor who helped prepare the compliance file for the City. While the program 
counts 144 optional requirements, 13 requirements have recently been made 
mandatory by City Council and must be included in all new construction.

The program is composed of various categories of intervention, each of which 
provides different options to the homeowners and builders that are associated with 
a specific number of points. Several building components are accounted for in the 
Habitation Durable program. These components include insulation levels, airtightness, 
and reflective roofs. Each category of intervention (e.g. heating, ventilation, foundation, 
roofing, etc.) provides different options to the homeowners and builders, each 
associated with a specific number of points. While most of the measures are 
implemented in an effort to promote sustainability and reduce the carbon footprint 
of the City, the program includes several climate adaptation measures that make 
homes more resilient to climate hazards. For instance, the inclusion of hurricane ties 
to increase the resilience of roof structures during extreme wind events is awarded 
15 points under the program. The City also promotes the inclusion of window 
shutters to protect windows during severe wind events and provide shade during 
extremely hot days. The program in place in Victoriaville also promotes several passive 
design measures that enhance the resilience of homes during heat waves. These 
measures include strong envelope performance, the inclusion of shading devices for 
windows, and incentives to install high performance windows.

Figure 20: As part of the program, the City promotes the inclusion of window shutters to pro-
tect windows during severe wind events (Source: Adobe Stock Photo)
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THE OUTCOME

The program was initially developed by committees of technical experts and has 
been expanded to eight other municipalities in Quebec. In Victoriaville alone, the 
program has resulted in the construction of 376 certified new homes and 838 
certified renovation projects. In 2017, one out of four new houses received the 
Habitation Durable certification. 

An important aspect that contributes to make this program unique is the close 
collaboration that the city maintains with homeowners interested in participating in 
the Sustainable Housing Grant Certification Program. Throughout the design process, 
building and sustainability experts from the City of Victoriaville remain available to 
answer homeowners’ questions and assist them by recommending specific measures 
that are aligned with the scope of their projects.

A WORD FROM VICTORIAVILLE

When asked what contributed to the success of the Sustainable Housing Grant 
Certification Program in Victoriaville, Suzanne Bérubé, Sustainable Building Technician 
for the City of Victoriaville, mentioned that strong internal collaborations between 
various municipal services were key to the implementation of this initiative. “Making 
sure builders and contractors are compensated for the additional work they have to 
do to help their clients obtain the subsidy following the completion of the project is 
also very important and contributed to bring the industry on board quickly,” said Ms 
Bérubé. She also mentioned that homeowners frequently choose to reach higher 
levels of certification because of the payback, which allows them to include additional 
features in their projects that they might have not included within their initial budget. 
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PERTH COUNTY
Award winning Municipal 511 system to 
facilitate emergency response

By Sophie Guilbault

Source: Adobe Stock Photo



THE SCIENCE

When responding to emergencies, it is crucial for response personnel to be able 
to access their destination in a timely manner. To do so, a clear understanding of 
road conditions can help emergency responders travel to their destination faster. In 
situations where every minute counts, having access to the exact location of road 
closures, areas affected by weather conditions, and zones of higher traffic can help 
them plan the most efficient routes to access emergency incidents quickly. It is also 
important to have effective situational awareness when communities are impacted by 
severe storms and flooding events. 

THE TRIGGER

Prior to August 2017, municipalities in Perth County were relying on a system where 
faxes, emails, and social media updates from different municipalities were used to 
inform emergency personnel of road conditions. “Faxes and emails just pile up and 
there’s no way of looking at a map and saying ‘this road is closed because of weather 
conditions or construction.’ If you’re an emergency responder, you can lose minutes 
and kilometres that can be critical in the case of a major incident,” said Dave Colvin, 
Emergency Management Coordinator for Perth County. 

Faced with this problematic situation, the municipalities of North Perth, Perth East, 
Perth South, West Perth, and St. Mary’s worked in partnership with Transnomis 
Solutions, a Canadian technology company that specializes in road information and 
communications solutions, to develop a system that would provide real-time updates 
on road conditions.  The new Municipal 511 system developed for the County offers 
a one-stop source of information through a website that provides timely and accurate 
information to emergency responders.

THE APPROACH

The Municipal 511 system was designed as an interactive map that provides real-time 
display of closures and delays on roads. The concept was initially developed as a 
federal research project and then used during the Eastern Ontario flooding in the 
spring of 2017 to inform responders of road closures and areas affected by the flood. 
Perth County was then approached to use the program as a pilot project for its 
municipalities.

When this initiative started, municipalities of the County were initially consulted to 
ensure their input would be considered throughout the development of the project. 
From that point, Perth County’s Emergency Coordinator took the lead on the 
project to ensure a rapid implementation for all municipalities involved. “This initiative 
represented a solution that was leading edge and required a quick implementation,” 
said Dave Colvin.

The partnership between the County and Transnomis Solutions led to the 
development of a website displaying a map where a collection of layers of 
information are available. For instance, one layer represents updates that are sent 
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by the various municipalities regarding road closures and delays, while another 
one presents information that was reported by road users using the Waze mobile 
application. The information is precise enough to allow first responders to identify 
exactly where a road closure or delay is taking place and the details of the incident. 
Information coming from weather radars, provincial road reports, and provincial 
cameras can also be brought into the map. Other information, such as the location of 
people with an open burn permit, can be viewed by emergency personnel in order 
to avoid the accidental dispatch of fire trucks to properties that are undergoing a 
controlled burn.

The Municipal 511 system includes the capability to send emails and faxes, saving staff 
time and effort.  It also pushes information out to the Waze system and Google Maps. 
Other publicly available navigation tools will soon be receiving the same data feed.

A public map portal is available and most information can be viewed by everyone, 
including the public. A responder-only portal allows for the addition of restricted 
information. All municipalities in the County, with the exception of Stratford, have 
agreed to participate and to keep uploading their data into the system.  

Figure 21: A public map portal is available and most information can be viewed by everyone, 
including the public. (Source: Perth County)



THE OUTCOME

The Municipal 511 system used in Perth County was not only serving a clear and 
useful purpose, but it also came at an affordable price for participating municipalities. 
“The system is extremely cost effective when compared to its obvious benefits and 
other situational awareness software systems,” said Dave Colvin. 

Since the implementation of the system, municipalities have reported important time 
savings when responding to specific events. For instance, one municipality reported 
a 70 percent time saving due to the system being able to pre-identify locations that 
were granted open burn permits. This allowed dispatchers to avoid sending response 
personnel to these areas when receiving calls from concerned neighbours. In addition, 
in 2018 the County was affected by flooding and a potential ice storm. During 
both events, the Municipal 511 map allowed responders, emergency managers and 
municipal staff to see where the roads were closed and gave them a better idea 
of the impacts the storms were having.  This common operating picture is key to 
effective communications in such events.

When the program was initially launched in August 2017, training sessions on how to 
use the platform were offered by the County. Training videos have also been included 
on the website to allow users to make the best use of the information available. 
Since the launch of the Municipal 511 System, several improvements have been made 
based on the feedback provided by the participating municipalities. 

A WORD FROM PERTH COUNTY

When asked what advice he would offer to municipalities interested in implementing 
a similar system, Dave Colvin offered the following suggestions: “My advice is to 
think outside the box, look for unique solutions and don’t let yourself be stopped 
by traditional project management approaches because you can miss opportunities. 
Technology is changing very quickly and sometimes, by the time you put a committee 
together, determine your needs, the technology advances quicker than the project. It 
is important to embrace some of the newer technologies available.”

The 511 system implemented in Perth County has recently been recognized 
nationally, earning the Canadian Association of Chiefs of Police/Motorola Award for 
Excellence in Emergency Preparedness in 2018. 
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RICHMOND
Investing in flood protection and sea level 
rise infrastructure

By Leila Darwish

Source: Adobe Stock Photo



THE SCIENCE

The city of Richmond, British Columbia, is situated on a coastal floodplain at the 
mouth of the Fraser River and adjacent to the Pacific Ocean. Due to its location 
and the fact that the city sits at an average of one metre above sea level, Richmond 
is vulnerable to the risk of flooding by storm surge, high tides, rising sea levels, and 
overflow from the Fraser River from heavy rainfall and snowmelt. By the end of the 
century, sea levels along Richmond’s coast are expected to rise by about 1.2 metres, 
increasing the risk of flooding for the growing city. Though Richmond is surrounded by 
existing dikes, not all of them are high enough to protect against projected sea level 
rise.

THE TRIGGER

A main motivator in Richmond’s flood protection efforts was the 1948 flood. 
Richmond was a farming and fishing community with a much smaller population and 
infrastructure. The major flood of 1948 galvanized funding to build the perimeter dike 
that exists today. Though there hasn’t been any major flooding since then, increasing 
concerns about the impacts of climate change and sea level rise continue to push 
Richmond to increase its flood protection and drainage infrastructure.  

THE APPROACH

As a low-lying municipality, flood control and protection have long been a priority for 
Richmond. The City has substantially invested in flood management and protection 
infrastructure. Richmond has an extensive flood protection and drainage system, 
comprised of dikes, pump stations, box culverts, irrigation structures, and storm 
sewers. To deal with the ongoing challenge of securing funding for flood protection, 
Richmond established a drainage and diking utility, which allows for an ongoing source 
of capital funding for stabilizing and raising the existing dikes. Property owners in 
Richmond pay a utility charge of $100 a year (generating about $10 million annually), 
and the money is spent on dike upgrades, pump stations and improvements to the 
drainage system. Funding for flood protection infrastructure has also come from the 
Government of British Columbia. 

THE OUTCOME

Currently, Richmond is protected by 49 kilometres of dikes, 112 pumps at 39 pump 
stations, 320 kilometres of ditches and canals, and 600 kilometres of box culverts and 
storm sewers. Richmond has a plan in place to deal with sea level rise by upgrading 
and raising the height of its dikes in the coming decades. It is also building four new 
pump stations. 

Richmond’s drainage system is designed to accommodate a ten-year storm event. 
According to John Irving, Richmond’s Director of Engineering and Public works, 
redundancy and the ability of the drainage system to disperse water quickly is key to 
Richmond’s flood resilience. “The system is designed to handle the ten-year storm 
event, but it can handle even heavier rain events because we have such redundancy 
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and storage in a huge box culvert system running under the roads. They are 
interconnected with a canal system going into agricultural areas and ending at pump 
stations at the dike. The flow of water doesn’t get concentrated, it gets dispersed. 
Even if a few pump stations go down, the water is just redirected to the next one. 
Water diverges instead of converges, so it’s easy for us to get water off the island 
really quickly. We have a great system for dealing with urban rainfall risks so we don’t 
see flooding when that happens.”

Richmond’s dikes were upgraded in the 1970s and 1980s to accommodate a 
200-year event. Richmond’s current dikes are constructed to a level two feet above 
the highest ever-recorded water level at this location on the Fraser Basin, which 
occurred in 1894.  The municipality is hoping to raise its dikes further, to 4-5 metres 
above sea level, to prepare for projected sea level rise by 2100. It is also requiring 
new developments to be built up to that level. Besides raising the dikes, upgrades for 
the future flood proofing of Richmond include providing backup power for pump 
stations, increasing pump capacity, and elevating new developments.

Figure 22: Richmond has an extensive flood protection and drainage system, comprised of many 
elements including pump stations. (Source: Wikimedia Commons)



A WORD FROM RICHMOND

John Irving emphasized the importance of investing in flood protection infrastructure. 
“Existing infrastructure with regards to dikes and pump stations are built to handle 
existing risk and will likely be good for the next 50 years for sea level rise. After that 
we’d need to change, taking into account storm surge combined with sea level rise 
and king tide. We are going to build super dikes and build the city up over time. There 
are areas of Richmond, like the Port and other significant developments that have 
all been built up to the four to five-metre level. That is a super dike. You have raised 
the land behind the dike so there is no way the dike will fail, and there are multiple 
lines of defense.  Addressing long term flood protection risk is also key to new 
approvals for projects for Richmond. Where new development is coming in or the 
redevelopment of an area, we are building up to the 100-year level, elevating up to 
four to five metres.”

As Richmond is situated in a seismically active zone, Irving highlighted the need to 
consider all hazards when investing in flood protection infrastructure. “One piece we 
are trying to get a better handle on and that is part of our new flood management 
strategy work is marrying the earthquake and flood risk together. Building code 
designs for a 25-year risk for earthquake and is based on the science of how you save 
lives. But what about the dike? There is a different thought process for the dike and 
its performance in an earthquake and with flooding. We need to put earthquake risk, 
flood risk and flood protection infrastructure together.” 

Mr. Irving highlighted the importance of scaling up for climate change and sharing 
information with other communities. “There are decisions we can make today that 
will help us be more successful in the long term. It’s a much bigger challenge to ramp 
up a flood protection program when you haven’t had one previously. It’s a new thing 
for communities who previously haven’t had that risk, while we’ve had it for a while. 
Communities come to us for information and to learn what we are doing and how 
we are doing it. We are happy to help them.”
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TOFINO
Enhancing tsunami warnings

By Leila Darwish

Source: District of Tofino



THE SCIENCE

Bordered by the Pacific Rim National Park Reserve and the Pacific Ocean, the District 
of Tofino is located on the west coast of Vancouver Island. With its sweeping coastline, 
Tofino is a popular tourist destination, and its year-round population of approximately 
1,800 can swell up to 22,000 people during the summer months. 

The BC coast is a high-risk zone for earthquakes, and Tofino’s exposed location on 
the west coast makes it susceptible to tsunamis. A tsunami consists of a series of 
long, surge-like waves that can cause destruction when they strike coastal areas. Most 
tsunamis are caused by the significant displacement of the ocean floor.

In the case of a major earthquake off the west coast, residents and visitors in Tofino 
could have less than 20 minutes to get to high ground before tsunami impact. Though 
critical infrastructure such as the hospital, elementary school, fire department, water 
reservoirs, and community center are in the safe zone (above 20 metres), roughly 
70 percent of Tofino is in the tsunami inundation zone, including the road into town 
and a majority of the tourist resorts. It is critical that the District of Tofino be able to 
effectively warn residents and visitors of an approaching tsunami and assist them in 
evacuating to high ground. 

THE TRIGGER

In 2012, a magnitude 7.7 earthquake struck off the northern tip of Haida Gwaii, on 
British Columbia’s north-central coast. It was the largest earthquake to hit Canada in 
decades, and it triggered tsunami warnings and advisories along the BC coast. Tofino 
received a tsunami warning from the US National Tsunami Warning Centre in Alaska. 
Lacking information from the BC government’s assessment of the potential tsunami 
risk, Tofino sounded its tsunami sirens to notify residents and visitors to move to high 
ground and gather at the community reception center. Though the tsunami wave 
ended up being only 12 centimetres, it was a test run for Tofino’s Tsunami Warning 
System and evacuation procedures. The lessons learned from the event helped Tofino 
hone its tsunami warning system and increase its public awareness programs. The 
2012 earthquake also resulted in changes to British Columbia’s tsunami notifications 
procedures. 

THE APPROACH

When it comes to tsunamis, Tofino’s main focus is on preparedness and response. 
Tofino has developed a comprehensive Tsunami Warning System, which uses two 
outdoor tsunami sirens, texts, emails, phone calls, door to door notifications by first 
responders, radio alerts, and social media. To decrease confusion for residents and 
visitors, Tofino is driving the effort to standardize tsunami notification, messages, and 
testing days with the neighbouring communities of Ahousat, Ucluelet, and Pacific Rim 
National Park.

In 2015, The District of Tofino partnered with Oceans Networks Canada to install a 
WERA Northern Radar system at the Tofino Airport that will detect and measure 
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Figure 23: Having a strong Tsunami Warning System is complemented by empowering the 
public through creative tsunami education events. Tofino’s annual “High Ground Hike”, funded 
through a Vancouver Island Health Authority (VIHA) grant, is part of the Tofino Walk For Life 
program.  (Source: District of Tofino)

near-field tsunamis. A recent tropical storm created a storm surge that was also 
detected by the tsunami detection system, confirming that the detection system 
works and that it can detect storm surges as well.

Having a strong Tsunami Warning System is complemented by empowering the 
public through creative tsunami education events. Tofino’s annual “High Ground 
Hike”, funded through a Vancouver Island Health Authority (VIHA) grant, is part 
of the Tofino Walk For Life program. The “High Ground Hike” starts at a site in the 
tsunami inundation zone, and participants hike to high ground to raise awareness of 
tsunami evacuation procedures. After the hike, there is a public education event, such 
as a preparedness fair or a workshop, that further informs the public of emergency 
preparedness, food security, and survival skills. 

As Tofino’s many tourists are not familiar with the local area and its hazards, Tofino’s 
Emergency Program has partnered with Tourism Tofino, the Long Beach Chamber of 
Commerce, and accommodation providers, as they are a vital source of information 
and direction for tourists during emergencies. Many providers of accommodation 
have well-established emergency and evacuation plans. Some resorts even have 
caches of emergency supplies stored in designated high grounds. The aim of this 
partnership is to help bring the preparedness level of all resorts and hotels in Tofino 
up to the highest standard in BC. This is being accomplished by delivering business 
continuity and emergency planning workshops, which also serve as a venue for the 
sharing of existing emergency plans and resources for the hospitality industry.



THE OUTCOME

The District of Tofino hosted seven public engagement events and workshops with 
over 500 participants in 2016. Training and exercises are also key to engaging the 
public and response organizations in tsunami preparedness and response. In 2016, 
Tofino offered six training sessions and exercises, and participated in a regional full 
scale exercise for a Cascadia Subduction Zone earthquake. 
 
Engagement during 2017 included eight Tofino Walk for Life events, some followed 
by workshops or preparedness fairs, and a Great ShakeOut BC drill event. A recent 
family friendly High Ground Hike and Preparedness Fair drew over 250 people. 
Other activities include an Emergency Planning and Business Continuity event with 
the Hospitality Industry, a workshop targeting seniors, an emergency responder 
appreciation event with Tofino’s mayor, and outreach booths during Emergency 
Preparedness Week. As of June 2017, over 440 residents and visitors had been 
engaged with tsunami education. 

Tofino’s Emergency Management Program is piloting Neighbourhood Preparedness 
Groups. Clayoquot Biosphere Trust is offering grants of $500 for each neighbourhood 
to host a barbeque, during which neighbours can map out evacuation routes and 
plans, get to know each other better, and identify the resources they have to support 
each other in an emergency.

A WORD FROM TOFINO

Emergency Program Coordinator Keith Orchiston emphasized the need to think 
regionally when working locally. “Along the whole coastline, we are all facing the same 
hazard. Working to complement each other and leveraging each other’s programs is 
key. Thinking regionally in this approach to tsunamis will go a long way to minimizing 
issues down the road as more communities start becoming tsunami smart.”

Mr. Orchiston also highlighted the importance of accessible information and working 
with local partners. “Talking about tsunamis can be overwhelming, whether you are a 
resort thinking of how you will take care of a couple of hundred guests, or you are a 
young family thinking of how you will evacuate with your children. The success of the 
High Ground Hike was making the information more accessible and less intimidating. 
The hike builds muscle memory, and then we move to a skill building workshop. It 
pulls in demographics that wouldn’t normally come to emergency preparedness 
events. Working with other community groups for the events allows us to access their 
networks.” 

At a School High Ground Hike in 2016, Tofino Mayor Josie Osborne stated, “Training 
is a key ingredient to handling any disaster, and far less costly than learning after the 
fact. A prepared community is one that can take care of itself, and that starts in our 
homes and schools by educating children and families about emergency preparedness 
and response. A prepared community is also one that can offer assistance to those 
most in need – something incredibly important to a resort municipality like Tofino.”
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BEST PRACTICES
A comprehensive local plan

By Paul Kovacs

Source: ICLR



A disaster is a serious disruption of the functioning of a community due to hazardous 
events. The definition of a disaster clearly establishes these events as issues confronting 
a community and best managed by local government. The provincial and federal 
governments and other stakeholders may be invited to assist in the response to 
and rebuilding after larger events, but local governments have lead responsibility for 
disaster management in Canada.

The experience in Canada is that local emergency response efforts have generally 
been managed well. A current challenge is the need to move beyond preparation to 
respond, and also to build communities that are disaster resilient and climate adapted. 
When extreme events occur they do not need to become a disaster if the community 
is resilient and adapted.

Comprehensive management of extreme events by local governments will result in 
fewer fatalities and injuries, and less risk of damage to property and disruption to the 
community. Most disaster losses are preventable through the application of existing 
risk reduction knowledge. Local governments should strive to build disaster resilient 
and climate-adapted communities.

Four critical elements that should be included in a comprehensive strategy to build a 
disaster resilient community are: 

 • Determine acceptable risk of loss
 • Assess the risk of loss and damage
 • Invest in risk reduction
 • Plan for reconstruction

DETERMINE ACCEPTABLE RISK OF LOSS 

If a community decides to invest in flood protection a taller barrier will bring greater 
safety but at a higher cost. The risk of loss can be reduced, but not eliminated, so 
community leaders need to determine the level of protection that is acceptable. In 
some instances the province provides guidance as to required minimums, but local 
governments may choose a higher level of protection.

In the private sector, such as the banking and insurance industries, organizations 
establish a risk appetite and a risk tolerance statement. The organization establishes 
the amount and type of risk they are willing to accept in order to meet their strategic 
objectives, and the nature and extent of risks that are tolerable. Risk appetite and 
tolerance vary considerably between organizations and over time.

The determination of acceptable risk is an essential foundation for effective risk 
management and risk reduction by local governments. Unfortunately, this approach is 
not often applied by local governments for disaster risk management. The experience 
in private industry, however, shows that determination of risk tolerance is a critical 
element in effective risk reduction.



The District of North Vancouver established a committee of local residents with 
a mandate to recommend a tolerable level of risk to life from natural hazards. The 
committee accepted testimony from hazard experts through public meetings, and 
from a comprehensive analysis of international precedents completed by staff. The 
Council determined that it would adopt risk tolerance criteria similar to those in 
place in the United Kingdom, Australia, and Hong Kong. For more than a decade 
now these choices have been successfully applied to local decisions with respect 
to reducing the risk of loss and damage in the community from flood, earthquake, 
wildfire, landslides, and other hazards.

The risk tolerance statement for the District of North Vancouver focuses on the 
maximum acceptable risk of disaster fatalities. The flood risk tolerance statements 
established by provincial governments focus on the likelihood of loss. In private 
industry risk appetite and tolerance statements can be complex documents and they 
often include a focus on the maximum dollar value of acceptable loss. Local efforts to 
champion risk reduction investments could include a requirement that each proposal 
must include an assessment of the cost and projected benefits, with an expectation 
that the benefits will exceed the cost.

Determination of acceptable or tolerable risk is an emerging element for local 
governments in implementing an effective risk reduction strategy.

ASSESS THE RISK OF LOSS AND DAMAGE 

Every community in Canada conducts a hazard assessment and is required by 
provincial legislation to regularly update this analysis and file a copy with the province. 
Typically, these assessments are developed to support local preparedness to respond 
to future disasters and are not sufficient to support risk reduction. For example, 
a response preparedness assessment may identify the risk of flooding through a 
reporting of the frequency of past events and a count of the number of properties 
that may be affected. This is not sufficient information, however, to prepare a risk 
reduction plan.

Two critical elements of a comprehensive risk assessment involve a study of the 
local hazards and an analysis of the risk of loss. For example, a hazard assessment 
would map the specific locations where water may come into the community as a 
result of an identified event. A loss model would be used to estimate the direct and 
indirect damage expected if water flows into those locations. Local officials can use 
consultants or academic advisors to support their efforts.

The modeled events are often crafted to be as severe or more intense than the 
worst events ever experienced in the community or in neighbouring communities. 
Accordingly, the results from hazard and loss models should be contrasted with 
available knowledge about historic events. Growth in the local population, inflation, 
the high cost of reconstruction, and other factors have significantly increased the 



losses from recent events when compared to historic damage. The presence of a 
community agreement on acceptable loss, when available, can provide a clear guide to 
the assessment process.

Change in the climate is contributing to an increase in the frequency and severity 
of extreme events in most communities across Canada. Given the long-term nature 
of investments that are made to reduce the risk of loss and damage, it is important 
to take into account anticipated change in the climate and plans for growth in the 
community. This analysis will add to the uncertainty of the assessment because future 
weather and growth are unknown, and often cannot be known at the local level. 
Nevertheless, the capacity of models to provide useful local advice is improving.

Ultimately, a hazard assessment to support risk reduction should result in the 
identification of priority hazards (e.g., flood, wildfire, severe wind) and specific risk 
reduction options (e.g. build a diversion, establish a firebreak, require tie down straps 
in new homes). It should be possible to develop a cost and benefit analysis for the 
most promising risk reduction options, including an estimate of prevented loss of 
life, property damage, and community disruption. Furthermore, the analysis should 
take into account change in the local climate, growth in the community, and other 
anticipated change.

INVEST IN RISK REDUCTION

The benefits to the community begin immediately when investments in risk reduction 
are implemented. Citizens will know that they are protected when construction of 
a floodway is complete, a storm pond is in place, or a firebreak is installed. Many 
disaster safety and severe weather adaptation features are highly visible evidence of 
community action to build resilience.

Four broad risk reduction strategies are typically implemented by local governments:
  
 • Avoiding the risk of loss through planning
 • Reducing the risk of loss through building codes
 • Preventing minor losses through defensive infrastructure
 • Empowering widespread action through public awareness

International research, as set out in the Sendai Framework for Disaster Risk 
Reduction, has identified growth in the number of people living at risk as one of the 
most important drivers contributing to the increase in disaster loss and damage. 
Presently, local governments in Canada typically prohibit new development in zones 
of identified high flood risk. This approach can be applied to all hazards. Planning 
decisions can be used to stop the growth in the number of Canadians living in areas 
of high risk for hazards beyond flooding, such as wildfire, landslide, avalanche, and 
tsunami. Moreover, structures found to be located in zones of high risk should be 
relocated or removed.



Most disaster damage in Canada involves private homes and public infrastructure. 
Significant increases in disaster resilience can be added to homes and infrastructure 
for little if any additional cost if they are included during initial construction. Building 
codes, standards, and financial incentives are powerful tools to enhance the resilience 
of buildings and infrastructure. Local government officials are responsible for 
helping local builders and construction companies to understand and for enforcing 
compliance with provincial building codes and standards. Many communities impose 
requirements beyond the provincial minimums.

Engineered structures, like dams, levees, and berms have often been used to prevent 
frequent but moderate flood events. Local communities are increasingly seeking to 
reduce the risk of flooding by investing in green infrastructure, like wetlands and storm 
ponds. These approaches are effective up to the design level event. However, rare but 
very large hazards will overtop the protection and can result in extensive disasters.

Perhaps the most important disaster management tool involves empowering the 
public to participate in risk reduction through increased knowledge. These efforts can 
focus on better educating the public about local hazard risks. Communities that have 
not recently experienced a disaster are often unfamiliar with the alarming losses that 
are possible. The public also need to learn about effective risk reduction alternatives. 
Local governments will find that other stakeholders may be willing partners to 
help share this knowledge, including the provincial and federal governments, 
non-governmental organizations, and private industry. The insurance industry, for 
example, has a long tradition of encouraging loss prevention.

Figure 24: Perhaps the most important disaster management tool involves empowering the 
public to participate in risk reduction through increased knowledge.(Source: Adobe Stock Photo)
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PLAN FOR RECOVERY

One of the best opportunities to promote disaster resilience for your community 
is during the reconstruction that follows a disaster. The Canadian Disaster Database 
shows that hundreds of communities in Canada have experienced a disaster over the 
past twenty or thirty years, but the Institute has found that very few had a disaster 
recovery plan. Most communities failed to realize the opportunity to build back 
better after they were confronted by an extreme event.

Communities should plan now for recovery following possible future disasters. There 
is a twelve to eighteen month period after a disaster when public support for risk 
reduction investments is very high. As time passes, public interest is diverted to many 
other issues and support for risk reduction action fades. Implementation of significant 
and effective resilience and adaptation initiatives over a twelve to eighteen month 
period typically requires planning that takes place before the disaster strikes.

A comprehensive hazard and risk assessment can be adapted to be included in 
a recovery plan that includes a vision to build back better. For example, the cost 
of moving critical infrastructure out of harms way may appear high relative to the 
expected benefits when the facility is operating, but if the facility is destroyed by a 
disaster the additional cost of relocation may become trivial when funds must be 
found for reconstruction. The important element of recovery planning is to anticipate 
and evaluate options for reconstruction, options that may be applied before or after a 
disaster strikes.

A window of opportunity involves disaster risk financing. Private homeowners and 
businesses make extensive use of insurance to finance rebuilding and recovery 
following a disaster. Residential flood insurance is a new coverage introduced in 
2015, and it is not yet well established, but cover for most other perils is widely used. 
Insurance coverage is available for local governments but most governments do not 
choose to purchase insurance protection. Insurance coverage can be designed to 
rebuild to current, higher building code standards than were found in the structure 
that was damaged or destroyed. Exploring the idea of buying more extensive 
private insurance coverage is a recovery planning and financing opportunity for local 
governments.

The Disaster Financial Assistance Agreement (DFAA) between the federal, provincial, 
and territorial governments includes a provision to build back better. Federal 
payments to the provincial and territorial governments can include up to 15 percent 
additional funding if they are used to invest in disaster risk reduction. Since most of 
the DFAA payments are triggered by provincial support for damage to municipal 
infrastructure, local governments should press the provinces to direct these federal 
funds to support well designed municipal initiatives located in zones of low risk. 
Recovery planning is essential if municipal government are to be effective in securing 
access to these funds.



ABOUT ICLR

ICLR is a world leader in disaster risk reduction research and outreach. Thousands 
of hazards strike in Canada each year. The Institute works to understand when 
buildings and communities are vulnerable and at risk to experience loss from natural 
hazards. We use this knowledge to identify and champion actions to reduce the 
risk of damage and increase resilience. ICLR’s research team believes that most 
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