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WHAT DOES THIS MEAN FOR ONTARIO’S INFRASTRUCTURE?

CLIMATE CHANGE IS REAL, AND THE EVIDENCE IS COMPELLING
There is overwhelming evidence that climate change is real, and we are already
experiencing changes in temperature, precipitation, and extreme weather. In
Canada, average surface air temperature has increased by 1.5°C between
1950 and 2010 (Bush et al., 2014). Although the strongest trends have been
observed in the north and west of the country, warming has been observed
consistently across all of Canada (Bush et al., 2014; Vincent et al., 2012).

Every day Ontarians rely on water and transportation infrastructure to support a wide range of social, economic and environmental functions such
as public health, safety, economic development and environmental protection. While gradual changes in temperature and precipitation can often
be dealt with through normal maintenance and upgrades, extreme events such as flooding, droughts, storms and extreme heat events can
damage or destroy infrastructure resulting in significant disruptions of service, high repair costs and dangerous conditions for the affected
communities (Andrey et al., 2014).

In 2014, the Climate Change Impacts and
Adaptation Division of Natural Resources
Canada released a national science assessment
that presents the latest knowledge on climate
change impacts and adaptation for Canadians.

Here are some of the ways in which climate change has already impacted Ontario’s infrastructure:

The assessment, Canada in a Changing
Climate: Sector Perspectives on Impacts and
Adaptation, is an update to the 2008 report,
From Impacts to Adaptation: Canada in a
Changing Climate. The report includes chapters
on natural resources (forestry, energy and mining), food production,
industry, biodiversity and protected areas, human health, water and
transportation infrastructure, and adaptation.

Between 1948 and 2008, almost every region in Ontario experienced an
increasing temperature trend, with mean annual temperature increasing by
1.4°C (CCDS, 2009). This seemingly small number may look insignificant, but
small changes in average temperatures can result in significant impacts.
Daily precipitation data demonstrate that Canada has generally become wetter
in recent decades, with an increase in average annual precipitation of
approximately 16% between 1950 and 2010 (Bush et al., 2014). In Ontario, the
southern region has experienced increases in precipitation, however lack of
monitoring stations in the north make it difficult to detect strong precipitation
trends (Bush et al., 2014). Warmer temperatures have also impacted the type
of precipitation; several regions of Canada and Ontario have experienced a
decrease in snowfall and an increase in rainfall (Mekis and Vincent, 2011).
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• Flooding: In 2005, extreme precipitation caused flooding which washed away a large part of Finch Ave. in Toronto,
damaging culverts and severing utility lines.
• Flooding: In 2013, flooding in Northern Ontario prompted six towns to declare a state of emergency when roads
were washed out, cutting off transportation in and out of the towns.
• Freeze-thaw: Freeze-thaw cycles have been a source of annual damage to Ontario roads (particularly in northern
regions of the Province) (PIEVC, 2008).
• Extreme Heat: Sustained high temperatures is causing changes in asphalt composition, damaging roadways (Emery,
2010).

• Flooding: Stormwater infrastructure has been overwhelmed in several communities including Toronto, Peterborough,
London, Peel Region and Halton Region causing extensive damage from flooding.
• Flooding: Water treatment plants in Toronto have been overwhelmed by flooding, leading to raw sewage flowing into
Lake Ontario (Irving, 2013).

AGING INFRASTRUCTURE: Older infrastructure is more often vulnerable to climate change impacts as it weakens with age, reducing its ability to
withstand extreme weather events and provide adequate levels of service. Moreover, older infrastructure was designed to earlier standards, most
of which did not consider changing climate. In Ontario, this vulnerability is exacerbated in many communities due to an ongoing infrastructure
deficit, which means that investments in infrastructure maintenance, retrofit or replacement are being delayed due to funding challenges
(Government of Ontario, 2011). Ontario municipalities face an infrastructure gap of $60 billion, which could take 10 years or more to close (AMO,
2012).
These graphs show trends in annual mean temperature (left) and precipitation
(right) from 1950-2010. Upward- and downward-pointing triangles indicate
positive and negative trends, respectively. Filled triangles correspond to trends
significant at the 5% level. The size of the triangle is proportional to the magnitude
of the trend (Vincent et al., 2012).

In Ontario, warming temperature trends and changing precipitation patterns
are expected to result in a variety of environmental, social and economic
impacts. Some of these impacts include: reduced ice cover on the Great Lakes,
increased snowfall, increased freeze-thaw cycles, increased viability of pests
and diseases, increased flooding, increased soil erosion, degraded water
quality, earlier peak flow in streams and rivers, decreased total flow in
streams and rivers, and potential for drought conditions and forest fires. Since
warmer air can hold more moisture, climate change will also result in more
frequent and intense extreme weather events (Warren and Lemmen, 2014).
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Temperature projections for winter season (December-February) and summer season
(June-August) for 2046-2065 under an RCP8.5 scenario, 50th percentile (CCDS, 2015).

Chapter 8 of the National Assessment is focused on Water and
Transportation Infrastructure. Climate change presents a range of
challenges for infrastructure design, construction, operation and
maintenance, and is recognized as an additional factor that needs to be
considered as Canada strives to maintain and improve existing
infrastructure. Infrastructure systems are a key area of concern for
adaptation given their importance in supporting a wide range of social,
economic and environmental goals, including public health, safety,
economic development and environmental protection. Thus, climate
change is beginning to be considered in the design and maintenance of
infrastructure in Canada.
Much of the information presented here can be found in the latest
national assessment document. To learn more, please visit:
www.nrcan.gc.ca/environment/resources/publications/10766

FOR MORE INFORMATION…
Public Infrastructure Engineering Vulnerability Committee (PIEVC)
www.pievc.ca

WHAT TYPE OF CLIMATE CAN WE EXPECT IN THE FUTURE?
With the help of global climate models, scientists are able to simulate changes
in climate based on a set of scenarios of anthropogenic forcings. In northern
countries such as Canada, the largest temperature change is likely to occur
during the winter season (e.g. winters in northern Ontario are projected to be
5 to 7°C warmer by 2065). Furthermore, projections suggest that annual
precipitation is expected to increase in Ontario, with the largest changes in
the northeast and the lowest changes in the western part of the province
(CCDS, 2015).

A NATIONAL CLIMATE CHANGE ASSESSMENT

Ontario Centre for Climate Impacts and Adaptation Resources
www.climateOntario.ca
Damage to Highway 552 in northeastern
Ontario after a heavy rain event (CBC
News, 2013)

In August, 2005, 153mm of rain fell in just three hours,
causing a 78-metre stretch of Finch Avenue W. in Toronto
to collapse (Toronto Star, 2012).

Road damage due to freeze/thaw in
Chatham, Ontario (Chatham Daily News,
2015).

WHAT CAN WE DO TO ADAPT?
Adapting infrastructure involves several different approaches, often in combination, ranging from structural changes to non-structural or “soft”
measures such as changes in policies and procedures that can be undertaken at different stages of the infrastructure life cycle as it is planned,
rehabilitated or replaced. These measures can involve addressing issues directly by redesigning and upgrading infrastructure to deal with specific
changes in climate (e.g. upsizing culverts to handle more intense precipitation events), and/or by enhancing the resilience of the system to climate
change in general (e.g. regular maintenance of pipes, reducing stormwater runoff) (Andrey et al., 2014).
EXAMPLES OF ADAPTATION IN ONTARIO:
• During the spring thaw, roads are much more susceptible to damage than any other time of year. Under the Ontario Highway Traffic Act, the
province enforces reduced load restrictions on trucks to protect Ontario's highways during spring thaw, when road damage is most likely to
occur (IHSA, 2013).
• Climate change is expected to result in more intense and frequent precipitation events. In response, Richmond Hill and Brampton are
building/retrofitting stormwater management infrastructure to address the future challenges related to climate change. Grand River
Conservation Authority is developing regulations and policies to protect wetlands and other green infrastructure in order to improve their local
stormwater management.
• The City of Toronto undertook a critical infrastructure resilience study to determine where and how climate change may affect their
infrastructure. Water management and transportation infrastructure were examined to determine their interdependence on other critical
infrastructure. This work was completed to help the city understand how a particular climate event may impact the core functions of the city by
affecting the infrastructure, upon which it relies.
In 2005, Engineers Canada established the Public Infrastructure Engineering Vulnerability Committee (PIEVC) to lead an ongoing national initiative
to determine and mitigate the engineering vulnerability of Canadian public infrastructure to the impacts and risks of current and future climate. The
PIEVC created a protocol to assess the vulnerabilities of infrastructure to extreme weather events and future changes in climate to enable better
planning and design of safe and climate-resilient infrastructure. The risk-based assessment protocol allows engineers and planners to make
informed judgments on what components require adaptation as well as how to adapt them (e.g. design adjustments, changes to operational or
maintenance procedures).
The work of the PIEVC has been an important driver of progress on understanding how to adapt Canada’s infrastructure to climate change over the
past few years. For more information, please visit www.pievc.ca.

NRCan National Assessment
www.nrcan.gc.ca/environment/resources/publications/10766
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