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Summary

Introduction
There is strong consensus in the international
scientific community that climate change is
occurring and that the impacts are already being
felt in some regions. It is also widely accepted
that, even after introducing significant measures to
reduce greenhouse gas emissions, some additional
degree of climate change is inevitable and would
have economic, social and environmental impacts
on Canada and Canadian communities. Although
impacts would vary on a regional basis, all areas
of the country and virtually every economic sector
would be affected.
To reduce the negative impacts of climate
change and take advantage of new opportunities,
Canadians will adapt. Adaptation is not an alternative to reducing greenhouse gas emissions in
addressing climate change, but rather a necessary
complement. Reducing greenhouse gas emissions
decreases both the rate and overall magnitude of
climate change, which increases the likelihood of
successful adaptation and decreases associated
costs. Adaptation is not a new concept: Canadians
have already developed a range of approaches that

have allowed us to deal effectively with our extremely
variable climate. Nevertheless, the nature of future
climate change, as well as its rate, would pose
some new challenges.
Developing an effective strategy for adaptation
requires an understanding of our vulnerability to
climate change. Vulnerability is determined by
three factors: the nature of climate change, the
climatic sensitivity of the system or region being
considered, and our capacity to adapt to the
resulting changes. The tremendous geographic,
ecological and economic diversity of Canada
means that these factors, and hence vulnerabilities,
vary significantly across the country. In many
cases, adaptation will involve enhancing the
resiliency and adaptive capacity of a system to
increase its ability to deal with stress.
The report Climate Change Impacts and Adaptation:
A Canadian Perspective provides an overview of
research in the field of climate change impacts
and adaptation over the past five years, as it
relates to Canada. This summary presents common
themes of the report, as well as highlights from
individual chapters.

Photo courtesy of Natural Resources Canada
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Projected Climate Change
Climate scenarios, as summarized by the
Intergovernmental Panel on Climate Change (IPCC),
project that mean global temperatures are likely to
increase by 1.4–5.8°C over the present century. As
a high-latitude country, warming in Canada would
likely be more pronounced (Figure 1). Temperature
increases would vary across the country, with certain regions including the North and the southern
and central Prairies warming more than others.
Warming is also projected to vary on a seasonal
basis, being greatest in winter, and on a daily
basis, with nights warming more than days.
Changes in precipitation patterns, changes in
climate variability, and shifts in the frequency
and intensity of extreme climate events would
accompany warming. Since these changes would
not be felt uniformly across the country, impacts
would vary regionally.
There is growing evidence that climate change
is already occurring. At the global scale, average
surface temperatures rose about 0.6°C over the

20th century. Warming of minimum and maximum
temperatures has also been detected in Canada.
Correspondingly, there have been decreases in
sea-ice cover, shifts in species distributions and
an increase in global average sea level. The IPCC
has also concluded that there have very likely
been increases in annual precipitation, heavy precipitation events, cloud cover and extreme high
temperatures over at least the last 50 years.

Vulnerability of
Canadian Sectors
Projected changes in climate are expected to
bring a range of challenges and benefits to Canada.
Our economic and social well-being are greatly
influenced by the health and sustainability of
our natural resources, including water, forestry,
fisheries and agriculture, and the reliability of
our transportation and health care systems.

FIGURE 1: Annual temperature projection for 2080s, based on Canadian Global Coupled Model 2-A21

Courtesy of Canadian Institute of Climate Studies.
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To date, the majority of impacts and adaptation
research has focused on the biophysical impacts of
climate change. Much of this research suggests that
the most significant challenges would result from
increases in the frequency and intensity of extreme
climate events, such as floods, droughts and
storms. Extreme events, as well as rapid climate
change, can cause critical thresholds to be exceeded, often with severe or catastrophic consequences.
In contrast, given appropriate adjustments, many
systems should be able to cope with, and at times
even benefit from, gradual temperature warming of
limited magnitude. For example, in some regions,
higher temperatures could enhance plant growth
rates, decrease road maintenance costs and reduce
deaths from extreme cold.
A recurring issue in the field of climate change
impacts and adaptation is uncertainty. There is
uncertainty in climate change projections (degree
and rate of change in temperature, precipitation
and other climate factors), imperfect understanding
of how systems would respond, uncertainty
concerning how people would adapt, and difficulties involved in predicting future changes in
supply and demand. Given the complexity of
these systems, uncertainty is unavoidable, and
is especially pronounced at the local and regional
levels where many adaptation decisions tend to
be made. Nonetheless, there are ways to deal
with uncertainty in a risk management context,
and most experts agree that present uncertainties
do not preclude our ability to initiate adaptation.

Photo courtesy of Natural Resources Canada

Water Resources
Water resources is one of the highest-priority
issues with respect to climate change impacts
and adaptation in Canada. A clean and reliable
water supply is critical for domestic use, food and
energy production, transportation, recreation and
maintenance of natural ecosystems. Although
Canada possesses a relative abundance of water
on a per capita basis, the uneven distribution of
water resources and year-to-year variability mean
that most regions of the country have experienced
water-related problems, such as droughts, floods
and associated water quality issues.
Such problems are expected to become more
common as a result of climate change. The hydrological cycle is greatly influenced by temperature

In all sectors, adaptation has the potential to
reduce the magnitude of negative impacts and
take advantage of possible benefits. Researchers
recommend focusing on actions that enhance our
capacity to adapt and improve our understanding
of key vulnerabilities. These strategies work best
when climate change is integrated into larger
decision-making frameworks.
The following sections examine potential impacts of
climate change and adaptation options for key sectors
in Canada, as reflected in scientific papers and
reports published since 1997. It must be emphasized
that these sectors are both interrelated and interdependent, in that adaptation decisions undertaken
within one sector could have significant implications
for other sectors. It is therefore important to coordinate adaptation activities between sectors.
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FIGURE 2: Water resources is a crosscutting issue
SAMPLE ISSUE

Lower water levels in the Great Lakes–St. Lawrence

SECTORS IMPACTED

Transportation

Tourism and
Recreation

Fisheries

Industry and
Energy

Municipalities

Agriculture

Health

POTENTIAL IMPACTS (examples)

Decreased depth
of navigation
channels,
stranded docks
and harbours

More beaches,
aesthetic issues,
less access to
marinas and
lake front

Loss of
species, loss
of habitat
(e.g., spawning
areas),
contamination

Less potential
for hydropower,
less water
for industrial
operations

Increased
water quality
problems and
water-use
restrictions

Less water
available for
irrigation
and farm
operations

Increased
illness from
water
contamination
and poorer
water quality

OVERALL RESULT

Supply-demand mismatches and issues of apportionment between:
• the different sectors
• different levels of government
• jurisdictions (e.g., provinces, Canada/US)
• economic uses and ecosystem needs

and precipitation, and even small changes in these
parameters can affect water supply through shifts
in runoff, evaporation and water storage (e.g., in
glaciers, lakes and soil). There are still uncertainties,
however, regarding the magnitude, and in some
cases the direction, of future changes, in part due
to the limitations of climate models. Although
impacts would vary on a regional basis, it is apparent that certain aspects, including extreme events,
reduced ice cover and shifts in flow regimes, are
concerns in many areas of the country. Overall, the
most vulnerable regions would be those already
under water stress, such as parts of the Prairies and
the Okanagan Valley, where demand is already
approaching or exceeding supply.
In many regions, decreases in flow volumes and
water levels are expected to create or increase
water supply problems during the summer months.
In Prairie rivers, for example, summer flows are
expected to decrease due to reduced water supply

x
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from snowmelt and glacier runoff. In fact, data
indicate that a long-term trend of declining flows
has already begun. Accompanying decreases in
shallow groundwater resources could further
compound water shortages. Water supply issues
are also expected to become a greater concern in
the Great Lakes basin, where a range of sectors
would be affected by declining water levels
(Figure 2). In the winter, however, less ice cover,
more rain-on-snow precipitation events and more
frequent winter thaws would increase the risk of
flooding in many regions of the country.
Changes in flow patterns and water levels could
also result in decreased water quality. Lower water
levels and higher temperatures could increase levels of bacterial, nutrient and metal contamination,
while an increase in flooding could increase the
flushing of urban and agricultural waste into source
water systems. This would cause taste and odour
problems and increase the risk of water-borne

health effects in communities across the country.
Water supplies, recreational activities and natural
ecosystems would all be affected. Some regional
water quality concerns include saltwater intrusion in
coastal areas and the rupture of water infrastructure
in the North as a result of permafrost degradation.
As water supplies diminish, at least seasonally, and
water quality problems increase, there would be less
high-quality water available for human use. At the
same time, agricultural, domestic and industrial
demands (e.g., irrigation, lawn watering and equipment cooling, respectively), would likely increase in
parts of the country that become warmer and drier.
As a result, supply-demand mismatches are expected
to become more common, and technological, behavioural and management changes would be required
to deal with potential conflicts.
Many of the commonly recommended adaptation
options to address climate change in the water
resources sector, including water conservation
and preparedness for extreme events, are based on
strategies for dealing with current climate variability.
Structural adaptations, such as dams, weirs and
drainage canals, tend to increase the flexibility of
management operations, although they also incur
economic, social and environmental costs. For this
reason, upgrading existing infrastructure to better
deal with future climates may often be preferable to
building new structures. Design decisions should
focus primarily on extreme events and system thresholds, rather than on changes in mean conditions.

Demand management is an important institutional
and social adaptation, which involves reducing
consumer demands for water through mechanisms
such as water conservation initiatives and
water-costing mechanisms. Community water
conservation programs can be very effective at
reducing water consumption, while economics,
pricing and marketing can help balance water
supply and demand.
Climate change should be incorporated into current
water management planning. Although widespread
inclusion of climate change in water management
has yet to be realized, there are regions, such as
the Grand River basin in southwestern Ontario,
that do consider future climate in their planning
activities. To best deal with the uncertainties
regarding climatic and hydrological change, managers should consider climate change in the context
of risk management and vulnerability assessment.

Agriculture
Agriculture is both extremely important to the
Canadian economy and inherently sensitive to
climate. As such, the impacts of climate change
on agriculture have been addressed in many studies. Much of this research focuses on the impacts
of warmer temperatures and shifting moisture
availability on agricultural crops, while a lesser

Photo courtesy of Stewart Cohen
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amount addresses the impacts of greater concentrations of carbon dioxide (CO2), changes in extreme
events and increased pest outbreaks. Some studies
have also examined the impacts of climate change on
livestock operations, dairy farms and fruit orchards.
Climate change is expected to bring both advantages
and disadvantages for agricultural crops in Canada
(Figure 3). For example, although warmer temperatures would increase the length of the growing
season, they could also increase crop damage due
to heat stress and water and pest problems. Impacts
would vary regionally and with the type of crop
being cultivated. Studies have suggested that yields
of certain crops (e.g., grain corn in the Maritimes
and canola in Alberta) may increase, while others
(e.g., wheat and soybeans in Quebec) could decline.

Changes in the frequency and intensity of extreme
events (e.g., droughts, floods and storms) have
been identified as the greatest challenge that would
face the agricultural industry as a result of climate
change. Extreme events, difficult to both predict
and prepare for, can devastate agricultural operations, as has been demonstrated several times in
the past. For example, the drought of 2001 seriously
affected farm operations across the country, causing significant reductions in crop yields and
increased outbreaks of insects and disease. Drought
and extreme heat have also been shown to affect
livestock operations. Changes in extreme events
tend not to be considered in many of the impact
assessments completed to date.

FIGURE 3: Potential impacts of climate change on agricultural crops in Canada

POSITIVE IMPACTS

NEGATIVE IMPACTS

Increased productivity from
warmer temperatures

Increased insect
infestations

Possibility of growing
new crops

Longer growing seasons

PROJECTED CHANGES
• Warmer temperatures
• Drier or wetter conditions
• Increased frequency of extreme
climatic events
• Enhanced atmospheric CO2
• Changing market conditions

Crop damage from
extreme heat

Planning problems due to
less reliable forecasts

Increased productivity from
enhanced CO2

Increased soil erosion

Accelerated
maturation rates

Increased weed growth and
disease outbreaks

Decreased moisture stress

Decreased herbicide and
pesticide efficacy

Increased moisture stress
and droughts

The net impact on Canadian crops is
uncertain, and depends largely on the
adaptation measures undertaken.
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Recent literature also indicates that the timing of
warming will be important to agriculture. Model
projections and observed trends suggest that
warming would be greatest during the winter
months, and that night-time minimums would
increase more rapidly than daytime maximums.
Although warmer winters would reduce cold
stress, they would also increase the risk of
damaging winter thaws and potentially reduce
the amount of protective snow cover. Climate
warming is also expected to increase the frequency
of extremely hot days, which have been shown to
directly damage agricultural crops.
Future changes in moisture availability represent
a key concern in the agricultural sector. Climate
change is generally expected to decrease the supply
of water during the growing season, while concurrently increasing the demand. In addition to the
direct problems caused by water shortages, the
benefits of potentially positive changes, including
warmer temperatures and a longer growing season,
would be limited if adequate water were not available. Water shortages are expected to be a problem
in several regions of Canada in the future.
Much of the adaptation research in the agricultural
sector has focused on strategies for dealing with
future water shortages. Such adaptations as water
conservation measures and adjustment of planting
and harvesting dates could play a critical role in
reducing the losses associated with future moisture
limitations. Other adaptation options being studied
include the introduction of new species and
hybrids, for example, those that are more resistant
to drought and heat, and the development of
policies and practices to increase the flexibility of
agricultural systems. Better definitions of critical
climate thresholds for agriculture will also be
beneficial for adaptation planning.
Researchers classify adaptation strategies
for agriculture into four main categories:
1) technological developments;
2) government programs and insurance;
3) farm production practices; and
4) farm financial management.
Adaptation will take place at all levels, from
producers through government and industry to
consumers. To be most effective, adaptation will
require strong communication and cooperation
between these different groups, as well as a
clear designation of responsibility for action.

Photo courtesy of Natural Resources Canada

Forestry
Forests cover almost half of Canada’s landmass, and
are a key feature of our country’s society, culture
and economy. Climate change has the potential to
greatly influence our country’s forests, since even
small changes in temperature and precipitation can
significantly affect forest growth and survival. For
example, a 1°C increase in temperature over the last
century in Canada has been associated with longer
growing seasons, increased plant growth, shifts in
tree phenology and distribution, and changes in
plant hardiness zones. Future climate change is
expected to affect species distribution, forest productivity and disturbance regimes. Understanding the
forestry sector’s vulnerability to these changes is
essential for forest management planning.
The impacts of climate change on forests would
vary regionally, and would be influenced by
several factors, including species composition, site
conditions and local microclimate. For example,
tree species differ significantly in their ability to
adapt to warming, their response to elevated CO2
concentrations and their tolerance to disturbances.
The age-class structure of forests is another important control on how forests respond to changes
in climate. In general, forest growth would be
enhanced by longer growing seasons, warmer
temperatures and elevated CO2 concentrations.
These benefits, however, could be offset by
associated increases in moisture stress, ecosystem
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instability resulting from species migrations, and
increases in the frequency and intensity of such
disturbances as forest fires, insect outbreaks and
extreme weather events. Overall, these factors
lead to significant uncertainty regarding future
change and make it difficult to project impacts
on a regional scale.
Tree species are expected to respond to warmer
temperatures by migrating northward and to higher
altitudes as they have done numerous times in
the past. In fact, recent warming appears to have
already caused the treeline to shift upslope in
the central Canadian Rockies. There are, however,
concerns that species would be unable to keep
up with the rapid rate of future change, and that
barriers to dispersion, such as habitat fragmentation and soil limitations, would impede migration
in some regions. The impacts of changing moisture
conditions and disturbance regimes may also limit
species migration.
The impacts of changes in disturbance regimes
have the potential to overwhelm other, more gradual changes. Disturbances therefore represent a key
concern for the forestry sector. Studies generally
agree that both fire frequency in the boreal forest
and total area burned have increased over the last
20 to 40 years. Although future projections are
complicated by uncertainties regarding changes

in such factors as precipitation patterns, wind
and storms, severity of fire seasons is generally
expected to worsen and the risk of forest fires to
increase across most of the country.
Warmer temperatures are also expected to expand
the ranges, shorten the outbreak cycles and
enhance the survival rates of forest pests such as
the spruce budworm and the mountain pine beetle.
Insects have short life cycles, high mobility and
high reproductive potentials, all of which allow
them to quickly exploit new conditions and take
advantage of new opportunities. In addition,
disturbances may interact in a cumulative manner,
whereby increases in one type of disturbance
increase the potential for other types of disturbances. For example, in the boreal forest of western
Canada, an increase in spruce budworm outbreaks
could encourage wildfires by increasing the volume
of dead tree matter, which acts as fuel for fires.
Adaptation will play a key role in helping the
forestry industry to minimize losses and maximize
benefits from climate change. Planned adaptation,
whereby future changes are anticipated and
forestry practices adjusted accordingly, will be
especially important because rotation periods for
forests tend to be long and species selected for
planting today must be able to withstand and
thrive in future climates. One example of planned

FIGURE 4: Size of three simulated fires on current (left) and hypothetical ‘fire-smart’ landscape (right) after
a 22-hour fire run. Note the reduction in area burned using the fire-smart management approach.

Courtesy of Natural Resources Canada
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adaptation is the use of ‘fire-smart’ landscapes.
Fire-smart landscapes, which use such forest management activities as harvesting, regeneration and
stand tending to reduce the intensity and spread of
wildfire, could substantially reduce the size of
future forest fires (Figure 4).
Key recommendations for facilitating adaptation
include improving communication between
researchers and the forest management community;
increasing the resiliency of the resource base by
maintaining forest health and biodiversity; and
minimizing non-climatic stresses on forests.

Fisheries
Photo courtesy of Atlantic Salmon Federation and G. van Ryckevorset

Canadian fisheries, which encompass the Atlantic,
Pacific and Arctic Oceans, as well as the world’s
largest freshwater system, are both economically and
culturally important to Canada. Within each region,
commercial, recreational and subsistence fisheries
play a significant, though varying role. Shellfish
are currently the most valuable commercial catch;
salmon is a vital component of subsistence and
recreational fisheries; and aquaculture is one of
the fastest-growing food production activities in
the country. Considerable shifts have been observed
in marine ecosystems over recent decades, and
much of the recent research has been dedicated
to assessing the role of climate in these changes.
Climate change is expected to have significant
impacts on fish populations and sustainable harvests. Fish have a distinct set of environmental
conditions under which they experience optimal
growth, reproduction and survival. As conditions
change in response to a changing climate, fish
would be impacted both directly and indirectly.
Impacts would stem primarily from changes
in water temperature, water levels, ice cover,
extreme events, diseases and shifts in predatorprey dynamics. The key concerns for fisheries
vary in different regions of the country.
Along the Pacific coast, drastic declines in the
salmon catch during the 1980s and 1990s, as well
as the importance of salmon to west coast fisheries,
have resulted in research being focused primarily on
salmon. Temperature changes affect salmon directly,

through impacts on growth, survival and reproduction, as well as indirectly, through effects on
predator-prey dynamics and habitat. Changes in river
flows and extreme climate events have also been
shown to affect salmon survival and production.
Marine ecosystems along the Atlantic coast also
experienced significant changes in the 1990s, with
shellfish replacing groundfish as the most valuable
catch. Although this shift was driven primarily by
fishing practices, climatic changes likely played a
role. Future warming trends may impact the shellfish populations on which the region now relies.
For example, water temperature has been shown to
have a strong influence on snow crab reproduction
and distribution. There is also concern that the
frequency and intensity of toxic algal blooms,
which can cause shellfish poisoning, may increase.
Other important issues for the Atlantic region
include the effects of climate change on salmon
and aquaculture operations.
The most significant impacts of future climate
change on Arctic marine ecosystems are expected
to result from changes in sea-ice cover. A decrease
in sea-ice cover would affect marine productivity,
fish distribution and fishing practices (e.g., accessibility to sites, safety), as well as marine mammals.
In fact, there is growing evidence that climate
change has already begun to affect fisheries and
marine mammals along the Arctic coast. For example, declines in polar bear condition and births in
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the western Hudson Bay region have been associated
with warmer temperatures and earlier ice break-up,
while capture of types of salmon outside of known
species ranges may be early evidence that distributions are shifting. The opening of the Northwest
Passage to international shipping would also
affect Arctic fisheries, through the increase in
traffic, pollution and noise in the region.
Key climate change impacts for freshwater fisheries
are expected to result from higher water temperatures, lower water levels, shifts in seasonal ice
cover and the invasion of new and exotic species.
Overall, some fish (e.g., warm-water species)
would likely benefit, while others (e.g., cold-water
species) would suffer. For example, higher water
temperatures have been shown to decrease the
growth rate and survival of rainbow trout, yet
increase the population sizes of lake sturgeon.
Northward migration of fish species and local
extinctions are expected, and would lead to
changes in sustainable harvests (Figure 5). Higher
temperatures and lower water levels would also
exacerbate water quality problems, which would
increase fish contamination and impair fish health.

FIGURE 5: Relative changes in maximum sustained
yield of walleye in Ontario under a 2xCO2
climate change scenario. Note the general decrease in maximum sustained
yield in the southern part of the
province, and the increase in the
central and northern regions.

There is growing awareness of the need to anticipate and prepare for climate change in the fisheries
sector. One challenge for the fishing industry would
be to adjust policies and practices in an appropriate
and timely manner to deal with shifts in fish distribution and relative abundance. Recommendations
for adaptation include monitoring for changes;
enhancing the adaptive capacity of fish species
by reducing non-climatic stresses and maintaining
genetic diversity; and improving research and
communication. Careful consideration of the role
of regulatory regimes and programs in facilitating
or constraining adaptation is also important.

Coastal Zone
The coastal zone forms a dynamic interface of
land and water of high ecological diversity and
critical economic importance. Natural features in
the coastal zone support a diverse range of species
and are key areas for fisheries and recreation,
while coastal infrastructure is essential for trade,
transportation and tourism. Canada’s coastline,
which is the longest in the world, extends along
the Atlantic, Pacific and Arctic Oceans, as well as
along the shores of large freshwater bodies, such
as the Great Lakes.
Climate change would impact the coastal zone
primarily through changes in water levels. Sea
level rise, resulting from thermal expansion of
ocean waters and increased melting of glaciers
and ice caps, is the main issue for marine regions.
Conversely, declining water levels, resulting from
changes in precipitation and evaporation, are
projected for the Great Lakes. Other impacts on
the coastal zone would result from changes in
wave patterns, storm surges, and the duration
and thickness of seasonal ice cover.
Global sea level is projected to rise by 8 to
88 centimetres between 1990 and 2100, with sea
level rise continuing and perhaps accelerating
in the following century. From an impacts and
adaptation perspective, however, it is relative
sea level rise that is important. Changes in
relative sea level would vary regionally and
depend largely on geological processes. Overall,
more than 7000 kilometres of Canada’s coastline

Courtesy of Fisheries and Oceans Canada.
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FIGURE 6: Potential biophysical and socio-economic impacts of climate change in the coastal zone.

Climate change
and
sea level rise

BIOPHYSICAL IMPACTS
• More extensive coastal inundation
• Increased coastal erosion
• Saltwater intrusion into freshwater aquifers
• Reduced sea-ice cover
• Higher storm-surge flooding
• Higher sea surface temperatures
• Loss of coastal habitat

SOCIO-ECONOMIC IMPACTS
• Damage to coastal infrastructure, including
that used for transportation and recreation
• Increased length of shipping season
• Increased property loss
• Increased risk of disease
• Increased flood risks and potential loss of life
• Changes in renewable and subsistence resources
(e.g., fisheries)
• Loss of cultural resources and values

are considered highly sensitive to future sea level
rise. In these sensitive regions, sea level rise and
climate change are expected to lead to a suite of
biophysical and socio-economic impacts (Figure 6).
Many regions along the Atlantic coast are identified
as highly sensitive to sea level rise. These include
the north shore of Prince Edward Island, the Gulf
coast of New Brunswick, much of the Atlantic
coast of Nova Scotia, and parts of Charlottetown
and Saint John. Key issues for these areas include
increases in storm surge flooding, permanent
submerging of parts of the coast, accelerated
erosion of beaches and coastal dunes, degradation
of coastal wetlands such as salt marshes and
saltwater intrusion into coastal aquifers. A case
study conducted in Prince Edward Island suggests
that more intense storm surges resulting from sea
level rise and climate change would have significant economic impacts on urban infrastructure and
properties in Charlottetown.

Although the Pacific region has a generally low
sensitivity to sea level rise, there are small but
important areas, including parts of the Queen
Charlotte Islands, the Fraser Delta, and portions
of Victoria and Vancouver, that are considered
highly sensitive. Main issues include the breeching
of dykes, flooding and coastal erosion. The Fraser
Delta, which supports a large and rapidly growing
population, is protected by an extensive dyke
system, and parts of the delta are already below
sea level. Further sea level rise in this region
would impact natural ecosystems, farmland and
industrial and residential areas in the region,
unless accompanied by appropriate adaptations.
Changes in sea-ice cover will likely be the most
significant direct impact of climate change on the
Arctic coastline. A decrease in sea-ice cover would
increase the extent and duration of the open water
season, thereby affecting travel, personal safety and
accessibility to communities and hunting grounds.
This has important implications for traditional ways
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TABLE 1: Adaptation strategies for the coastal zone
Response option

Meaning

Example

Protect

Attempt to prevent the sea from impacting the land

Build seawalls, beach nourishment

Accommodate

Adjust human activities and/or infrastructure to
accommodate sea level changes

Elevate buildings on piles, shift agriculture
production to drought- or salt-tolerant crops

Retreat

Do not attempt to protect the land from the sea

Abandon land when conditions become intolerable

of life. An increase in open water would also
increase the sensitivity of the coastline to sea level
rise. Although most of the Arctic coastline is not
considered to be sensitive to sea level rise, parts of
Beaufort Sea coast, including the outer Mackenzie
Delta and Tuktoyaktuk Peninsula, are an exception.
In this region, sea level rise, combined with
decreased ice cover and permafrost degradation,
would amplify the ongoing destructive processes
in the coastal zone and create problems for coastal
communities and infrastructure.
The major impact of climate change in the Great
Lakes basin would be a long-term decline in water
levels. Lower water levels would restrict access at
docks and marinas, decrease the cargo capacity of
ships, impact beaches and other recreational sites,
and cause water supply, taste and odour problems

Photo courtesy of Natural Resources Canada
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for coastal communities. Conversely, lower water
levels may benefit coastal areas by decreasing
the frequency and severity of flooding and coastal
erosion. However, erosion may increase in the
winter if ice cover, which offers seasonal protection, is reduced.
In many cases, adaptation to climate change will
derive from existing strategies used to deal with
past changes in water level; namely protect,
accommodate and retreat (see Table 1). Adaptation
plans would generally involve a combination of
these strategies. Some specific adaptation strategies
recommended for sensitive regions of Canada
include dune rehabilitation in Prince Edward Island,
extending and upgrading the dyke system in the
Fraser Delta, and adjusting shoreline management
plans and polices in the Great Lakes region.

Transportation
Transportation is an essential element of Canadian
economic and social well-being. The main components of our transportation system are roads, rail,
air and water, all of which play important though
varying roles across the country. Assessing the
vulnerability of these components to climate
change is a key step toward ensuring a safe and
efficient transportation system in the future.
Climate change is expected to impact transportation
primarily through changes in temperature, precipitation, extreme events and water levels (Figure 7).
The most vulnerable transportation systems
include ice roads, Great Lakes shipping, coastal
infrastructure and infrastructure situated on
permafrost. Impacts would vary regionally, with
both challenges and new opportunities expected.
In some cases, benefits would have the potential
to outweigh future damages, and a warmer
climate may translate into savings for those
who build, maintain and use Canada’s
transportation infrastructure.
In southern regions of the country, an increase in
summer temperature would affect the structural
integrity of pavement and railway tracks, through
increased pavement deterioration and railway

buckling. It is expected, however, that losses
incurred in southern Canada during the summer
would be outweighed by benefits projected for
the winter. Damage to pavement from freeze-thaw
events would likely decrease in much of southern
Canada, and the costs and accidents associated
with winter storms are expected to decline.
Changes in precipitation patterns could also affect
transportation infrastructure. Future increases in
the intensity and frequency of heavy rainfall events
would have implications for the design of roads,
highways, bridges and culverts with respect to
stormwater management, especially in urban areas
where roads make up a large proportion of the land
surface. Accelerated deterioration of transportation
infrastructure, such as bridges and parking garages,
may occur where precipitation events become more
frequent, particularly in areas that experience acid
rain. An increase in debris flows, avalanches and
floods due to changes in the frequency and intensity of precipitation events could also affect
transportation systems.
Although there would be some advantages associated
with higher temperatures associated with higher temperatures (e.g., fewer periods of extreme cold would
benefit railways), there would also be several new
challenges. Permafrost degradation, and its effects on
the structural integrity of roads, rails and runways, is

Photo courtesy of Diavik Diamond Mines Inc.
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FIGURE 7: Potential impacts of climate change on transportation in Canada.

Moderate High

Increase in storm frequency and severity
Increase in precipitation intensity

Increase in mean temperature
Sea level rise

Confidence Level a

Change in temperature extremes (increase
in summer, decrease in winter)
Changes in mean precipitation

Low

EXPECTED CHANGES IN CLIMATIC VARIABLES

POTENTIAL IMPACTS ON TRANSPORTATION SYSTEMS

NATIONAL IMPACTS

NORTHERN CANADA

• Changes in fuel efficiencies and payloadsb
• Changes in length and quality of construction seasonb
• Impacts on health and safety (e.g., accidents, access
to services)b
• Changes in transportation demand and competitionb

• Increased Arctic shipping (Northwest Passage)
• Infrastructure damage from permafrost degradation
and increase in freeze-thaw cycles
• Changes to maintenance and design practicesb

SOUTHERN CANADA
•
•
•
•
•
•
•

Inundation and flooding of coastal infrastructure (Atlantic and Pacific)
Increased costs of shipping in Great Lakes–St. Lawrence Seaway system
Increased landslide/avalanche activity (reduced mobility, increased maintenance costs)
Increased flooding of inland infrastructure
Changes in winter maintenance costs for surface and air transportb
Decreased damage from fewer freeze-thaw cyclesb
Changes to maintenance and design practicesb

a

Refers to agreement among global climate models as per IPCC (reference 15).

b

Refers to potential impacts with limited or no completed climate change studies on the topic.
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a key concern. The social and economic implications
of a shortened ice-road season are also important
to consider. Recent warm winters have resulted in
the governments of Alberta and Manitoba having
to spend millions of dollars flying supplies into
communities normally served by ice roads.
In coastal regions, changes in water levels would
affect transportation infrastructure and shipping
efficiencies. Rising sea level on the coasts would
increase flooding and storm surges, with potential
consequences for causeways, bridges, marine
facilities and municipal infrastructure. In the
Great Lakes–St. Lawrence Seaway, lower water
levels would decrease the efficiency of shipping
operations by reducing cargo volumes. Shipping
opportunities in northern Canada may increase
due to less ice coverage and the potential opening
of the Northwest Passage. This would present both
new opportunities and challenges for the North,
creating new possibilities for economic development,
but also raising safety and environmental concerns.

The impacts of future climate change on health
and the healthcare sector in Canada would be
both direct (e.g., changes in temperature-related
morbidity and mortality) and indirect (e.g., shifts
in vector-borne diseases). There would be some
benefits for human health, as well as many
challenges (see Table 2). It is expected that
climate change would make it more difficult to
maintain our health and well-being in the future.
The impacts on the more vulnerable groups of the
population, including the elderly, the young, the
infirm and the poor, are of particular concern.
Higher temperatures are expected to increase the
occurrence of heat-related illnesses such as heat
exhaustion and heat stroke, and exacerbate existing
conditions related to circulatory-, respiratory- and
nervous-system problems. An increase in heat
waves, particularly in urban areas, could cause
significant increases in the number of deaths.

The impacts of climate change on transportation
over the next century in Canada are expected to
be largely manageable. Key adaptation initiatives
include incorporating climate change into infrastructure design and maintenance; improving
information systems; and increasing the resiliency
and sustainability of transportation systems. For
example, in northern Canada, future changes in
permafrost should be considered in the selection
of routes for roads and pipelines.

Human Health and Well-Being
Health and health services are extremely important
to Canadians. Physical, mental and social wellbeing are key indicators of quality of life, and
more than $100 billion is spent each year on
health services. Although health is influenced
by a range of social and economic factors, our
country’s variable climatic conditions also play
a role. Seasonal trends are apparent in illness
and death, while extreme climate events and
weather disasters have both acute and chronic
health effects.

Photo courtesy of Natural Resources Canada
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Higher overnight temperatures during heat waves
are also a concern for human health, as cooler
temperatures at night offer much-needed relief
from the heat of the day. With respect to beneficial
impacts, a decrease in extreme cold events during
the winter would decrease cold-weather mortality,
especially among the homeless.

by an increase in airborne particulates, resulting
from more frequent and intense forest fires.
Airborne particulates have been shown to cause
nasal, throat, respiratory and eye problems.

Respiratory disorders, such as asthma, would
be affected by changes in average and peak air
pollution levels. Higher temperatures could lead
to an increase in background ground-level ozone
concentrations, and increase the occurrence of
smog episodes. Air pollution would also be affected

Another concern is the potential impact of
higher temperatures and heavier rainfall events on
waterborne diseases. Heavy rainfall and associated
flooding can flush bacteria, sewage, fertilizers and
other organic wastes into waterways and aquifers.
A significant number of waterborne disease outbreaks across North America, including the E. coli
outbreak in Walkerton, Ontario in 2000, were
preceded by extreme precipitation events. Higher

TABLE 2: Potential health impacts from climate change and variability.
Health concerns

Examples of health vulnerabilities

Temperature-related morbidity and mortality

• Cold- and heat-related illnesses
• Respiratory and cardiovascular illnesses
• Increased occupational health risks

Health effects of extreme weather events

•
•
•
•
•

Damaged public health infrastructure
Injuries and illnesses
Social and mental health stress due to disasters
Occupational health hazards
Population displacement

Health problems related to air pollution

•
•
•
•

Changed exposure to outdoor and indoor air pollutants and allergens
Asthma and other respiratory diseases
Heart attacks, strokes and other cardiovascular diseases
Cancer

Health effects of water- and
food-borne contamination

• Enteric diseases and poisoning caused by chemical and
biological contaminants

Vector-borne and zoonotic diseases

• Changed patterns of diseases caused by bacteria, viruses and
other pathogens carried by mosquitoes, ticks and other vectors

Health effects of exposure to ultraviolet rays

• Skin damage and skin cancer
• Cataracts
• Disturbed immune function

Population vulnerabilities in rural and
urban communities

•
•
•
•
•
•
•

Seniors
Children
Chronically ill people
Low income and homeless people
Northern residents
Disabled people
People living off the land

Socio-economic impacts on community
health and well-being

•
•
•
•
•
•

Loss of income and productivity
Social disruption
Diminished quality of life
Increased costs to health care
Health effects of mitigation technologies
Lack of institutional capacity to deal with disasters

xxii

C l i m a t e C h a n g e I m p a c t s a n d Ad a p t a t i o n

temperatures tend to increase bacterial levels
and can encourage the growth of toxic organisms,
including those responsible for red tides (toxic
algal outbreaks).
Warmer weather may also make conditions
more favourable for the establishment and
proliferation of vector-borne diseases by
encouraging the northward migration of species
of mosquitoes, ticks and fleas, and by speeding
pathogen development rates. Some diseases of
potential concern include malaria, West Nile virus,
Lyme disease, and Eastern and Western Equine
Encephalitis. Mosquito-borne diseases, such as
West Nile virus and malaria, may also be able to
exploit an increase in breeding grounds resulting
from increased flooding.
Communities in northern Canada would face
additional health-related issues due to the impacts of
climate change on the distribution and characteristics of permafrost, sea ice and snow cover. In fact,
there is strong evidence that northern regions are
already experiencing the impacts of climate change.
Some key concerns include the consequences of

these changes on travel safety, ability to hunt
traditional food, access to clean drinking water
and fish contamination.
Some emerging issues with respect to climate
change and health include potential effects on
allergens and human behaviour. Increased temperatures, elevated atmospheric CO2 concentrations and
longer growing seasons would encourage plant
growth and pollen production. Human behaviour
could be affected by increases in natural hazards
and extreme climate events, as these can lead to
psychological stresses, including elevated anxiety
levels and depression.
Although Canadians are already adjusted to a
variable climate, climate change would place new
stresses on the health sector, which would require
additional adaptations. To maximize the effectiveness of climate change adaptations, climate change
should be incorporated into existing population
health frameworks. Integrating efforts between
different groups to develop a co-ordinated response
to climate change and health, and expanding monitoring and outreach initiatives, is also important.
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Adaptation has the potential to significantly
reduce health-related vulnerabilities to climate
change. Some adaptation initiatives include the
development of vaccines against emerging diseases,
public education programs aimed at reducing the
risk of disease exposure and transmission, and
improving disaster management plans so as to
enhance emergency preparedness. The implementation of early warning systems for extreme heat and
cold is another effective adaptation strategy, which
has recently been introduced in Toronto, Ontario.
Reducing the heat island effect in urban areas
would also reduce future climate change impacts.

4) Better understanding of current capacity
to deal with stress, and ways to enhance
adaptive capacity

Research Needs and
Knowledge Gaps

Conclusion

Although certain research needs are unique to each
sector, other issues are recurrent throughout the
report. For example, each sector would benefit from
increased research on social and economic impacts,
as well as improved access to and availability of
data. Research that integrates impacts and adaptation issues across different sectors, and examines
their interrelations and interdependencies, is needed
as well. It is also frequently recommended that
research focus on regions and sectors considered
to be most vulnerable, as well as on the climate
changes that would pose the greatest threats to
human systems. These include extreme climate
events, rapid climate change, and climate changes
that cause critical thresholds to be exceeded.
Other research needs and knowledge gaps
identified throughout the report include:
1) Better understanding of the interactive effects
between climate change and non-climatic
stresses, such as land use change and
population growth
2) Better understanding of the linkages between
science and policy and how to strengthen them
3) Studies on the potential social, economic and/or
environmental consequences of implementing
adaptation options
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5) Understanding of the barriers to adaptation,
and how to reduce them
6) Studies on how to incorporate climate change
into existing risk management frameworks and
long-term planning
7) Improved understanding of the factors that
influence adaptation decision-making and
how to designate responsibility for action.

Climate change is now recognized in the international
science and policy communities as a risk that needs to
be addressed through adaptation as well as through
mitigation. Changes of the magnitude projected by
the Intergovernmental Panel on Climate Change for
the current century would have significant impacts
on Canada. Different sectors and regions would have
differing vulnerabilities, which are a function of the
nature of climate change, the sensitivity of the sector
or region and its adaptive capacity. Although both
benefits and challenges are expected to result from
future climate change, there is general consensus in
the literature that negative impacts will likely prevail
for all but the most modest warming scenarios.
Adaptation is critical to minimizing the negative
impacts of climate change and allowing us to
capitalize on potential benefits. Effective adaptation
strategies should consider current and future vulnerabilities, and aim to incorporate climate change into
existing risk management frameworks. Continued
research into the potential impacts of climate
change and the processes of adaptation would
further contribute to reducing Canada’s vulnerability
to climate change.

Introduction

“T

oday, we face the reality that human activities have
altered the Earth’s atmosphere and changed the balance
of our natural climate.” (1)

Climate change has often been described as “one of
the most pressing environmental challenges.”(2) Our
lifestyles, our economies, our health and our social
well-being are all affected by climate. Changes in
climate have the potential to impact all regions of
the world and virtually every economic sector.
Although impacts will not be evenly distributed
around the globe, all countries will need to deal,
in one way or another, with climate change.

Our Changing Climate
“An increasing body of observations gives a collective
picture of a warming world and other changes in the
climate system” (3)
Climate is naturally variable, and has changed
greatly over the history of the Earth. Over the

past two million years, the Earth’s climate has
alternated between ice ages and warm, interglacial
periods. On shorter time scales, too, climate
changes continuously. For example, over the last
10 000 years, most parts of Canada have experienced
climate conditions that, at different times, were
warmer, cooler, wetter and drier than experienced
at present. Indeed, with respect to climate, the only
constant is that of continuous change.
There are a number of factors that drive climate
variability. These include changes in the Earth’s
orbit, changes in solar output, sunspot cycles,
volcanic eruptions, and fluctuations in greenhouse
gases and aerosols. These factors operate over a
range of time scales but, when considered together,
effectively explain most of the climate variability
over the past several thousand years. These natural
drivers alone, however, are unable to account for
the increase in temperature and accompanying suite
of climatic changes observed over the 20th century
(Figure 1).

FIGURE 1: Global instrumental temperature record and modelled reconstructions: a) using only natural drivers, and
b) including natural drivers, greenhouse gases and aerosols (from reference 4).
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Over the last century, global mean surface temperature has risen by about 0.6ºC (Figure 1; reference 5).
Although not unprecedented, this rate of warming is
likely to have been the greatest of any century in
the last thousand years.(5) All regions of the world
have not warmed by the same amount; certain
areas have warmed much more than others, and
some comparatively small areas have even experienced cooling. The timing of warming has also been
variable. Most of the warming occurred over two
distinct time periods of the 20th century (Figure 1a;
reference 5); there have been seasonal differences in
the amount of warming observed (see reference 6
for Canadian data); and night-time minimum temperatures have increased by about twice as much
as daytime maximum temperatures.(5)

this process is necessary for maintaining temperatures capable of supporting life on Earth, human
activities, such as the burning of fossil fuels and
land-use changes, have significantly increased the
concentrations of greenhouse gases in the atmosphere over the past century. For example, the
atmospheric concentration of CO2 has increased by
about 30% since the industrial revolution, from
280 parts per million (ppm) in the late 1700s to
about 372 ppm in 2002 (Figure 2; reference 7).
Humans have also introduced other, more potent
greenhouse gases, such as halocarbons (e.g., chlorofluorocarbons) to the atmosphere. This buildup
of greenhouse gases due to human activity
enhances the Earth’s natural greenhouse effect.

This warming observed over the 20th century has
been accompanied by a number of other changes in
the climate system.(5) For example, there has very
likely been an increase in the frequency of days
with extremely high temperatures, and a decrease
in the number of days of extreme cold.(5) Global
sea level has risen, while sea-ice thickness and
extent has decreased. The extent of snow and ice
cover has very likely declined, and permafrost
thickness has decreased in many northern areas. In
the northern hemisphere, annual precipitation has
very likely increased and heavy precipitation events
have likely become more common.(5)

FIGURE 2: Trends in atmospheric CO2, CH4 and N2O during
the last 1 000 years (from reference 3).

Why have these changes in climate been occurring?
Much research has addressed this question, and
the answer has become increasingly confident over
time: “most of the warming observed over the last
50 years is attributable to human activities.”(3) That
is to say that recent changes in climate can only be
explained when the effects of increasing atmospheric
concentrations of greenhouse gases are taken into
account (Figure 1).

The Greenhouse Effect
Greenhouse gases, such as water vapour, carbon
dioxide (CO2), methane (CH4) and nitrous oxide
(N2O), are emitted through natural processes, including plant decomposition and respiration, volcanic
eruptions, and ocean fluxes (e.g., evaporation).
Once in the atmosphere, these gases trap and reflect
heat back toward the Earth’s surface through a
process known as the greenhouse effect. Although
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Looking to the Future
Climate scenarios are used to project how climate
may change in the future. These projections are not
predictions of what will happen, but instead represent one of any number of plausible futures. Current
projections, as summarized in the Third Assessment
Report of the Intergovernmental Panel on Climate
Change (IPCC), suggest that global average temperature could rise by 1.4-5.8°C between 1990 and 2100
(Figure 3; reference 3).

Due to our northern latitude and large landmass,
Canada is projected to experience greater rates of
warming than many other regions of the world —
by some estimates, more than double the global
average. Changes in climate would be variable
across the country, with the Arctic and the southern
and central Prairies projected to warm the most
(Figure 4).

FIGURE 3: Projected temperature increases for different scenarios, within the context of 1 000 years of historic record
(from reference 8).
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FIGURE 4: Annual temperature projection for 2080s, based on Canadian Global Coupled Model 2-A21

Image courtesy of Canadian Institute of Climate Studies.

FIGURE 5: Precipitation change, based on Canadian Global Coupled Model 2-A21, for the period 2070–2099

Image courtesy of Canadian Institute of Climate Studies.
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Although the uncertainty associated with projecting
future changes in precipitation is greater than for
temperature, average annual precipitation is generally
expected to increase and changes in precipitation
patterns are likely (Figure 5). For instance, heavy
precipitation events are expected to become more

FIGURE 6: Changes in climate mean values and variability
will increase the frequency of climatic extremes
(from reference 9)

frequent, and there are likely to be larger year-to-year
variations in precipitation.(5) Seasonal differences will
also be important, as most models suggest that there
will be less precipitation during the summer months,
but increased winter precipitation over most of
Canada. Seasonal changes in precipitation patterns
are expected to be more important than changes in
annual totals in terms of impacting human activities
and ecosystems.
The probability of extreme climate events will also
change in the future. Such changes would occur
whether there is a shift in mean values (e.g., such
as is projected for annual temperature), a change in
climatic variability, or both (Figure 6).(9) Increases
in the frequency of extreme climate events are one
of the greatest concerns associated with climate
change. Such extreme events include heat waves,
droughts, floods and storms. Recent losses from the
1998 ice storm and the 1996 Saguenay River flood
are testament to Canada’s vulnerability to such
events (see Box 1).

A Range of Impacts
There is increasing evidence that climate change
is already affecting human and natural systems
around the world. In Canada, this is most evident in
the North, where changes in ice cover, permafrost
stability and wildlife distribution are impacting traditional ways of life.(11) For example, changes in
sea-ice distribution and extent have made travel in
the North more difficult and dangerous, and have
affected access to hunting grounds.(12) In other
regions of Canada, changes in water flows, fish
populations, tree distribution, forest fires, drought,
and agricultural and forestry pests have been associated with recent warming (see ‘Water Resources’,
‘Fisheries’, ‘Agriculture’ and ‘Forestry’ chapters).
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BOX 1: Two disasters of the late 1990s (from reference 10)
1998 Ice Storm
Cause: 50 to >100 mm of freezing rain over 5 days
Location: Corridor extending from Kingston, Ontario to
New Brunswick, including the Ottawa,
Montréal and Montérégie regions
Deaths: 28
Injured: 945
Evacuated: 600 000
Other impacts: Massive power outages
Estimated cost: $5.4 billion

Continued climate change, as projected by climate
models, would impact all areas of the country and
nearly every sector of the Canadian economy.
Although a gradual increase in temperature could
bring some benefits for Canada (e.g., longer growing
seasons and fewer deaths from extreme cold), it
would also present challenges. For example, higher
temperatures could increase damage from disturbances, such as forest fires and pests (Figure 7),
and increase heat-related morbidity and mortality.
An increase in the frequency and/or intensity of
extreme climate events would have the most serious
negative impacts. Experience indicates that natural
disasters, such as drought, flooding and severe
storms, often exceed our ability to cope, resulting
in significant social and economic impacts.

1996 Saguenay Flood
Cause: 290 mm of rainfall in less than 36 hours
Location: Saguenay River valley, Quebec
Deaths: 10
Injured: 0
Evacuated: 15 825
Other impacts: Downed power lines, damage to major
bridges, industry closures
Estimated cost: $1.6 billion

FIGURE 7: An increase in temperature and drought
conditions in the Prairies, as projected by
climate models, could lead to more intense
and widespread grasshopper infestations
in the future

Image courtesy of D. Johnson
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Adapting to a Changing
Climate
Responding to climate change requires a two-pronged
approach that involves reducing greenhouse gas
emissions, referred to as climate change mitigation,
and adjusting activities and practices to reduce our
vulnerability to potential impacts, referred to as
adaptation. Mitigation is necessary to decrease both
the rate and the magnitude of global climate change.
Mitigation will not, however, prevent climate change
from occurring. The nature of the Earth’s climate
systems means that temperatures would continue to
rise, even after stabilization of CO2 and other greenhouse gases is achieved (Figure 8). Adaptation is
therefore necessary to complement mitigation strategies. The United Nations Framework Convention on
Climate Change (UNFCCC) and the Kyoto Protocol
each include requirements for parties to consider
climate change adaptation. The Kyoto Protocol,
for example, states that parties must “facilitate
adequate adaptation to climate change”
(Article 10b, reference 13).

Adaptation refers to activities that minimize the
negative impacts of climate change, and/or position
us to take advantage of new opportunities that may
be presented. Adaptation is not a new concept:
humans have always adapted to change, and will
continue to do so in the future. Canadians, for
instance, have developed a range of strategies
that have allowed us to deal effectively with our
extremely variable climate. Consider our climatecontrolled houses and offices, our warning systems
for thunderstorms and tornadoes, and even our
wide variety of seasonal clothing.
There are two main concerns with respect to our
ability to adapt to future climate change. First,
the rate of change projected by climate models is
unprecedented in human history. As the rate of
change increases, our ability to adapt efficiently
declines. Second, as previously stated, the frequency
and intensity of extreme events are projected to
increase. In the past decade, losses from the 1998 ice
storm, flooding in Manitoba and Quebec, drought
and forest fires in western Canada, storm surges in
Atlantic Canada, and numerous other events clearly
demonstrate our vulnerability to climate extremes.

FIGURE 8: Carbon dioxide concentration, temperature and sea level continue to rise long after emissions are reduced
(from reference 8).
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TABLE 1: Adaptation strategies
Category

Explanation

Example

Bear the costs

Do nothing to reduce vulnerability and
absorb losses

Allow household lawns and gardens to wither

Prevent the loss

Adopt measures to reduce vulnerability

Protect coastal communities with seawalls
or groins

Spread or share the loss

Spread burden of losses across different
systems or populations

Crop insurance

Change the activity

Stop activities that are not sustainable under the
new climate, and substitute with other activities

Make ski resort a four-season facility to attract
tourists year round

Change the location

Move the activity or system

Move ice fishing operations farther north

Enhance adaptive capacity

Enhance the resiliency of the system to improve
its ability to deal with stress

Reduce non-climatic stresses, such as pollution

A number of different types of adaptation strategies
have been identified to reduce vulnerability to climate change (see Table 1). Adaptation includes
activities that are taken before impacts are observed
(anticipatory), as well as those that occur after
impacts have been felt (reactive). Adaptation can
also be the result of deliberate policy decisions
(planned adaptation), or it can occur spontaneously
(autonomous adaptation). Adaptation in unmanaged
natural systems will be reactive and autonomous,
while managed systems will be able to benefit
from anticipatory, planned adaptation strategies.
Individuals and many different groups, including
organizations, industry and all levels of government, will implement adaptation options. The most
effective and cost-efficient adaptive responses will
generally be anticipatory and involve collaborations
among different groups.
In most cases, the goal of adaptation is to enhance
adaptive capacity (see ‘Directions’ chapter). Adaptive
capacity is defined as “the ability of a system to
adjust to climate change (including climate variability
and extremes), to moderate potential damages, to
take advantage of opportunities, or to cope with
the consequences.”(14) A sector or region with a
high adaptive capacity would generally be able to
cope with, and perhaps even benefit from, changes
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in the climate, whereas one with a low adaptive
capacity would be more likely to suffer as a result
of the same change. In addition to reducing vulnerability to future climate change, enhancing adaptive
capacity would also increase our ability to deal
with present-day climate variability.

Scope and Goal of this Report
The first assessment of climate change impacts and
adaptation on a national scale in Canada was completed in 1998. Called the Canada Country Study,
the assessment was conducted by experts from government, industry, universities and nongovernmental
organizations, and provided a review of scientific
and technical literature on climate change impacts
and adaptation. The multi-volume report examined
the impacts of climate change across Canada’s
regions and economic sectors, as well as potential
adaptive responses. Among the many conclusions of
the Canada Country Study was that climate change
has the potential to impact our natural resource
industries, all socio-economic sectors, and therefore
“Canada’s prosperity and well-being.”(15)

This report, Climate Change Impacts and Adaptation:
A Canadian Perspective, provides an update to
the Canada Country Study by focusing on research
conducted between 1997 and 2002. A considerable
amount of work has been completed on climate
change impacts and adaptation during this time,
due in part to the attention brought to the issue
by the Canada Country Study, as well as targeted
research funding programs and international initiatives, such as the reports of the IPCC. Climate
Change Impacts and Adaptation: A Canadian
Perspective is not a comprehensive assessment of
the literature, but rather a summary of recent studies
with the goal of raising awareness of the range
and significance of climate change impacts and
adaptation issues. Throughout the report, the term
“climate change” is used to refer to any change in
climate over time, whether it be the product of natural variability, human activity or both. That is how
the IPCC uses the term, but it differs from the usage
of the UNFCCC, which restricts the term to climate
changes that can be directly or indirectly related to
human activity.
Although this review focuses primarily on Canadian
research on climate change impacts and adaptation,
additional reference material is included to provide
both a North American and a global context for
the Canadian work. The report also highlights the
results of research funded by the Government of
Canada’s Climate Change Action Fund. Although
much of this research has not yet been subject to
full peer review, it provides examples of new and
often innovative research in the field of climate
change impacts and adaptation.
Climate Change Impacts and Adaptation: A
Canadian Perspective begins with a chapter that
introduces key concepts in impacts and adaptation
research, and discusses current directions in understanding vulnerability, scenarios and costing. This
is followed by seven chapters that each focus on
sectors of key importance to Canada, namely water
resources, agriculture, forestry, coastal zone,
fisheries, transportation, and human health and
well-being.
Vulnerability is a key theme throughout the report.
This focus reflects the shift in impacts and adaptation
research over recent years from projecting potential
impacts to understanding the risk that climate
change presents to the environment, economy and

society (see ‘Directions’ chapter). Vulnerability,
defined as “the degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and
extremes,”(14) provides a basis for managing the
risks of climate change despite the uncertainties
associated with future climate projections. In that
sense, this report also serves as a primer for the
next national-scale assessment of climate change
impacts and adaptation, which will focus on understanding Canada’s vulnerability to climate change.
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Research Directions

“T

he role of adaptation to climate change and variability
is increasingly considered in academic research and
its significance is being recognized in national and
international policy debates on climate change.”(1)

Climate change impacts and adaptation is a multidisciplinary field of research that requires an
integrative approach. In addition to considering a
wide range of information from the natural sciences,
climate change studies must also incorporate social,
economic and political research. Increasing numbers
of researchers are therefore becoming involved in
impacts and adaptation research, and the field
continues to grow and develop.

gradual changes in mean conditions would.(7) In
addition, it had become apparent that mitigation
could not prevent climate change from occurring;
temperatures would continue to rise even if stabilization of carbon dioxide were achieved.(8) These
factors led to recognition among the international
climate change community that adaptation was a
necessary complement to mitigation for reducing
vulnerability to climate change.

The First Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC), published in 1990,
was a strong influence in developing the United
Nations Framework Convention on Climate Change
(UNFCCC) in 1992. Research on climate change
impacts at that time focused primarily on the
potential consequences of different scenarios of
greenhouse gas emissions and options for mitigation.
Although the ability of adaptation to modify future
impacts was recognized, as evident in Article 4 of
the UNFCCC, adaptation generally received little
consideration in these early studies.(2)

This shift in attitude is reflected in the changing
titles of the three IPCC Working Group II assessment reports completed between 1990 and 2001
(Table 1), as well as in a number of recent
reports on approaches to impacts and adaptation
research.(8, 9, 10, 11, 12)

The decade following the release of the IPCC’s
First Assessment Report saw significant evolution
of climate change impacts and adaptation research,
due to a number of factors. First, there was growing evidence that climate change was already
occurring,(3) with significant consequences in some
regions.(4, 5, 6) Impacts could no longer be viewed
as hypothetical outcomes of various emissions
scenarios, but instead needed to be addressed as
real and imminent concerns. Research was also
suggesting that there would be changes in the
frequency and intensity of extreme climate events,
and that these changes would likely challenge
human and natural systems much more than

TABLE 1: Titles of the first, second and third assessment
reports of IPCC Working Group II
Year

Title

1990

Impacts Assessment of Climate Change

1995

Climate Change 1995: Impacts, Adaptation and
Mitigation of Climate Change

2001

Climate Change 2001: Impacts, Adaptation
and Vulnerability

In Canada, the first national assessment of climate
change impacts and adaptation, the Canada Country
Study, was published in 1998. This multi-volume
report examined the impacts of climate change
as well as potential adaptive responses across
Canada’s regions and economic sectors. This assessment of research revealed that, although traditional
climate impacts studies (e.g., sensitivity analyses,
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baseline data gathering and model improvements)
were still required, there was also a need to proceed with more integrative work that involved
stakeholders, addressed costing issues and applied
a more multidisciplinary approach. The Canada
Country Study also concluded that limitations in
scientific understanding of climate change should
not delay the implementation of adaptations that
would reduce vulnerability to climate change.
Reflecting these international and national trends in
research, this chapter focuses first on the concepts,
rationale and goals of understanding vulnerability
to climate change. Vulnerability provides a basis
for establishing priorities and helps direct research
so that it better contributes to adaptation decision
making. The next section provides an overview of
the role of scenarios in impacts and adaptation
research. Climate scenarios project the nature and
rate of future changes in climate, which strongly
influence vulnerability to climate change. The final
section focuses on costing the impacts of, and
adaptation to, climate change. Costing research,
which includes consideration of both market and
nonmarket goods and services, is seen as a key
approach to providing quantitative estimates of
vulnerability, and therefore influencing future
adaptation and mitigation decision making.

Understanding Vulnerability
“Analysis of vulnerability provides a starting point
for the determination of effective means of promoting
remedial action to limit impacts by supporting
coping strategies and facilitating adaptation.” (13)
Most climate change impacts and adaptation studies
completed to date have used, as a starting point,
scenarios of future climate, from which potential
impacts on ecosystems and human activities are
identified and adaptation options assessed. For
example, several of the studies cited in this report
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BOX 1: Definitions of key terms (from reference 14)
Vulnerability: “The degree to which a system is
susceptible to, or unable to cope with, adverse
effects of climate change, including climate
variability and extremes. Vulnerability is a function
of the character, magnitude and rate of climate
variation to which a system is exposed, its sensitivity, and its adaptive capacity.”
Sensitivity: “The degree to which a system is affected,
either adversely or beneficially, by climate-related
stimuli. The effect may be direct (e.g., a change
in crop yield in response to a change in the mean,
range or variability of temperature) or indirect
(e.g., damages caused by an increase in the frequency of coastal flooding due to sea-level rise).”
Adaptive capacity: “The ability of a system to
adjust to climate change (including climate
variability and extremes) to moderate potential
damages, to take advantage of opportunities,
or to cope with the consequences.”

used a scenario of doubled concentration of atmospheric carbon dioxide as the basis for assessing
potential impacts. Although such studies have
yielded useful insights and contributed significantly
to improving our understanding of interactions
between climate change, ecosystems and human
systems, several limitations of this approach have
become apparent, particularly if the goal of such
studies is to assist in adaptation decision making.
For instance, studies based primarily on the output
of climate models tend to be characterized by results
with a high degree of uncertainty and large ranges,
making it difficult to estimate levels of risk.(15) In
addition, the complexity of the climate, ecological,
social and economic systems that researchers are

modelling means that the validity of scenario results
will inevitably be subject to ongoing criticism. For
example, recent papers suggest that the exclusion of
land-use change and biological effects of enhanced
carbon dioxide,(16) and the poor representation of
extreme events,(17) limit the utility of many commonly
used scenarios. Such criticisms should not be interpreted as questioning the value of scenarios; indeed,
there is no other tool for projecting future conditions. What they do, however, is emphasize the
need for a strong foundation upon which scenarios
can be applied, a foundation that provides a basis
for managing risk despite uncertainties associated
with future climate changes.

FIGURE 1: Steps in the vulnerability approach. Note that
research need not follow a linear progression;
instead, the process should be iterative, with
some steps being undertaken simultaneously.

This foundation lies in the concept of vulnerability.
The IPCC defines vulnerability as “the degree
to which a system is susceptible to, or unable to
cope with, adverse effects of climate change,
including climate variability and extremes.”(14)
Vulnerability is a function of a system’s exposure
to the impacts of climate, its sensitivity to those
impacts, and its ability to adapt.(18) It is important
to distinguish vulnerability from sensitivity, which
is defined as “the degree to which a system is
affected, either adversely or beneficially, by
climate-related stimuli.”(14) Sensitivity does not
account for the moderating effect of adaptation
strategies, whereas vulnerability can be viewed
as the impacts that remain after adaptations have
been taken into account.(13) Therefore, although
a system may be considered highly sensitive to
climate change, it is not necessarily vulnerable.
Social and economic factors play an important role
in defining the vulnerability of a system or region.

Involves understanding adaptive capacity,
critical thresholds and coping ranges

Applying a vulnerability approach to climate
change impacts and adaptation research involves
five major steps, as outlined in Figure 1. In this
approach, an understanding of the current state
of the system provides an initial assessment of
vulnerability that is independent of future changes
in climate. This allows researchers to improve
their understanding of the entire system and
develop more realistic estimates of the feasibility

Vulnerability Approach
Engage stakeholders
Important to both engage and retain
stakeholders throughout project

Assess current vulnerability

Estimate future conditions
Involves using climate, environmental
and socio-economic scenarios

Estimate future vulnerability
Is determined by the two previous steps
(current vulnerability and future conditions)

Decisions and implementation
Involves assessment of options available
to reduce vulnerability

of future adaptation options. Consideration of
current conditions also encourages the involvement
of stakeholders (see Box 2) and facilitates the implementation of “no-regrets” adaptation strategies.
To assess future vulnerabilities, researchers build
upon the knowledge achieved through examining
current vulnerability by applying projections of
future climatic and socio-economic conditions.
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Factors Affecting Current Vulnerabilities
BOX 2: Involving stakeholders
Who?
Stakeholders include:
• industry representatives, public planners,
landowners, policy-makers and others who
will potentially be affected by climate change.
Why?
Stakeholders provide:
• a strong understanding of the system or region
being studied;
• knowledge of key issues and research needs;
and
• mechanisms through which to apply research
results to decision-making and adaptation
implementation.
Stakeholders gain:
• increased likelihood of having their priorities
addressed; and
• stronger understanding of the potential and
limits of study results.(19)
How?
Stakeholder participation may involve:
• sitting on advisory committees;
• providing feedback on work plans, draft reports
and scenario selection; and
• contributing ideas and information.(20)
Establish a dialogue between stakeholders
and researchers to provide a two-way exchange
of information.(19)
When?
Engage stakeholders at the initial stage of the
project and maintain stakeholder involvement
throughout the entire project.

The primary goal of the vulnerability approach is
to promote research that contributes to adaptation
decision-making by providing a framework in
which priorities can be established in spite of the
uncertainties concerning future climate change.
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The current vulnerability of a system is influenced
by the interrelated factors of adaptive capacity,
coping ranges and critical thresholds.
The IPCC defines adaptive capacity as “the ability
of a system to adjust to climate change (including
climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or
to cope with the consequences.”(14) More simply,
adaptive capacity is a measure of a system’s ability
to adapt to change. A system with a high adaptive
capacity is able to cope with, and perhaps even benefit from, changes in the climate, whereas a system
with a low adaptive capacity would be more likely
to suffer from the same change. Enhancing adaptive
capacity is an often-recommended “no-regrets”
adaptation strategy that brings both immediate
and long-term benefits.
Considerable research has been dedicated to identifying the factors that influence adaptive capacity
(see Table 2). Although this research provides useful
indicators, quantitative assessment of adaptive capacity
remains challenging. In fact, there is little agreement
on the necessary criteria for evaluating these determinants, and what variables should be used.(8)
Characteristics such as per capita income, education
level and population density have been used as
proxy variables for some of the determinants.(21)
Current vulnerability is often estimated by examining
how a system has responded to past climate variability. A system that has a proven ability to adapt to
historical climate fluctuations and stress is generally
considered less vulnerable. Researchers therefore
suggest that there is much to be learned from the
natural hazards literature.(22) Studying how communities have responded socially, economically and
politically to past disasters provides insight into potential responses to future events. Other researchers
caution, however, that observed responses to past
events may potentially be “highly misleading predictors of future response.”(23) It is important to
consider the ability of a region or community to learn
from the past and implement strategies to reduce
losses from similar events in the future. For example,
since the 1998 ice storm, Quebec has taken significant measures to strengthen emergency preparedness
and response capacity, and is therefore much better
positioned to cope with future extreme events.(24)

TABLE 2: Key determinants of adaptive capacity (based on reference 8).
Determinant

Explanation

Economic resources

• Greater economic resources increase adaptive capacity.
• Lack of financial resources limits adaptation options.

Technology

• Lack of technology limits range of potential adaptation options.
• Less technologically advanced regions are less likely to develop and/or
implement technological adaptations.

Information and skills

• Lack of informed, skilled and trained personnel reduces adaptive capacity.
• Greater access to information increases likelihood of timely and appropriate adaptation.

Infrastructure

• Greater variety of infrastructure can enhance adaptive capacity, since it provides more options.
• Characteristics and location of infrastructure also affect adaptive capacity.

Institutions

• Well-developed social institutions help to reduce impacts of climate-related risks,
and therefore increase adaptive capacity.

Equity

• Equitable distribution of resources increases adaptive capacity.
• Both availability of, and access to, resources is important.

By examining response to past climatic variability,
it is possible to define the coping range of a given
system (see Box 3). The coping range refers to the
“range of circumstances within which, by virtue of
the underlying resilience of the system, significant
consequences are not observed.”(21) Critical thresholds

can be viewed as the upper and lower boundaries
of coping ranges,(21) and are usually location specific.(25) Significant impacts are expected to occur
when critical thresholds are exceeded. Some examples of critical thresholds include the maximum
air temperature at which a specific crop can grow,

BOX 3: Coping range and critical thresholds
Time series of a climate variable (e.g., temperature)

}

Upper threshold

Coping
range

Increased coping
range due to
adaptation

{
Lower threshold

Time (years)

Adaptation
implementation

Coping range: “The variation in climatic stimuli that a system can absorb without producing significant impacts.” (14)
Critical thresholds: The boundaries of coping ranges; significant impacts result when critical thresholds are exceeded.(21)
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Assessing Future Vulnerabilities
To estimate future vulnerabilities, researchers apply
scenarios (projections of future climate and socioeconomic conditions) to build upon the knowledge
and understanding of the system gained through
assessing current vulnerability. Important considerations include the nature and rate of future climate
change, including shifts in extreme weather, and the
influence of changes in socio-economic conditions.
Once the coping range of a system has been defined,
climate scenarios can be used as a starting point
for determining the probability of exceeding critical
thresholds in the future.(25) Consider a simplified
example of river flow volume, presented by Yohe
and Tol.(21) The upper and lower critical thresholds
can be defined by examining current and historical
data for the river. For instance, the upper threshold
could correspond to the maximum flow volume before
serious flooding occurs, and the lower threshold
may represent the minimum flow required to sustain
water demand in the region (see Box 4, Graph A).
The frequency with which these two thresholds have
been exceeded in the historical period can be determined, and water managers and other stakeholders
recognize this probability as the risks associated with
living in the region. Using data from climate scenarios,
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Graph A: Historical time series of river flow. Note
that, over the time period of record, flooding occurs
three times and there is insufficient water to meet
demand two times.
Flooding occurs

River flow (m3/s)

Understanding the coping range and critical
thresholds of a system is an important prerequisite
to assessing the likely impacts of climate change
and estimating the potential role of adaptation.
Coping ranges can, however, be influenced by
a range of physical, social and political factors,
and therefore may not be easy to define. In some
instances, traditional knowledge may be an important complement to other data for improving
understanding of coping ranges, as well as
overall vulnerability to climate change.(26, 27)

BOX 4: River flow example of coping range
(modified from reference 21)

Coping Range

Insufficient water to meet demand
Time (years)

Graph B: Hypothetical future river flow regime with
increased variability (higher maximum flows, lower
minimum flows), and trend of increased flow. Note
that flooding now occurs five times, and there is
insufficient water to meet demand four times.
Flooding occurs
River flow (m3/s)

the minimum river water levels required for fish
survival, and the maximum intensity of rainfall that
can be handled by an urban storm-sewer system.
Critical thresholds are not always absolute values,
but rather may refer to a rate of change.(25) Some
systems may be able to respond readily to slow rates
of change even for long periods of time, whereas a
more rapid rate of change would exceed the ability of
the system to adjust and result in significant impacts.

Trend line

Coping Range

Insufficient water to meet demand
Time (years)

researchers can estimate how flow volumes could
change in the future, and thereby affect the probability of critical thresholds being exceeded (see
Box 4, Graph B). Note that exact predictions of the
future are not required with this approach, as the
focus is on estimated probabilities.(25) Furthermore,
since this information builds upon current understanding of the river system and is presented in terms
that are currently used by water managers, it can be
integrated into existing risk-management frameworks.

It is important to recognize that coping ranges
can change over time, either deliberately through
planned adaptation or unintentionally. In urban
areas, for example, communities may be able to
reduce heat-related health effects, and therefore
increase tolerance to heat waves, by introducing
such adaptive measures as issuing heat-health
alerts, improving access to air-conditioned areas
and increasing the use of “cool roofs”, which reduce
heat absorption by buildings (see ‘Human Health
and Well-Being’ chapter). In the river flow example
discussed above, adaptation options, such as adding
a dam, dredging the river or building levees, can
increase the upper critical threshold of river flow,
allowing riverside communities to tolerate higher
flow levels (reference 21; see also Box 3). Similarly,
introducing water conservation measures, such as
restrictions on outdoor water use and improved
water use and storage efficiency, may decrease
baseline demand for water.(28) Increasing coping
ranges represents a fundamental goal of adaptation.

Accounting for Adaptation
“It is meaningless to study the consequences of
climate change, without considering the ranges
of adaptive responses.” (29)
Although it is well recognized that appropriate
adaptation can reduce vulnerability, it is only recently
that attention has been dedicated to adaptation
research.(2) Adaptation research involves studying
the processes of adaptation, and requires addressing
three key questions:
1) What is being adapted to?
2) Who or what will adapt? and
3) How will adaptation occur?(30)
Addressing these questions requires effective collaboration with stakeholders, a strong understanding of
the system and region being studied, and knowledge
of potential adaptation options. Recent Canadian
examples of adaptation research include the work
of de Löe et al.,(28) who investigated criteria for
identifying appropriate adaptation options, and

Smit and Skinner,(31) who presented a typology of
adaptation options for agriculture. Another study
examined factors influencing adaptation decisions
at the municipal level (see Box 5).

BOX 5: Understanding barriers to adaptation at
the municipal level (32)
Researchers conducted interviews in six municipalities across the country to better understand the
barriers to climate change adaptation at the
municipal level. These interviews revealed that
financial constraints, attitudes of the public and
council members, and the nature of the municipal
political process were key factors influencing the
degree to which climate change was considerated
in infrastructure decisions. In general, a lack of
awareness of the importance of climate change
impacts was an often-cited barrier to adaptation.
To address these barriers, researchers suggested
providing municipal staff with detailed information
on potential climate change impacts on infrastructure. Improving relationships and communication
between scientific researchers and municipal staff
was also suggested, as were various ideas for
dealing with financial issues.

The adaptation literature also acknowledges the
difficulties involved in effectively accounting for
adaptation in vulnerability studies. There are many
different and interacting factors that influence
the response of humans and ecosystems to stress.
Evaluation of adaptation must extend beyond “Is
adaptation possible?” to also include “Is adaptation
probable?” In other words, are people both able and
willing to adapt? Additional research into the factors
that affect the feasibility, effectiveness, cost and
acceptability of adaptation options is recommended.(23)
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Scenarios
“Scenarios are one of the main tools for assessment
of future developments in complex systems that often
are inherently unpredictable, are insufficiently understood, and have high scientific uncertainties.” (17)
Scenarios play an important role in impacts and
adaptation research. As discussed in the previous
section, scenarios are the only tool available for
projecting future conditions, and future conditions
are a key factor influencing vulnerability. In addition
to changes in climate, changes in social, economic
and political conditions will strongly influence the
net impacts of climate change and our ability to adapt.
It is important to recognize that climate and socioeconomic scenarios are strongly interrelated, in that
future changes in global greenhouse gas emissions
will reflect evolving social and economic conditions.
This section provides a brief overview of the different
types of scenarios available to the impacts and
adaptation research community, while highlighting
recent developments and future directions.

What are Scenarios?
Scenarios are used to determine how conditions
may change in the future. A scenario can be
defined as “…a coherent, internally consistent
and plausible description of a possible future state
of the world.”(33) It is important to note that a scenario is not a prediction of the future, since use of
the term “prediction” or “forecast” implies that a
particular outcome is most likely to occur. Rather,
a scenario represents one of any number of possible
futures, which can be used to provide data for vulnerability, impacts and adaptation studies; to scope
the range of plausible futures; to guide and explore
the implications of adaptation and mitigation decisions; and to raise awareness of climate change
issues. They provide a range of possible futures
that allow consideration of the uncertainty relating
to the different pathways that exist for future social,
economic and environmental change.
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Leadership regarding the construction of climate
scenarios is provided by the IPCC Task Group on
Scenarios for Climate Impact Assessment (IPCCTGCIA). Much of the material presented here is
based on the IPCC-TGCIA General Guidelines on
the Use of Scenario Data for Climate Impact and
Adaptation Assessment,(34) as well as on the chapter
of the IPCC’s Third Assessment Report that examines
scenario development.(35)

Types of Scenarios
Global Climate Models
The most common and widely accepted method of
scenario construction involves the use of the output
of Global Climate Models (GCMs), also known as
General Circulation Models. GCMs are mathematical
representations of the large-scale physical processes
of the Earth-atmosphere-ocean system that provide
a complete and internally consistent view of future
climate change. Background information on GCMs
can be obtained from the Canadian Climate Impacts
Scenarios Web site (http://www.cics.uvic.ca/
scenarios/index.cgi).
The most recently developed GCMs contain a representation of the changes in atmospheric composition
on a year-by-year basis from about 1860 to 1990,
and are therefore able to simulate global-average
conditions over this time period with much more
reliability than earlier models. Recent GCMs are
also able to model the effects of sulphate aerosols,
which generally have a cooling effect on climate, as
well as the warming effects of increased greenhouse
gas concentrations. Overall, these newer models
tend to be more reliable than earlier ones, since
they incorporate more processes and feedbacks and
are usually of a higher spatial resolution.
Despite the improvements in GCM resolution and in
the representation of some of the climate processes
during the last few years, there remain limitations.
For example, GCM scenario development is very
time-consuming; running a single climate change
experiment with a GCM for a particular emissions
scenario takes several months to a year, depending
on the resolution and complexity of the model.

In addition, GCM output is still not at a fine enough
resolution to enable it to be used directly by most
impacts researchers. Therefore, GCM data are generally downscaled to produce gridded datasets of
higher spatial resolution. This downscaling requires
considerable time, and may introduce additional
sources of error and uncertainty. Developments are
currently under way, however, to improve model
resolution and better represent land-surface conditions. There are also a number of recent and ongoing
studies that focus on manipulating scenario data to
build datasets of projections for specific regions or
sectors in Canada (see Table 3). The results of these
studies will be useful for the impacts and adaptation
research community.

TABLE 3: Examples of recent and ongoing scenarios
research using GCMs (funded by Climate
Change Action Fund, Science Component)
Project title

Sector or region of focus

Development of climate
change scenarios for the
agricultural sector

Agriculture, major agricultural
regions of Canada

Transient climate change
scenarios for high-resolution
assessment of impacts on
Canada’s forest ecosystems

Forestry, across Canada

Climate change scenarios
for sockeye and coho
salmon stocks

Fisheries, Fraser River and
northeastern Pacific

Research using GCM-derived scenarios has been
ongoing for the past 15 or so years. Although early
impacts and adaptation research projects tended to
apply only one climate scenario, it is now recommended that multiple scenarios be used to better
represent the range of possible future climates.
Two recent examples of studies in Canada that
have used a range of climate change scenarios
focused on water management and climate change
in the Okanagan Basin,(36) and on conservation and
management options for maintaining island forests
within the prairie ecosystem.(37)
The IPCC-TGCIA established the IPCC Data Distribution
Centre (IPCC-DDC; http://ipcc-ddc.cru.uea.ac.uk)
in 1998 to facilitate access to GCM output and climate
change scenarios by the vulnerability, impacts and
adaptation research community. One limitation of
the IPCC-DDC is that it is only possible to access
the complete global fields for the GCM output
and climate change scenarios, which means that
researchers must be able to cope with and manipulate large volumes of data. This may be problematic
for some researchers.
In Canada, impacts and adaptation researchers are
able to access climate change scenarios through the
Canadian Climate Impacts Scenarios (CCIS) project
(http://www.cics.uvic.ca/scenarios). This project
provides climate change scenarios for Canada and
North America, as well as related information concerning the construction and application of climate
change scenarios in impacts studies (see Figure 2).

FIGURE 2: Example of some of the scenario-related information available to impacts researchers from the Canadian
Climate Impacts Scenarios (CCIS) Project.
Topics
Home
Scenarios
Resources
About us
Search
Feedback

Questions

Data File
Information

In what formats are the scenario data files available?
What are the units?
What are the data change fields?
How do I open the files in Excel?

Baseline
Conditions

What is a baseline climate?
Is the baseline modelled or observed and why?

Scenario
Construction
Notes

GCM Information
Table

How were these scenario data computed?
How were the change fields computed?
What time slices were used and why?

What are the differences between the global climate
models used?
Where can I find journal article references for each
of the global climate models?
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It is designed to assist climate change impacts
research in Canada by enabling the visualization
of the scenarios and providing access to data via
download from the project Web site. In addition,
the project provides scenario tools that help users
select which scenarios to use in their research
and enable them to construct scenarios with finer
spatial and temporal resolution than is currently
provided by the GCM-derived scenarios.

of a particular system (e.g., crops, streams) to a
range of climatic variations. A synthetic scenario is
constructed by adjusting a historical record for a
particular climate variable by an arbitrary amount
(e.g., increasing precipitation by 10%). Most studies
using synthetic scenarios tend to apply constant
changes throughout the year, although some have
introduced seasonal changes.
Analogue Scenarios

Regional Climate Models
Over the past 10 years, significant work has been
completed in the development of Regional Climate
Models (RCMs).(38) RCMs provide higher spatial
resolution data than GCMs by nesting the highresolution RCM within the coarse resolution GCM.
This means that RCMs are susceptible to any
systematic errors present in the GCM used.(39) An
advantage of RCMs is their ability to provide information that is more spatially detailed, and at a more
appropriate scale for climate impact studies.(40)
There is a high degree of interest among impacts and
adaptation researchers for data from RCMs. Canadian
researchers have access to a limited amount of RCM
data from the Canadian Regional Climate Model
(CRCM), through the Canadian Centre for Climate
Modelling and Analysis (CCCma). Output from
time-slice simulations (1975–1984, 2040–2049 and
2080–2089) is available on the CCCma Web site
(http://www.cccma.bc. ec.gc.ca/data/rcm/
rcm.shtml). The Ouranos Consortium, based in
Montréal, provides support for the development
of the CRCM and also runs climate simulations
at the geographic scales most often needed for
impacts and adaptation research.(41)
Regional climate models have been used in some
recent studies, including a Canadian study that
investigated the effect of climate change on fires in
the boreal forest.(42) As work continues to improve
the models and increase the availability of RCM
scenario data, use of these models in impacts and
adaptation research will likely increase.

Other Types of Climate Scenarios
Synthetic Scenarios
Synthetic scenarios, sometimes also called “arbitrary”
or “incremental” scenarios, are the simplest climate
change scenarios available. Their main use is in
sensitivity analysis: determination of the response
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Analogue scenarios make use of existing climate
information, either at the site in question (temporal
analogues) or from another location that currently
experiences a climate anticipated to resemble the
future climate of the site under study (spatial analogues). Temporal analogues may be constructed
from paleoclimate information derived from either
the geological record (e.g., from fossil flora and
fauna remains, sedimentary deposits, tree rings or
ice cores) or from the historical instrumental record.
Analogue scenarios have the advantage of representing conditions that have actually occurred, so we
know that they are physically plausible, and there
are generally data available for a number of climate
variables. Nevertheless, since the causes of changes
in the analogue climate are generally not triggered
by greenhouse gases, some have argued that these
types of scenarios are of limited value in quantitative
impact assessments of future climate change.(43)

Socio-economic Scenarios
Scenarios are also used to provide information on
projected changes in social and economic conditions.
Information concerning population and human
development, economic conditions, land cover and
land use, and energy consumption is included in
socio-economic scenarios.
To date, the main role of socio-economic scenarios
has been to provide GCMs with information about
future greenhouse gas and aerosol emissions. Future
levels of greenhouse gas and aerosol emissions
are clearly dependent on a wide range of factors,
including population growth, economic activity
and technology. The resulting range of possible
emissions futures is captured through a suite of
emissions scenarios. For its Third Assessment
Report,(44) the IPCC commissioned a Special Report
on Emissions Scenarios (SRES),(45) which describes
about 40 different emissions scenarios. Six of these
scenarios have been identified as “marker scenarios”

and are recommended for use by the climate modelling community. These emissions scenarios indicate
that the global-average temperature may increase
by 1.4–5.8°C by 2100.
More recently, socio-economic scenarios have also
been used to study the sensitivity, adaptive capacity
and vulnerability of social and economic systems in
relation to climate change.(17) There are, however,
a number of difficulties associated with this use of
socio-economic scenarios. For example, in addition
to the uncertainty in projections of future estimates
of population, energy use and economic activity,
estimates for many of these components are
generally only available for large regions and must
therefore be adjusted for assessments of smaller
geographic areas, thus compounding the uncertainty.
The IPCC Data Distribution Centre provides links to
the Center for International Earth Science Information
Network (CIESIN) at Columbia University in New York,
from which national-scale estimates of population
and gross domestic product (GDP) are available.
Other groups working on global-scale socio-economic
scenarios include the World Business Council for
Sustainable Development and the World Energy
Council. Within Canada, scenarios of socio-economic
variables, such as population projections, for future
time periods up to 2026 have been developed by
Statistics Canada.

Costing Climate Change
“There is some evidence and much speculation
on ways that climate change may affect climatesensitive sectors of an economy.” (46)
The Canadian economy is highly dependent on the
health and sustainability of our natural resource
industries, such as forestry, fisheries and agriculture,
and the reliability of our critical infrastructure,
including transportation and health care systems.
The availability and quality of our water resources
and the sustainability of the coastal zone are also
important to Canada’s economic well-being. As
illustrated throughout this report, climate change
will present new opportunities and challenges for
each of these sectors. This will lead to a range of
economic impacts, both negative and positive, and
new investments in adaptation will be required.

At present, it is difficult to derive quantitative
estimates of the potential costs of climate change
impacts.(18, 46, 47) Limitations are imposed by the
lack of agreement on preferred approaches and
assumptions, limited data availability, and a variety
of uncertainties relating to such things as future
changes in climate, social and economic conditions,
and the responses that will be made to address
those changes. Ongoing research is motivated by
the fact that a meaningful assessment of climate
change costs, both market and nonmarket, will
strongly influence both mitigation and adaptation
decisions. Indeed, the concepts and methods of
economics have been recognized as a principal
means of translating scientific research on climate
change into policies.(48)

Economic Impact Assessments
There have been several attempts to estimate the
potential costs of climate change on various economic
sectors at the national level in both the United States
and Canada (see Table 4). Since these studies employ
different approaches, make different assumptions
and operate on varying scales, direct comparisons
between countries or sectors is not possible. These
numbers do, however, illustrate the magnitude and
ranges of study results.
In general, assessing the economic impacts of climate
change involves estimating the value of direct and
indirect market and nonmarket impacts, the costs
of implementing adaptation options and the benefits
gained as a result of the adaptation. In this case,
direct impacts refer to those that occur in the region
itself, whereas indirect impacts are those that result
from the impacts of climate change on systems and
sectors in other regions. Market goods and services
have well-established ownership and are sold for
payment, whereas nonmarket goods and services
are not traded and are not subject to well-defined
property rights.(46) Some examples of impacts on
market goods include changes in food, forestry and
fisheries products, the water supply and insurance
costs. Impacts on nonmarket entities include
changes in ecosystems, loss of human life, impacts
on cultures and changes in political stability.(46) It
should also be noted that impacts on nonmarket
services often have consequences for market goods
and services.
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TABLE 4: Annual estimates of welfare changes due to climate change
Sector

Country

Climate change scenario

Annual welfare change estimate

Agriculture (49)

US (2060)

+1.5–5°C temperature and
+7–15% precipitation

+US$0.2–65 billion

Agriculture (50)

Canada (2100)

UIUC GCM

+US$19–49 billion

Forestry (51)

US (2140)

UKMO, OSU, GFDL-R30

+US$11–23 billion

Sea level rise (52)

US

Mean sea level rise of 33–67 cm

–US$895–2,988 billion

Hydroelectric power
generation (53)

US (2060)

+1.5°C and +7% precipitation

–US$2.75 billion

Abbreviatons: UIUC, University of Illinois at Urbana-Champaign; UKMO, United Kingdom Meteorological Office; OSU, Oregon State University;
GFDL, Geophysical Fluid Dynamics Laboratory

Considerable research has focused on determining
values of market and nonmarket goods. Valuation
is often based upon measures of the consumers’
willingness to either pay for a positive change or to
accept a negative change.(54) Although it is generally
easier to estimate the impacts on market goods than
on nonmarket entities, both present challenges. For
example, the value of nonmarket goods and services
is influenced by personal preferences, which tend
to change over time in an unpredictable manner.(47)
The value of market goods depends on changes in
supply and demand, which are influenced by many
different factors operating at local, regional, national
and international levels.
It has also been suggested that the likelihood of
undertaking adaptation will depend on whether the
impacts are on market or nonmarket goods and
services. Since people (as individuals or through
companies, households or institutions) have property
rights in market goods, climate change would affect
the value of their assets. This provides motivation
to undertake adaptations that would help to reduce
losses and increase the opportunity to capitalize on
potential opportunities.(46) It is in the interest of
households and firms to adapt, as they will see the
benefits of the adaptation directly.(55) In contrast,
there is a lack of market incentives and mechanisms
to adapt to the impacts of climate change on
nonmarket goods, as well as more uncertainty concerning who should be responsible for undertaking
the adaptation. These factors must be considered
when accounting for the role of adaptation in
economic impact studies.
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The possible costs of climate change have been
estimated in many different ways, and studies vary
greatly in their complexity and the amount of detail
considered. One approach is to examine historical
events or trends that are thought to be indicative
of future conditions. For example, some researchers
have focused on the economic costs of natural
disasters, using insurance claims and disaster databases to determine the costs of these events.(21, 56)
Others have examined the economic impacts of
past anomalous climate conditions, such as warmerthan-average winters or extremely hot summers. To
address sea level rise, studies have taken projections
of sea level rise (e.g., 0.5 metres by 2100) and calculated the property value that would be lost as a
result of inundation, flooding and/or erosion.(52, 57)
Limitations with these types of studies include their
focus on only one aspect of a changing climate, and
generally insufficient inclusion of both the costs
and benefits of adaptation.
A more comprehensive approach involves applying
a series of models, through integrated assessment,
to generate estimates of economic costs. Integrated
assessment involves combining “… results and models
from the biological, economic and social sciences,
and the interactions between these components,
in a consistent framework.”(14) This heavy reliance
on models and assumptions does, however, result
in cascading uncertainties.(58)

Specific Issues
Scale of Analysis
At present, most costing studies have focused on
modelling the impacts of climate change at the
national or international level (references 18, 46;
see also Table 4). This means that changes and
impacts are aggregated over large regions, so the
differential impacts of climate change on smaller
areas are often lost. Nor is such analysis consistent
with the fact that many adaptation decisions are
made at the regional or local level.(59) Regional
analysis of the economic consequences of climate
change is limited by the paucity of regional
economic data and the difficulties involved in
considering economic and biological interactions
between regions. Although research frameworks
have been developed to help address these concerns
(e.g., reference 46), there are few examples of these
being used to facilitate economic analyses at the
regional level.

Accounting for Adaptation
Many researchers have expressed concern over the
way that adaptation has been represented in costing
studies.(48, 60) Although it is recognized that adaptation has a pivotal role in reducing the costs of
climate change,(8) many studies pay little attention
to adaptation. Other studies incorporate simplified
assumptions regarding adaptation, by assuming that
adaptation either occurs optimally or not at all, and
do not include realistic estimates of the costs of
implementing adaptation measures,(47) despite the
fact that research indicates that the costs of adapting
to climate change in Canada would be significant
(see Table 5).
Another common concern with respect to the
inclusion of adaptation in costing studies is that
no distinction is drawn between anticipatory adaptation and autonomous adaptation, despite the fact
that there are generally economic advantages to
anticipatory adaptation. The distribution of adaptation costs and benefits has also received little
attention.(61) These factors reduce the reliability
of cost estimates.

Interactions between Regions and Sectors
There are strong interrelationships between domestic
and international economies. As a country that is

TABLE 5: Estimated costs for adapting selected infrastructure to a 5% increase in mean temperature
and a 10% increase in mean precipitation over
the present century (preliminary estimates from
reference 54).
Adaptation

Estimated cost

Constructing all-weather
roads (not on permafrost)

$85,000 per km plus
$65,000–$150,000 per bridge

Constructing all-weather
roads (on permafrost)

$500,000 per km

Replacing coastal bridges
to cope with sea level rise

$600,000 per bridge

Expanding wastewater
treatment capacity (Halifax)

$6.5 billion

Based on 2001 dollar values and costs

highly dependent on trade, Canada is sensitive to the
impacts of climate change transmitted through international markets. In other words, direct impacts of
climate change in other countries that affect the global
supply of or demand for goods would affect the
Canadian economy. At present, there is little research
that specifically examines positive or negative international market spillovers in Canada or elsewhere.
In addition, economic sectors are not isolated, and
both impacts and adaptation actions for one sector
would have implications for many others. Different
sectors share resources, or depend on others for
inputs.(53) For example, agriculture, recreation, hydroelectric power generation, and municipal and other
industrial users all share common water resources.
Increased conflict between these sectors would be
expected if climate change resulted in reduced
water availability (see ‘Water Resources’ chapter).

Value of Nonmarket Services
Although it is clearly recognized that the costs of
climate change are not only economic, it is extremely
difficult to assign values to nonmarket services,
such as ecosystem functions and cultural uses. For
example, the benefits of a wetland, including water
filtration, flood control and wildlife habitat, are difficult to quantify. Therefore, most costing studies
do not adequately account for nonmarket services.
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There is, however, growing awareness of the role of
ecosystems in economic health, stemming largely
from sustainable development initiatives. For example,
a recent report suggests that measures of Canada’s
wealth should include measures of forest and wetland cover.(62) Other initiatives have begun to assess
the economic value of wetlands to Canada(63) and
to address the nontimber (e.g., wildlife, biodiversity,
recreation) value of forests.(64) Such work, although
not conducted in the context of climate change, will
contribute to improving climate change costing studies.

Future Work
In the Third Assessment Report of the IPCC,
experts noted that little progress had been made
in costing and valuation methodologies between
1995 and 2001.(12) Therefore, much work is needed
to quantify the costs and benefits of climate change
for the economy; this remains a large research gap
from both a Canadian(47) and an international(65)
perspective. Some recommendations for future
work include:(46, 66, 67, 68, 69)
• increased consideration of community characteristics (e.g., socio-economic, political, cultural)
in costing studies, to provide policy-makers with
a better understanding of the regional impacts
of climate change;
• improved understanding and quantification of
the connections between sectors and regions;
• enhanced estimates for losses involving
nonmarket goods;
• incorporation of vulnerability and the process
of adaptation in the models;
• evaluation of the importance of extreme events
and climate variability; and
• examination of the role of adaptive capacity in
influencing the magnitude and nature of climate
change costs (of both impacts and adaptation).
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Conclusions
The study of climate change impacts and adaptation
requires integration of a wide range of disciplines,
including the physical, biological and social sciences,
and economics. Although integrating these disciplines
in the context of an uncertain future is challenging,
it is necessary in order to obtain results that help
individuals, communities, governments and industry
deal with climate change. Because climate change
will affect every region of Canada and directly or
indirectly influence virtually all activities, there is
a need to objectively define priorities for research.
A framework for establishing priorities lies in the
concept of vulnerability to climate change.
An initial assessment of vulnerability is possible
without detailed knowledge of future changes, based
on analysis of sensitivity to past climate variability
and the current capacity of the system to adapt to
changing conditions. In this manner, it is possible
to define coping ranges and critical thresholds.
Scenarios of climate and socio-economic changes
present a range of plausible futures that provide
a context for managing future risk. Uncertainty
regarding the nature of future climate change should
not be a basis for delaying adaptation to climate
change, but rather serve to focus on adaptation
measures that help to address current vulnerabilities
through expanding coping ranges and increasing
adaptive capacity.
Many fundamental decisions regarding both climate
change adaptation and mitigation will be influenced
by assessment of the costs (and benefits) of climate
change, recognizing that many significant social
and environmental impacts are difficult to quantify.
This is one area where relatively little progress has
been made over the past few years and that therefore remains a high research priority in the
immediate future.
Indeed, there remain many questions to be
addressed and much research to be conducted
in the field of climate change impacts and adaptation. The three themes discussed in this chapter
will be reflected in future work. For example,
the fourth assessment report of the IPCC will
include a strong focus on adaptation and increased
consideration of socio-economic impacts.(70, 71)
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Water Resources

U

nderstanding the vulnerability of Canada’s water resources to
climate change is vitally important. Water is one of Canada’s
greatest resources. We depend on the availability of a clean,

abundant water supply for domestic use; food, energy and industrial
production; transportation and recreation; and the maintenance of
natural ecosystems. It is estimated that water’s measurable contribution
to the Canadian economy reaches $7.5 to 23 billion per year.(1)
Canada has a relative abundance of water, possessing
9% of the world’s renewable freshwater, yet only
0.5% of the global population.(2) However, the water
is not evenly distributed across the country, and
water availability varies both between years and with
the changing seasons. As a result, most regions of
the country have experienced water-related problems,
such as shortages (droughts), excesses (floods) and
associated water quality issues. For example, the
drought of 2001 affected Canada from coast to coast
(Table 1), with significant economic and social
impacts. In the 1990s, severe flooding in the
Saguenay region of Quebec (1996) and Manitoba’s
Red River valley (1997) were two of the costliest
natural disasters in Canadian history.
In its Third Assessment Report, the Intergovernmental
Panel on Climate Change projects an increase in
globally averaged surface air temperatures of
1.4–5.8°C by 2100. Changes of this magnitude
would significantly impact water resources in
Canada.(4) Climatic variables, such as temperature
and precipitation, greatly influence the hydrological
cycle, and changes in these variables will affect
runoff and evaporation patterns, as well as the
amount of water stored in glaciers, snowpacks,
lakes, wetlands, soil moisture and groundwater.
However, there remains uncertainty as to the magnitude and, in some cases, the direction of these
changes. This is related to the difficulty that climate
models have in projecting future changes in regional
precipitation patterns and extreme events, and to
our incomplete understanding of hydroclimatic
processes.

TABLE 1: The 2001 drought across Canada (3)
Region

Conditions in 2001

British Columbia

• Driest winter on record, with precipitation half of historic average
across coast and southern interior
• Snowpacks in southern regions were
at or below historic low

Prairies

• Saskatoon was 30% drier than
110-year record
• Many areas experienced lowest
precipitation in historic record
• Parts of the Palliser Triangle
experienced second or third
consecutive drought

Great Lakes–
St. Lawrence
basin

• Driest summer in 54 years
• Southern Ontario (Windsor–
Kitchener) experienced the driest
8 weeks on record
• Montréal experienced driest April
on record and set summer record
with 35 consecutive days without
measurable precipitation

Atlantic

• Third driest summer on record
• Large regions experienced only
25% of normal rainfall in July, and
August was the driest on record
• July, with 5 mm of rain, was the
driest month ever recorded in
Charlottetown
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In addition to the expected shifts in hydrological
parameters, potential changes in the economic,
demographic and environmental factors that influence water resources must also be considered.
The response of water users, as well as water
management mechanisms, to climate change
will greatly influence the vulnerability of water
resources. Both the ability and the willingness
of society to undertake appropriate adaptive
measures are critically important.

The impacts of climate change on water resources
will vary across the country, due to regional differences in climate changes, hydrological characteristics,
water demand and management practices. Some of
the major potential impacts are listed in Table 2.
From this table, it is evident that the potential
impacts of extreme events, seasonal shifts in flow
regimes and reduced winter ice cover are key
issues for several regions of Canada.

TABLE 2: Potential impacts of climate change on water resources (derived from Figure 15-1 in reference 4)
Region

Potential changes

Associated concerns

Yukon and coastal
British Columbia

• Increased spring flood risks (BC), impacts on river
flows caused by glacier retreat and disappearance

• Reduced hydroelectric potential, ecological
impacts (including fisheries), damage to
infrastructure, water apportionment

Rocky Mountains

• Rise in winter snowline in winter-spring,
possible increase in snowfall, more frequent
rain-on-snow events

• Increased risk of flooding and avalanches

• Decrease in summer streamflow and other changes
in seasonal streamflow

• Ecological impacts, impacts on tourism
and recreation

• Changes in annual streamflow, possible large
declines in summer streamflow

• Implications for agriculture, hydroelectric generation, ecosystems and water apportionment

• Increased likelihood of severe drought,
increasing aridity in semiarid zones

• Losses in agricultural production, changes in
land use

• Increases or decreases in irrigation demand and
water availability

• Uncertain impacts on farm sector incomes,
groundwater, streamflow and water quality

• Possible precipitation increases, coupled with
increased evaporation leading to reduced runoff
and declines in lake levels

• Impacts on hydroelectric generation, shoreline
infrastructure, shipping and recreation

• Decreased lake-ice extent, including some years
without ice cover

• Ecological impacts, increased water loss
through evaporation and impacts on navigation

• Decreased amount and duration of snow cover

• Smaller spring floods, lower summer flows

• Changes in the magnitude and timing of ice
freeze-up and break-up

• Implications for spring flooding and
coastal erosion

• Possible large reductions in streamflow

• Ecological impacts, water apportionment
issues, hydroelectric potential

• Saline intrusion into coastal aquifers

• Loss of potable water and increased
water conflicts

• Thinner ice cover, 1- to 3-month increase in
ice-free season, increased extent of open water

• Ecological impacts, impacts on traditional
ways of life, improved navigation, changes
in viable road networks

• Increased variability in lake levels, complete drying
of some delta lakes

• Impacts on ecosystems and communities

Prairies

Great Lakes basin

Atlantic

Arctic and
Subarctic
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This chapter examines current research on these and
other issues, as well as recent progress in adaptation
research. Focus is placed on the impacts on water
supplies and demand, and on options to adapt to
these impacts. Many other aspects of water resources
related to transportation, health and fisheries are
addressed in other chapters of this report. While
significant uncertainty remains in projecting future
impacts, it does not limit our ability to take action
to reduce our vulnerability to climate change. By
understanding the range of possible impacts, as well
as the intricate role of societal response to changing
conditions, we will be better prepared to reduce
losses and capitalize on potential benefits.

Previous Work
“The sensitivity of a water resource system to climate
change is a function of several physical features and,
importantly, societal characteristics.” (5)
Numerous reports and workshops involving
researchers and stakeholders have identified water
resources as one of the highest priority issues with
respect to climate change impacts and adaptation
in Canada. This reflects both the climatic sensitivity
of the resource and the crosscutting nature of water
issues, where adaptation decisions in one sector
will have significant consequences in several other
sectors. Figure 1 illustrates some of these issues
as they relate to decreasing water levels in the
Great Lakes–St. Lawrence basin, and the impacts
on sectors such as transportation, fisheries,
agriculture and human health.

FIGURE 1: Water resources is a crosscutting issue
SAMPLE ISSUE

Lower water levels in the Great Lakes–St. Lawrence

SECTORS IMPACTED

Transportation

Tourism and
Recreation

Fisheries

Industry and
Energy

Agriculture

Municipalities

Health

POTENTIAL IMPACTS (examples)

Decreased depth
of navigation
channels,
stranded docks
and harbours

More beaches,
aesthetic issues,
less access to
marinas and
lake front

Loss of
species, loss
of habitat
(e.g., spawning
areas),
contamination

Less potential
for hydropower,
less water
for industrial
operations

Increased
water quality
problems and
water-use
restrictions

Less water
available for
irrigation
and farm
operations

Increased
illness from
water
contamination
and poorer
water quality

OVERALL RESULT

Supply-demand mismatches and issues of apportionment between:
• the different sectors
• different levels of government
• jurisdictions (e.g., provinces, Canada/US)
• economic uses and ecosystem needs
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In their summary of research as part of the Canada
Country Study, Hofmann et al.(6) stated that climate
change will have a range of impacts on both the
hydrological cycle and water uses. For the nation
as a whole, climate change will likely increase
precipitation, evaporation, water temperatures and
hydrological variability. These changes will combine to negatively impact water quality. Regional
projections include declining Great Lakes water
levels, decreasing soil moisture in southern Canada,
and a reduction of wetlands in the Prairies. Another
key concern is increased conflict between water
users due to increasing mismatches between supply
and demand.
Previous literature suggests infrastructure modification, management adjustment and development
of new water policies as methods of adaptation
in the water resources sector.(6) Uncertainties in
impact projections have led many authors to advocate the implementation of ‘no regrets’ adaptation
options. These measures would benefit Canadians,
irrespective of climate change, as they address
other environmental issues. The engagement of
stakeholders, including the general public, is critical to the development of effective adaptation
strategies. Perhaps most importantly, the literature
notes that water managers must be encouraged to
address climate change impacts in their long-term
planning activities.
Much of the research on water resources and climate
change has concentrated on the physical aspects of
the issue, particularly hydrological impacts,(7) and
less so on the economic and social aspects. This
imbalance and the resulting knowledge gaps have
been recognized in the literature, and in the reports
and proceedings of numerous workshops and similar
forums that have addressed climate change impacts
and adaptation in Canada.

Impacts on Water Supply
Quantity of Freshwater
As flow patterns and water levels respond to the
changing climate, our water supplies will be
affected. Diminishing surface-water and groundwater supplies, coupled with increasing demands
for these resources, would challenge all aspects of
water resource management.
It is difficult to predict future changes in the availability of freshwater. While there is confidence that
warmer temperatures will affect variables such as
evaporation and snow cover, uncertainties concerning the nature of regional changes in precipitation
patterns, as well as the complexity of natural
ecosystems, limit our ability to project hydrological
changes at the watershed scale. However, it is
reasonable to generalize that, for many regions
of Canada, climate change will likely result in
decreased summer flows, warmer summer water
temperatures and higher winter flows. This is
particularly true for the snowmelt-dominated
systems that are found across most of the country.(4)
Some of the most vulnerable regions of Canada
with respect to the impact of climate change on
water resources are those that are already under
stress, with demand approaching or exceeding
supply. This is most apparent in the driest regions
of the southern Prairies, commonly referred to as
the Palliser Triangle, where drought and severe
annual soil moisture deficits are recurrent problems.(8) Even Ontario, perceived to be an especially
water-rich province, suffers from frequent freshwater shortages,(9) and more than 17% of British
Columbia’s surface-water resources are at or near
their supply capacity for extractive uses.(10)
For much of western Canada, snowmelt and glacier
runoff from mountainous areas are primary sources
of water supply for downstream regions. With
warmer conditions, the seasonal and long-term
storage capacity of alpine areas may decrease, due to
thinner snowpacks, more rapid spring runoff, and
decreased snow and ice coverage.(11) This, in turn,
would result in lower summer river flows and
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therefore greater water shortages during the period
of peak demand. Recent trends observed on the eastern slopes of the Canadian Rocky Mountains suggest
that the impacts of diminishing glacier cover on
downstream flows are already being felt (see Box 1).
Across southern Canada, annual mean streamflow
has decreased significantly over the last 30–50 years,
with the greatest decrease observed during August
and September.(12) Continued decreases are projected
to occur as a result of climate change.

BOX 1: Diminishing flows in Prairie rivers (13)
Glacial meltwater is a key source of water for rivers
in western and northern Canada. Along the eastern
slopes of the Canadian Rocky Mountains, glacier
cover has decreased rapidly in recent years, and total
cover is now approaching the lowest experienced in
the past 10 000 years. As the glacial cover has
decreased, so have the downstream flow volumes.
This finding appears to contradict projections of the
Intergovernmental Panel on Climate Change that
warmer temperatures will cause glacial contributions
to downstream flow regimes to increase in the short
term. However, historical stream flow data indicate
that this increased flow phase has already passed,
and that the basins have entered a potentially longterm trend of declining flows. The continuation of
this trend would exacerbate water shortages that are
already apparent across many areas of Alberta and
Saskatchewan owing to drought.

Photo courtesy of Mike Demuth

Peyto Glacier

The Great Lakes basin is another region where
there are significant concerns over the impact of
climate change on water resources. More than
40 million people live within the basin, most of
whom depend on the lakes for their water supply.(14)
Many studies have suggested that climate change
will result in lower water levels for the Great Lakes,
with consequences for municipal water supplies,
navigation, hydroelectric power generation, recreation and natural ecosystems.
Although summer stream flows are generally
expected to decline, many researchers project a
corresponding increase in winter flows. This is
because warmer winters would increase the frequency of mid-winter thaws and rain-on-snow
events, a trend that is already evident on the upper
Saint John River.(15) This, in turn, would increase
the risk of winter flooding in many regions as a
result of high flows and severe ice jams.(16) For
example, on the Grand River of southern Ontario,
researchers project that warmer temperatures and
increased precipitation will extend the risk of
severe flooding to the months of January and
February.(17) However, since snow accumulation
will likely be reduced by frequent, small melt
events throughout the winter, the magnitude of
spring flooding will likely decline. Similar patterns
are anticipated for snowmelt-dominated rivers
across much of southern Canada.
Climate change affects not only the quantity of
surface water but also that of groundwater. Every
region of Canada is reliant, to some degree, on
groundwater. For example, the entire population
of Prince Edward Island relies on groundwater for
potable water, while approximately 90% of the rural
population in Ontario, Manitoba and Saskatchewan
depend on groundwater resources.(18, 19) Despite
groundwater’s importance, recharge rates for
groundwater across the country are virtually
unknown, groundwater dynamics are poorly
understood,(20) and research on the impacts of
climate change remains limited.(6)
The depth and nature of groundwater affects
its sensitivity to climate change. In general, shallow
unconfined aquifers will be impacted most significantly. This is clearly demonstrated by historic
variability, in which shallow wells in many parts
of Canada run dry during drought periods. In many
regions, unfortunately, these shallow aquifers also
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contain the highest quality groundwater and are a
critical source of potable water and water for livestock. Although deeper aquifers are less sensitive
to the direct impacts of climate change, the failure of
shallow aquifers could encourage their exploitation.
These deep aquifers can take decades to recover
from pumping, due to slow recharge rates.(20)
Local factors, such as the permeability of the
material (e.g., soil, rock) above the aquifer, and
the timing of precipitation, strongly affect the rate
of groundwater recharge and therefore sensitivity
to climate change.(18) An increase in winter precipitation is expected to benefit groundwater levels
more than an increase in summer precipitation.
This is because snowmelt tends to recharge
groundwater, whereas summer precipitation is
primarily lost through evapotranspiration.(20)

Quality of Freshwater

During low flow events, increased concentrations of
toxins, bacterial contaminants and nuisance algae
are common. For example, when flow dropped in
the St. Lawrence and Ottawa rivers, noxious odours
became a problem due to an increase in a particular
type of phytoplankton.(24) Heavy flow events have
been shown to increase soil erosion and chemical
leaching, whereas intense rainfalls increase the risk
of runoff of urban and livestock wastes and nutrients
into source water systems.(25)

BOX 2: Main water quality concerns across Canada(21)
Region

Water quality concern

Atlantic

• Saltwater intrusion in
groundwater aquifers
• Water-borne health effects
from increased flooding

Quebec

• Upstream shift in saltwater
boundary in the Gulf of
St. Lawrence
• Water-borne health effects
from increased flooding and
sewer overflow

Ontario

• Degradation of stream habitat
• Water-borne health effects
• Volatilization of toxic chemicals

Prairies

• Summer taste/odour problems
in municipal water supply
• Stream habitat deterioration

British Columbia

• Saltwater intrusion due to rise
in sea level and increased
water demands
• Water-borne health effects
from increased floods
• Increased water turbidity from
increased landslides and
surface erosion

Arctic and
the North

• Rupture of drinking water
and sewage lines from
permafrost degradation
• Rupture of sewage storage
tanks from permafrost
degradation, and seepage
from sewage storage lagoons
• Increased turbidity and sediment loads in drinking water

Water quality would suffer from the projected
impacts of climate change. Poor water quality
effectively diminishes the availability of potable
water, and increases the costs associated with
rendering water suitable for use.
Changes in water quantity and water quality are
inextricably linked. Lower water levels tend to lead
to higher pollutant concentrations, whereas high
flow events and flooding increase turbidity and the
flushing of contaminants into the water system.
Box 2 lists some of the main water quality concerns
facing different regions of the country.
Warmer air temperatures would result in increased
surface-water temperatures, decreased duration of
ice cover and, in some cases, lower water levels.
These changes may contribute to decreased concentrations of dissolved oxygen, higher concentrations
of nutrients such as phosphorus, and summer taste
and odour problems (e.g., references 22, 23).
River flows are expected to become more variable
in the future, with more flash floods and lower
minimum flows. Both types of hydrological extreme
have been shown to negatively affect water quality.
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Climate change may also affect the quality of groundwater. For example, reduced rates of groundwater
recharge, flow and discharge may increase the
concentrations of contaminants in groundwater.
Saltwater intrusion into groundwater aquifers in
coastal regions is another concern, although
Canadian research on this topic is limited.(26) In
southern Manitoba, future changes in precipitation
and temperature may cause groundwater levels in
some parts of the Red River basin to decline faster
than others.(27) These changes would affect the
flow in the aquifer, and possibly shift the salinefreshwater boundary beneath the Red River valley,
so that the groundwater in some areas may no
longer be drinkable.(27)

Ecological Impacts
“Water is also a critical, limiting factor in the existence
and distribution of our natural ecosystems.” (6)
Wetlands, important natural modifiers of water
quality, are highly sensitive to climate change.(28)
As water flows through a wetland, contaminants
such as metals, nutrients and sulphates are often
filtered out. Lower water table levels, however,
decrease the assimilative and purification abilities
of wetlands. Drier conditions have also been associated with acid pulses (which can cause fish
kills) and the formation of highly toxic methylmercury.(29, 30) In the Canadian Prairies, wetlands
(sloughs) are of tremendous hydrological importance,
and provide vital habitat for birds and aquatic
species. The persistence of these wetlands depends
on a complex interaction between climate, geology
and land use patterns, and their extent is controlled
by the balance between water inputs and outputs.(31)
The greatest impact of future climate change on
Prairie wetland coverage would result from changes
in winter snowfall, whereas changes in evaporation
would have a smaller impact.(31) Coastal wetlands of
the Great Lakes are likely to suffer from decreased
lake water levels and from shifts in surface-water
and groundwater flow patterns.(32)
River ecosystems are also an important component
of the Canadian landscape. Their sensitivity to
climate change is influenced by the characteristics

of the river and its location. Northern rivers may be
impacted by permafrost degradation and changes in
flood regimes.(33) Ice-jam flooding is a key dynamic
of the Peace–Athabasca Delta in northern Alberta,
particularly for rejuvenation of riverside ecosystems.
A decrease in ice-jam flooding due to climate change
would significantly impact this ecologically sensitive
region.(34) In southern Canada, seasonal shifts in
flow regimes projected for rivers could have major
ecological impacts, including loss of habitat, species
extinction, and increased water contamination.
Drainage basins containing large lakes or glaciers
are generally less sensitive to changes in climate,
at least in the short term, as these features help
buffer the impacts of climate change.
Forests cover almost half of Canada’s landmass and
are important regulators of the hydrological cycle.
Changes in forest extent and distribution, due to climate change or other factors, impact the storage and
flow of water. An increase in forest disturbances,
such as fires and insect defoliation, would also affect
the ability of the forest to store and filter water. The
impacts of climate change on forest ecosystems are
covered in greater detail in the forestry chapter.

Water Demand
“The consequences of climate change for water
resources depend not only on possible changes in
the resource base (supply)…but also on changes
in the demand, both human and environmental,
for that resource.” (5)
Future water demand will be affected by many
factors, including population growth, wealth and
distribution. Globally, it is estimated that between
half a billion and almost two billion people are
already under high water stress, and this number
is expected to increase significantly by 2025, due
primarily to population growth and increasing
wealth.(35) Warmer temperatures and drier conditions due to climate change would further increase
future water demand in many regions.
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Where climate change is associated with increased
aridity, it would directly affect water demand with
respect to agricultural and domestic uses. For example, outdoor domestic water uses (e.g., gardening
and lawn watering) and drinking-water demand
tend to increase in warmer, drier conditions. In
some cases, technological and management changes
may sufficiently increase water use efficiency to
address the increased demand. Management
changes that work to reduce the demand for water
will also be important. Warming of surface waters
would have a direct impact on industrial operations
by decreasing the efficiency of cooling systems,
which could in turn reduce plant outputs.(36)
Another major demand on water resources is
hydroelectric power generation, which fulfills
approximately two-thirds of Canada’s electricity
requirements.(2) Studies suggest that the potential
for hydroelectric generation will likely rise in
northern regions and decrease in the south, due
to projected changes in annual runoff volume.(37)
For example, lower water levels are expected to
cause reductions in hydro generation in the Great
Lakes basin.(14) An increase in annual flows,
however, will not always lead to increased hydro
production. Increases in storms, floods and sediment
loading could all compromise energy generation.
In western Canada, changes in precipitation and
reduced glacier cover in the mountains will affect
downstream summer flows and associated hydroelectric operations.(13) Moreover, changes in the ice
regimes of regulated rivers will likely present the
hydro industry with both opportunities, in terms
of shorter ice seasons, and challenges, from more
frequent midwinter break-ups.(16)
The seasonality of the projected changes, with
respect to both the availability of and demands for
water resources, is another important factor. For
example, during the summer months, lower flow
levels are projected to reduce hydroelectric generation potential, while more frequent and intense heat
waves are expected to increase air-conditioner usage
and therefore electricity demand. Demand for hydroelectric power exports is also likely to increase in the
summer, due to increased summer cooling needs.
Increased demand in any or all of these sectors
would increase the conflict between alternative water
uses, including in-stream needs to retain ecosystem
sustainability. Improvements in water use efficiency
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may be required to prevent the extinction of some
aquatic species and the degradation of wetlands,
rivers, deltas and estuaries.(38)

Adaptation in the
Water Resources Sector
“Water managers are beginning to consider
adapting to climate change…[however], the
extent of adaptation by many water managers
is uncertain.” (5)
Several studies indicate that managers are
generally complacent toward the impacts of climate
change.(36, 39) In a survey of American water
resource stakeholder organizations, no groups
indicated the intention to conduct future work
regarding climate change, and all ranked the level
of attention given to climate change as low.(40) This
may be because managers generally believe that
the tools currently used to deal with risk and
uncertainty will be sufficient for dealing with any
increased variability induced by climate change.

BOX 3: Commonly recommended adaptation options(21)
The most frequently recommended adaptation
options for the water resources sector include:
• Water conservation measures;
• Improved planning and preparedness for
droughts and severe floods;
• Improved water quality protection from cultural,
industrial and human wastes;
• Enhanced monitoring efforts; and
• Improved procedures for equitable allocation
of water.
Each of these recommendations would be considered
a ‘no-regrets’ option that would benefit Canadians
irrespective of climate change impacts.

Another important factor could be the lack of
standards for incorporating climate change into
design decisions. The reactive, rather than proactive,
nature of water management may also play a role.
There are, however, exceptions to these general
trends. For example, water managers in the Grand
River basin of southwestern Ontario have begun
to develop contingency plans for future droughts,(41)
and a series of workshops has been held to evaluate
decision analysis methods for dealing with shifting
Lake Erie water levels under climate change.(42)
These initiatives contradict the often-cited opinion
that climate change will have minimal influence on
water management operations until there is better
information regarding the timing and nature of the
projected changes. Researchers point out that the
scientific uncertainty associated with climate change
is not very different than the other sources of uncertainty that water managers are trained to consider,
such as population growth and economic activity.(43)
Therefore, uncertainty should not preclude the
inclusion of climate change as part of an integrated
risk management strategy.

of the coin is the fact that water infrastructure
improves the flexibility of management operations,
and increases a system’s capacity to buffer the
effects of hydrological variability.(5) In the Peace
River, for example, stream regulation will allow
operators to potentially offset the effects of climate
change on freeze-up dates by reducing winter
releases.(44) Similarly, communities in the southern
Prairies can use small-scale water infrastructure to
increase water storage through snow management,
and reduce regional vulnerability to drought.(45)
Most existing water management plans, as well
as water-supply and -drainage systems, are based
upon historic climatic and hydrological records,
and assume that the future will resemble the past.
Although these systems should be sufficient to
handle most changes in mean conditions associated
with climate change over the next couple of decades,
management problems are likely to arise if there is
an increase in climate variability and the occurrence
of extreme events. Case studies in Ontario indicate
that increases in the intensity of precipitation events
have the potential to increase future drainage infrastructure costs and decrease the level of service
provided by existing systems (Box 4).

Structural Adaptations
In contemplating structural adaptations, one should
consider whether the system will be capable of
dealing with the projected hydrological changes,
as well as the economic, social and ecological costs
of the adaptation.
Physical infrastructure, such as dams, weirs and
drainage canals, has traditionally served as one
of the most important adaptations for water
management in Canada. There are conflicting
opinions, however, on the potential of building
new structures for climate change adaptation.
Given the substantive environmental, economic
and social costs associated with these structures,
many experts advocate avoiding or postponing the
construction of large-scale infrastructure until there
is greater certainty regarding the magnitude of
expected hydrological changes. On the other side

BOX 4: How vulnerable is our infrastructure? (46)
Since the majority of urban water drainage
systems are designed based upon historical
climate records, a change in precipitation patterns
may cause these systems to fail. More intense
precipitation events are expected to decrease the
level of service that existing drains, sewers and
culverts provide, and increase future drainage
infrastructure costs. While making the necessary
changes (e.g., increasing pipe sizes) would be
expensive, the overall costs are expected to be
lower than the losses that would result from not
adapting. For example, insufficient pipe sizes
would lead to an increase in sewer backups, basement flooding and associated health problems.
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Several studies suggest that the design of water
management systems should focus on thresholds,
such as the point at which the storage capacity of a
reservoir is exceeded, rather than mean conditions
(e.g., references 47, 48). Thresholds can induce
nonlinear and therefore less predictable responses
to climatic change, which would significantly stress
the adaptive capacity of water resource systems.(43)
In many cases, modification of existing infrastructure
operations, rather than the introduction of new
structures, will be an effective adaptation option.(49)
For example, models indicate that the Grand River
basin will be able to adapt to all but the most severe
climate change scenarios through modifications in
operating procedures and increases in reservoir
capacity.(50) A drainage infrastructure study of North
Vancouver suggests that the system can be adapted
to more intense rainfall events by gradually upgrading key sections of pipe during routine, scheduled
infrastructure maintenance.(51) Adaptations such as
these can be incorporated into long-term water
management planning.

Institutional Adaptations
and Considerations
“The ability to adapt to climate variability and
climate change is affected by a range of institutional,
technological, and cultural features at the international, national, regional, and local levels, in
addition to specific dimensions of the change
being experienced.” (5)
Demand management involves reducing water
demands through water conservation initiatives
and improved water use efficiency. Demand management is considered to be an effective, and
environmentally and economically sustainable,
adaptation option. As a result, programs based
on water conservation and full water costing are
being increasingly used in the municipal sector. In
the Grand River basin, for example, municipalities
have begun to develop programs to make water
use, storage and distribution more efficient. At
the same time, however, many municipalities are
unable to adopt demand management programs
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due to insufficient legal or institutional provisions.(41)
The lack of public awareness of the need for water
conservation and avoidance of wasteful practices is
also an obstacle. Some other factors that affect a
community’s ability to adapt are outlined in Box 5.
Community water conservation initiatives can be

BOX 5: What affects a community’s capacity
to adapt? (52)
In a study of the Upper Credit River watershed in
southern Ontario, the following were identified as
important factors in determining a community’s
capacity to adapt to climate change:
• stakeholders’ perceptions and awareness of
the issues involved;
• level and quality of communication and
coordination between stakeholders and
water managers;
• level of public involvement in watermanagement decision making and
adaptation implementation;
• quality and accessibility of resources
(e.g., sufficient financial resources, adequately
trained staff and access to high-quality data);
and
• socio-economic composition (more affluent
communities can dedicate more money to
adaptation).
Some of these factors could be enhanced through
such mechanisms as public information sessions
and increased networking, whereas others, such
as socio-economic structure, can be significant
barriers to adaptation.

extremely successful at reducing water demands and
minimizing the impacts of climate change on regional
water supplies.(53) In a study of 65 Canadian municipalities, 63 were found to have already undertaken
water conservation initiatives.(54) Similarly, most

rural property owners surveyed in Ontario had
practiced some form of water conservation, such as
shortening shower times and reducing water waste
in homes.(9) Factors that influenced the adoption of
conservation methods included program awareness
and participation, level of formal education, and
anticipation of future water shortages. A successful
community approach to water management problems was documented for North Pender Island,
British Columbia.(55) Water management on the
island is the responsibility of five elected trustees
who oversee the water use act, which specifies volume allocations per household and the acceptable
and unacceptable uses of the community’s water
supply. Failure to comply with the water act results
first in warnings, then potential disconnection from
the town’s water supply.
The institutional capacity of the community or
system is key in implementing effective adaptation.
In Canada, introducing adaptation measures can
be challenging, simply due to the fact that many
different levels of government administer water
management activities. Even within one level of
government, several separate agencies are often
involved in water legislation.(46) Clear definition
of the roles and responsibilities of each agency
involved is an important first step in building
adaptive capacity,(52) as is the development of
mechanisms to foster interagency collaboration
(e.g., the Canadian Framework for Collaboration
on Groundwater). Another key requirement is the
willingness of the water management agencies to
provide appropriate assistance to communities in
support of adaptation implementation.(52) The community’s perceptions of the different adaptation
options are also important (Box 6).
Although institutional changes represent an important
adaptation option in water resource management, it
must be recognized that some current legislation may
also present barriers to future adaptation. For example,
the Niagara River Treaty may restrict the ability of
power utilities to adapt to low flow conditions, as the
treaty apportions water for hydroelectric power generation and the preservation of Niagara Falls scenery.(43)
Another example is the Boundary Waters Treaty of
1909, which determines the priority of interests in the
Great Lakes (e.g., domestic and sanitary purposes
first, then navigation, and then power and irrigation)

and does not recognize environmental, recreational
or riparian property interests.(43) However, the Great
Lakes Water Quality Agreement, signed in 1978, does
strive to protect physical, chemical and biological
integrity in the Great Lakes basin.(14)
Economics, pricing and markets are fundamental
mechanisms for balancing supply and demand. In the
future, water demands may be increasingly controlled
through pricing mechanisms, as has been seen in the
Grand River basin over recent years.(57) Although
increasing the cost of water would act as an incentive
to limit use, there are still many issues that need to
be addressed, including an improved understanding
of the environmental justice and equity consequences
of water pricing.(39)

BOX 6: Perceptions of adaptation options (56)
Focus group interviews in the Okanagan Valley
revealed that structural changes (e.g., dams) and
social measures (e.g., buying out water licences)
were adaptation options preferred by these small
groups to address water shortages in that region.
Structural adaptations designed to intervene and
prevent the impacts of climate change, such as
dams and snow making, were especially favoured.
The focus groups were also able to identify the
implications of different adaptation choices
(e.g., the high economic and environmental costs
of dams). Overall, the interview process revealed
a strong stakeholder interest in climate change
adaptation and the need for continuing dialogue.

Photo courtesy of Wendy Avis
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Diminishing water supplies are expected to increase
competition and conflict over water and increase
its value.(41) Resolving these issues may sometimes
involve changing current policies and legislation.
At present, most water laws do not take climate
change into account, and would therefore be challenged by the projected impacts on water resources.
For example, transboundary water agreements may
require updating and careful consideration must
be given to potential changes in flow regimes and
levels.(58) Water transfers, which are becoming
increasingly important mechanisms for water management in some parts of the world, often generate
new problems of their own. For example, the transfer
of water between two parties often impacts a third,
uninvolved party, such as a downstream water user.
Policy mechanisms capable of taking these third
parties into account are necessary.
Within the Great Lakes basin, significant supplydemand mismatches and water apportionment
issues are expected under most climate change
scenarios.(59) Although the traditional cooperation
between legal groups involved in such conflicts
has been impressive, there is no fully consistent
approach to water law and policy, and the historic
success would likely to be challenged by the impacts
of climate change.(60) International laws must also
evolve to avoid future conflict, as few of them allow
for the possible impacts of climate change.

Knowledge Gaps and
Research Needs
Although progress has been made over the past
five years, many of the research needs identified
within the Canada Country Study with respect to
the potential impacts of climate change on water
resources remain valid. For example, continued
improvements are required in the understanding and
modelling of hydrological processes at local to global
scales, such as the role of the El Niño–Southern
Oscillation (ENSO) in controlling hydrological variability. From a regional perspective, studies based
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in the Atlantic Provinces, eastern Arctic, and highelevation mountainous regions are still lacking. The
same applies to studies of groundwater resources
across most of the country, as emphasized in a
recent synthesis for the Canadian Prairies.(20)
A primary goal of impacts and adaptation research
is to reduce vulnerability to climate change and,
as such, there is a need for studies that focus on
the regions and systems considered to be most
vulnerable. In Canada, this includes areas presently
under water stress, such as the Prairies, the interior
of British Columbia, the Great Lakes–St. Lawrence
basin and parts of Atlantic Canada, as well as
regions where climate change impacts on water
resources may have large ramifications for existing
or planned activities. In some cases, studies may
have to initially address fundamental knowledge
gaps with respect to either processes or data
(e.g., the paucity of data on groundwater use
in most areas) before meaningful analyses of
adaptation options can be undertaken.
Needs identified within the recent literature cited in
this chapter include the following:

Impacts
1) Research on the interactive effects between
climate change impacts and other stresses,
such as land use change and population growth
2) Improved understanding of the economic and
social impacts of climate change with respect
to water resources
3) Improved access to, and monitoring of,
socio-economic and hydrological data
4) More integrative studies, which look at the
ecological controls and human influence on
the vulnerability of water to climate change
5) Studies that focus on understanding and
defining critical thresholds in water resource
systems, rather than on the impacts of changes
in mean conditions

6) Research on the vulnerability of groundwater
to climate change and improved groundwater
monitoring
7) Research on the impacts of climate change on
water uses, such as navigation, recreation/
tourism, drinking-water supplies, hydroelectric
power generation and industry, as well as
on ecological integrity
8) Studies that address the impacts of climate
change on water quality

Adaptation
1) Integrative studies of water resources planning,
which address the role and influence of water
managers on adaptive capacity
2) Understanding of the current capacity of water
management structures and institutions to deal
with projected climate change, and the social,
economic and environmental costs and benefits
of future adaptations
3) With respect to adaptation via water pricing and
policy/legislation, better understanding of the
environmental justice and equity consequences,
and mechanisms to assess the impacts of water
transfers on third parties

Conclusion
Future changes in climate of the magnitude projected
by most global climate models would impact our
water resources, and subsequently affect food supply,
health, industry, transportation and ecosystem
sustainability. Problems are most likely to arise
where the resource is already under stress, because
that stress would be exacerbated by changes in
supply or demand associated with climate change.
Particular emphasis needs to be placed on the
impacts of extreme events (drought and flooding),
which are projected to become more frequent and
of greater magnitude in many parts of the country.
These extreme events would place stress on existing
infrastructure and institutions, with potentially major
economic, social and environmental consequences.
A relatively high degree of uncertainty will likely
always exist regarding projections of climate and
hydrological change at the local management scale.
Focus must therefore be placed on climate change
in the context of risk management and vulnerability
assessment. The complex interactions between the
numerous factors that influence water supply and
demand, as well as the many activities dependent
upon water resources, highlight the need for integrative studies that look at both the environmental
and human controls on water. Involvement of
physical and social scientists, water managers and
other stakeholders is critical to the development of
appropriate and sustainable adaptation strategies.
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Agriculture

“A

griculture is inherently sensitive to climate… Without
adaptation, climate change is generally problematic for
agricultural production and for agricultural economies

and communities; but with adaptation, vulnerability can be reduced…”(1)

In 1998, the Canadian agriculture and agri-food
industry generated approximately $95 billion
in domestic revenue, and was the third largest
employer in the country.(2, 3) Canada’s agri-food
exports in 2000 were valued at $23.4 billion,
accounting for 6.1% of total merchandise
exports.(3) Farming operations are spread across
Canada, with the greatest area of farmland located
in the Prairie Provinces (Table 1). Cattle and dairy
farms account for the highest amounts of farm cash

receipts, although wheat, canola, and other cereals
and oilseeds are also important contributors.(4)
Although agriculture is a vital component of the
Canadian economy, only a small percentage of
our country is actually farmed. Due to limitations
imposed primarily by climate and soils, just 7%
of Canada’s landmass is used for agricultural purposes.(5) Climate is also a strong control on the
variation in year-to-year production. For example,
the drought that plagued much of Canada during

TABLE 1: Distribution of farms across Canada(4)
Region

No. of farms*

Canada

Total area of farms (ha)

Main types of farm

230 540

67 502 446

519

40 578

Prince Edward Island

1 739

261 482

Cattle (beef), field crop

Nova Scotia

3 318

407 046

Misc. specialty, fruit

New Brunswick

2 563

388 053

Cattle (beef), misc. specialty

Quebec

30 539

3 417 026

Cattle (dairy), misc. specialty

Ontario

55 092

5 466 233

Cattle (beef), grain and oilseed

Manitoba

19 818

7 601 772

Cattle (beef), grain and oilseed

Saskatchewan

48 990

26 265 645

Wheat, grain and oilseed

Alberta

50 580

21 067 486

Cattle (beef), grain and oilseed

British Columbia

17 382

2 587 118

Newfoundland
and Labrador

Cattle (beef), grain and oilseed

Misc. specialty, vegetable

Misc. specialty, cattle (beef)

* with receipts over $2,499
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2001 seriously impacted farm operations. Water
shortages and heat stress in some regions of
Saskatchewan and Alberta have significantly lowered crop yields and threatened the availability of
feed and water for livestock.(6) Some other impacts
of the 2001 drought are listed in Table 2. In certain
areas of the Prairies, 2001 was part of a multiyear
drought that extended into the summer of 2002.
Many believe that the consequences of the 2001
drought may be indicative of what the agriculture
sector in Canada can expect more frequently in the
future. Climate change could lead to more extreme

TABLE 2: Impacts of the 2001 drought on agriculture(6, 7)
Region

Impacts

British Columbia

• Losses in vegetable crops
• Negative effects on forage crops,
especially in northern Okanagan

Prairies

• Wheat and canola production down
43% from 2000
• Impact of decreased grain
production estimated at $5 billion
• Water for irrigation in spring
rationed in Alberta for first time
• In Manitoba, increased disease
problems in canola, barley and wheat

Great Lakes–
St. Lawrence

• Most crops in Ontario impacted
by dry weather and heat
• Increased stress from disease,
insects and hail
• Record numbers of certain insects
in Quebec

Atlantic

• Potato harvest in P.E.I. down 35–45%
• Fruit (e.g., blueberries, strawberries)
and other vegetable (e.g., beans)
crops impacted by drought stress
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weather conditions, increases in pest problems,
and severe water shortages. On the other hand,
a warmer climate and longer growing season
could benefit many aspects of Canadian agriculture. In general, experts agree that future climate
changes of the magnitude projected by the
Intergovernmental Panel on Climate Change(8)
would result in both advantages and disadvantages
for the agricultural sector in Canada, and that the
impacts would vary on a regional basis.
A key factor in determining the magnitude of climate change impacts on agriculture is adaptation.
Appropriate adaptations would allow agriculture
to minimize losses by reducing negative impacts,
and maximize profits through capitalizing on the
benefits. There are many different adaptation
options available to the agricultural sector, which
vary greatly in their application and approach.
Selecting and implementing adaptation strategies
will require consideration of the physical, socioeconomic and political influences on agriculture,
as well as the contributing roles of producers,
industry and government. It is also necessary to
recognize that climate change is just one of many
challenges facing the agricultural sector, and that
it may not be considered a short-term priority in
decision making.
This chapter examines recent research on climate
change impacts and adaptation in the Canadian
agricultural sector, focusing on primary production
and the vulnerability of agriculture at the farm
level. The potential impacts of climate change on
the agri-food industry and possible adaptation
options, although extremely important, are not
addressed comprehensively, as these topics remain
poorly investigated and only limited published
information is available.

Previous Work
“Global climatic changes will in all likelihood result
in both positive and negative impacts on Canadian

and assessing their feasibility. These studies were
mainly technical in nature, and did not consider
economic practicalities or the capacity of producers
to undertake the adaptation. To address this,
Brklacich et al.(9) recommended increasing the farming community’s involvement in adaptation research.

agriculture.”(9)
In their summary of Canadian research as part of
the Canada Country Study, Brklacich et al.(9) stated
that climate change will have a wide range of impacts
on agriculture in Canada. Most regions of the country
are expected to experience warmer conditions, longer
frost-free seasons and increased evapotranspiration.
The actual impacts of these changes on agricultural
operations, however, will vary depending on factors
such as precipitation changes, soil conditions and
land use. In general, northern agricultural regions
are expected to benefit most from longer and warmer
frost-free seasons. Some northern locations (e.g.,
Peace River region of Alberta and British Columbia,
and parts of northern Ontario and Quebec) may also
experience new opportunities for cultivation, although
the benefits will likely be restricted to areas south of
latitude 60°N for the next several decades. Poor soil
conditions will be a major factor limiting the northward expansion of agricultural crops. In southern
Ontario and Quebec, warmer conditions may increase
the potential for the growth of specialty crops, such
as apples.
In many cases, the positive and negative impacts
of climate change would tend to offset each other.
For instance, the positive impacts of warmer temperatures and enhanced CO2 on crop growth are expected
to largely offset the negative impacts of increased
moisture stress and accelerated crop maturation time.
It should be noted that these predictions are characterized by a high degree of uncertainty and do not
include potential changes in pest and pathogen
outbreaks (e.g., warmer winters may increase
grasshopper infestations in the Prairies), nor do
they consider the potential impacts of agricultural
land fragmentation.
Agricultural adaptation to climate change was considered a relatively new field of study at the time of the
Canada Country Study. The majority of adaptation
research focused on identifying adaptation options

Impacts on Agriculture
“Climate change will impact agriculture by causing
damage and gain at scales ranging from individual
plants or animals to global trade networks.”(10)

Impacts on Crops
Climate change will potentially have many impacts
on agricultural production (Figure 1). As such, there
is great variation in projections of crop response to
climate change, with both gains and losses commonly
predicted. Several recent Canadian studies have integrated crop models with general circulation model
(GCM) output for a 2xCO2 climate scenario, in order
to project the impact of climate change on different
types of crops. Examples include:
• McGinn et al.,(11) who suggested that yields of
canola, corn and wheat in Alberta would increase
by between 21 and 124%.
• Singh et al.,(12) who suggested that corn and
sorghum yields in Quebec could increase by 20%,
whereas wheat and soybean yields could decline
by 20–30%. Canola, sunflowers, potatoes, tobacco
and sugarbeets are expected to benefit, while a
decrease in yields is anticipated for green peas,
onions, tomatoes and cabbage.
• Bootsma et al.,(13) who suggested that there could
be an increase in grain corn and soybean yields
in the Atlantic Provinces by 3.8 and 1.0 tonnes/
hectare respectively, whereas barley yields are not
expected to experience significant changes. They
further suggested that a minimum of 50% of the
agricultural land area presently seeded to small
grain cereals and silage corn may shift production
to grain corn and soybeans to maximize
economic gains.
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FIGURE 1: Potential impacts of climate change on agricultural crops in Canada

POSITIVE IMPACTS

NEGATIVE IMPACTS

Increased productivity from
warmer temperatures

Increased insect
infestations

Possibility of growing
new crops

Longer growing seasons

PROJECTED CHANGES
• Warmer temperatures
• Drier or wetter conditions
• Increased frequency of extreme
climatic events
• Enhanced atmospheric CO2
• Changing market conditions

Crop damage from
extreme heat

Planning problems due to
less reliable forecasts

Increased productivity from
enhanced CO2

Increased soil erosion

Accelerated
maturation rates

Increased weed growth and
disease outbreaks

Decreased moisture stress

Decreased herbicide and
pesticide efficacy

Increased moisture stress
and droughts

The net impact on Canadian crops is
uncertain, and depends largely on the
adaptation measures undertaken.

As with other sectors, concerns exist about the
resolution of GCM output when modelling agricultural impacts (e.g., reference 12). Many studies
interpolate GCM data to obtain regional projections
of future changes in climate. Questions have been
raised about the validity of the interpolation methods and the accuracy of the results, especially for
regions with specific microclimates (e.g., Niagara
Peninsula, Annapolis Valley). With respect to
methodology, however, a recent statistical study
concluded that differences in the downscaling methods used to address scale issues do not unduly
influence study results,(14) thereby increasing
general confidence in model projections.
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Increased moisture stress and drought are major
concerns for both irrigated and non-irrigated crops
across the country. If adequate water is not available, production declines and entire harvests can
be lost. While climate change is expected to cause
moisture patterns to shift, there is still considerable
uncertainty concerning the magnitude and direction
of such changes. Furthermore, longer growing seasons and higher temperatures would be expected to
increase demand for water, as would changes in
the frequency of drought. Boxes 1 and 2 describe
the results of recent studies that examined how
climate change may affect moisture conditions in
the Prairies and the Okanagan Valley, two of the
driest agricultural regions of Canada.

BOX 1: Will the Prairies become drier? (15, 16)

BOX 2: Water supply and demand in the Okanagan(17)

Will moisture deficits and drought increase in
the future due to climate change? This is a key
question for the Prairie Provinces, where moisture
constraints are already a large concern and recurrent drought results in substantial economic losses
in the agricultural community. Unfortunately, a
clear answer to this question remains elusive.

Agricultural viability in the southern Okanagan
Valley is greatly influenced by the availability of
irrigation water. The researchers project that crop
water demands and irrigation requirements will
increase by more than 35% from historic values
by the latter part of the present century. While the
main lake and channel are expected to contain
enough water to meet these rising demands,
agricultural operations dependent on tributary
flow will likely experience water shortages.

Using the Canadian Centre for Climate Modelling
and Analysis coupled General Circulation Model
(CGCM1), Nyirfa and Harron(16) found that moisture
limitations would be significantly higher over much
of the Prairies’ agricultural regions by 2040–2069.
Although precipitation is expected to increase, it
will not be sufficient to offset increased moisture
losses from warmer temperatures and increased
rates of evapotranspiration. As a result, the
researchers believe that spring-seeded small grain
crops will be threatened unless adaptations, such
as cropping changes and shifts in pasture areas,
are undertaken.
In contrast, using a range of climate change scenarios, McGinn et al.(15) found that moisture levels
in the top 120 cm of the soil profile would be the
same or higher than present-day values. Their
models also suggested that the seeding dates for
spring wheat will be advanced by 18–26 days, and
that the growing season will be accelerated. This
would allow crops to be harvested earlier in the
year, thereby avoiding the arid conditions of late
summer. However, the benefits are not expected to
be felt evenly across the Prairies; there are regions
of concern, such as southeastern Saskatchewan
and southern Manitoba, where summer precipitation is projected to decrease.

Photo courtesy of Agriculture
and Agri-Food Canada

To deal with future water supply-demand mismatches, Neilsen et al.(17) advocate increased
use of water conservation measures, such as microirrigation and applying soil mulches. They also
suggested that new techniques, including regulated
deficit irrigation and partial root zone drying, would
yield substantial water savings.

Photo courtesy of Stewart Cohen, 2001

While there remain considerable uncertainties
regarding the nature of future climate changes at
the regional and local scales, there is no question
that the level of CO2 in the atmosphere will
continue to increase for several decades. Enhanced
atmospheric CO2 concentrations have generally
been found to increase crop production. This is
because higher CO2 levels tend to improve plant
water-use efficiency and rates of photosynthesis.
However, the relationship is not simple. For instance,
certain types of plants, such as legumes, are
expected to benefit more in the future than others,
and the nutritional quality of some crops will
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likely decline. In addition, there are several factors,
including moisture conditions and the availability
of soil nutrients, that could limit or negate the benefits of CO2 fertilization on plant growth. Although
some impact studies do attempt to incorporate CO2
effects into their modelling, many researchers feel
that there are too many uncertainties to effectively
integrate the effects of increased atmospheric CO2.(12)
Another complicating factor in projecting future
trends in crop yields is the interaction of climatic
changes and enhanced CO2 concentrations with
other environmental stresses, such as ozone and
UV-B radiation. For example, warmer temperatures
tend to increase ground-level ozone concentrations,
which, in turn, negatively affect crop production.
Studies have suggested that the detrimental effects
of enhanced ozone concentrations on crop yields
may offset any gains in productivity that result
from increased atmospheric CO2 levels.(18)
Changing winter conditions would also significantly
impact crop productivity and growth. Climate models project that future warming will be greatest
during the winter months. With warmer winters,
the risk of damage to tree fruit and grape rootstocks will decline substantially in areas such as
the southern Okanagan Valley.(17) However, warmer
winters are also expected to create problems for
agriculture, especially with respect to pests,
because extreme winter cold is often critical for
controlling populations. Warmer winters may
also affect the resilience of crops (see Box 3).
Many crops may be more sensitive to changes
in the frequency of extreme temperatures than
to changes in mean conditions. For example,
an extreme hot spell at the critical stage of crop
development has been shown to decrease the final
yields of annual seed crops (e.g., reference 20) and
damage tree fruit such as apples.(17) Crops that
require several years to establish (e.g., fruit trees)
are especially sensitive to extreme events. To date,
however, most impact studies have focused on
changes in mean conditions, with scenarios of
extreme climate events only now being developed.
Many experts believe that an increase in the frequency and intensity of extreme events would be
the greatest challenge facing the agricultural
industry as a result of climate change.
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Another factor not usually included in modelling of
climate change impacts is future changes in wind
patterns, mainly because wind projections from
GCMs are highly uncertain(21) and wind phenomena, in general, are poorly understood. However,
wind is clearly an important control on agricultural
production, which strongly influences evapotranspiration and soil erosion, especially on the Prairies.
As such, exclusion of future wind dynamics
increases the uncertainty in assessments of
climate change impacts.
Another important consideration for crop production is the observation that recent warming has
been asymmetric, with night-time minimums
increasing more rapidly than daytime maximums.
Climate models project that this trend will continue
in the future. This type of asymmetric warming
tends to reduce crop water loss from evapotranspiration and improve water use efficiency.(22) Under
such conditions, climate change impacts on
crop productivity may be less severe than the
impacts predicted assuming equal day and
night warming.(23)

BOX 3: Would warmer winters benefit crops? (19)
Although harsh winters are a constraint to the
distribution of perennial crops, warmer winters are
not necessarily beneficial. In fact, winter damage
to perennial forage crops could actually increase
in eastern Canada, due to reduced cold hardening
during the fall, an increase in the frequency of
winter thaw events, and a decrease in protective
snow cover. For example, by 2040–2069, despite
an increase in annual minimum temperatures of
almost 5ºC, the number of cold days (below -15ºC)
without a protective snow cover (>0.1 m depth)
could increase by more than two weeks.
Conversely, fruit trees are expected to benefit from
a decreased risk of winter damage. This is because
milder winter temperatures would reduce cold
stress, while a decrease in late spring frosts would
lower the risk of bud damage in many regions.
However, an increase in winter thaw events would
decrease the hardiness of the trees, and increase
their sensitivity to cold temperatures in late winter.

Impacts on Livestock
There are more than 90,000 livestock operations
in Canada, which accounted for more than $17 billion in farm cash receipts in 2000.(4) Despite the
economic importance of livestock operations to
Canada, relatively few studies have examined
how they could be impacted by climate change.
Temperature is generally considered to be the
most important bioclimatic factor for livestock.(24)
Warmer temperatures are expected to present both
benefits and challenges to livestock operations.
Benefits would be particularly evident during
winter, when warmer weather lowers feed requirements, increases survival of the young, and reduces
energy costs.(25) Challenges would increase during
the summer, however, when heat waves can kill
animals. For example, large numbers of chicken
deaths are commonly reported in the United States
during heat waves.(26, 27) Heat stress also adversely
affects milk production, meat quality and dairy cow
reproduction.(24) In addition, warmer summer temperatures have been shown to suppress appetites
in livestock and hence reduce weight gain.(28) For
example, a study conducted in Appalachia found
that a 5°C increase in mean summer temperature
caused a 10% decrease in cow/calf and
dairy operations.(28)
Provided there is adequate moisture, warmer
temperatures and elevated CO2 concentrations
are generally expected to increase growth rates
in grasslands and pastures.(29, 30, 31) It is estimated
that a doubling of atmospheric CO2 would increase
grassland productivity by an average of 17%,(29)
with greater increases projected for colder regions(32)
and moisture-limited grassland systems.(29) However,
study results tend to vary greatly with location, and
changes in species composition may affect the actual
impacts on livestock grazing.(29) For instance, studies
have noted future climate changes, particularly
extreme events, may promote the invasion of alien
species into grasslands,(33) which could reduce the
nutritional quality of the grass.
An increase in severe moisture deficits due to
drought may require producers to reduce their
stock of grazing cattle to preserve their land, as
exemplified by the drought of 2001 when many
Prairie producers had to cull their herds. For the
2002 season, it was predicted that many pastures

would be unable to support any grazing, while
others would be reduced to 20–30% of normal
herd capacity.(34)
There is relatively little literature available on the
impacts of extreme climate events on livestock.
Nevertheless, storms, blizzards and droughts are
an important concern for livestock operations.(28)
In addition to the direct effects on animals, storms
may result in power outages that can devastate
farms that are heavily dependent upon electricity
for daily operations. This was exemplified by the
1998 ice storm in eastern Ontario and southern
Quebec, when the lack of power left many dairy
farms unable to use their milking machines. This
threatened the health of the cows (due to potential
mastitis) and caused significant revenue losses.(35)
Milk revenue was also lost through the inability
to store the milk at the proper temperature.
Furthermore, the lack of electricity made it difficult
to provide adequate barn ventilation and heating,
thereby making the animals more susceptible
to illness.(35)

Soil Degradation
“Soil degradation emerges as one of the major
challenges for global agriculture. It is induced via
erosion, chemical depletion, water saturation,
and solute accumulation.”(10)
Climate change may impact agricultural soil quality
through changes in soil carbon content, nutrient
leaching and runoff. For example, changes in
atmospheric CO2 concentrations, shifts in vegetation and changes in drying/rewetting cycles would
all affect soil carbon, and therefore soil quality and
productivity.(36, 37)
Soil erosion threatens agricultural productivity and
sustainability, and adversely affects air and water
quality.(38) There are several ways that soil erosion
could increase in the future due to climate change.
Wind and water erosion of agricultural soils are
strongly tied to extreme climatic events, such as
drought and flooding, which are commonly projected to increase as a result of climate change.(21, 39)
Land use change could exacerbate these impacts,
as conversion of natural vegetation cover cropland
greatly increases the sensitivity of the landscape to
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erosion from drought and other climatic fluctuations.(40) Warmer winters may result in a decrease
in protective snow cover, which would increase the
exposure of soils to wind erosion, whereas an
increase in the frequency of freeze-thaw cycles
would enhance the breakdown of soil particles.(41)
The risk of soil erosion would also increase if
producers respond to drought conditions through
increased use of tillage summerfallow.

Pests and Weeds
Weeds, insects and diseases are all sensitive to
temperature and moisture,(42) and some organisms
are also receptive to atmospheric CO2 concentrations.(43, 44) Therefore, understanding how climate
change will affect pests, pathogens and weeds is a
critically important component of impact assessments of climate change on agriculture.
Most studies of climate change impacts on weeds,
insects and diseases state a range of possible outcomes, and have been generally based on expert
opinion rather than results of field- or lab-based
research experiments. Conclusions from these
studies include the following:
• Elevated CO2 concentration may increase
weed growth.(42)
• Livestock pests and pathogens may migrate north
as the frost line shifts northward.(28)
• The probability of year-to-year virus survival
may increase.(45)
• Warmer winters may increase the range and
severity of insect and disease infestations.(42)
• Longer and warmer summers may cause more
frequent outbreaks of pests, such as the Colarado
potato beetle.(46)
• Pathogen development rate and host resistance
may change.(47)
• Geographic distribution of plant diseases
may change.(48)
• Competitive interactions between weeds and
crops may be affected.(49)
Studies are needed to test and validate these
predictions, and the results must be better incorporated into impact assessments.(50)
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Significant work has been completed on the climatic controls on grasshopper populations in Alberta
and Saskatchewan.(51) This research has shown
that grasshopper reproduction and survival are
enhanced by warm and dry conditions. For example, warm and dry weather in 2001 was associated
with a 50% increase in the average number of
adult grasshoppers per square metre, compared
to values in 2000. Above-average temperatures
increase the development and maturation of
grasshoppers, and allow them to lay more eggs
before the onset of frost. Mild winters also benefit
grasshopper populations because extreme cold
temperatures can kill overwintering eggs.(51) An
increase in temperature and drought conditions
in the Prairies, as projected by climate models,(52)
could lead to more intense and widespread
grasshopper infestations in the future.
Recent work indicates that the relationships
between elevated atmospheric CO2 concentrations,
warmer temperatures and pest species are complex.
An example is a study of the impacts on aphids,(43)
serious pests that stunt plant growth and deform
leaves, flowers and buds. Although elevated CO2
concentrations enhanced aphid reproduction rates,
they also made the aphids more vulnerable to
natural enemies by decreasing the amount of an
alarm pheromone. This suggests that aphids may
in fact become less successful in an enhanced
CO2 environment.(43)
Invasive species, such as weeds, are extremely
adaptable to a changing climate, as illustrated by
their large latitudinal ranges at present. Invasive
species also tend to have rapid dispersal characteristics, which allow them to shift ranges quickly in
response to changing climates. As a result, these
species could become more dominant in many
areas under changing climate conditions.(44)
It is also expected that climate change would
decrease pesticide efficacy, which would necessitate
changes to disease forecasting models and disease
management strategies.(48, 49) This could involve
heavier and more frequent applications, with
potential threats to non-target organisms and
increased water pollution,(49) as well as increased
costs associated with pesticide use.(53) Similar
trends are predicted for herbicide use and costs
in the future.(54)

Economic Impacts
Assessing the economic impacts of climate change
on agriculture generally involves the use of a variety of tools, including climate, crop and economic
models. Each step in the modelling process requires
that assumptions be made, with the result that final
outputs are limited by cascading uncertainties.(25)
It is therefore not surprising that agricultural
economic impact assessments in Canada are characterized by great variability.(55) On a general level,
however, the economic impacts of climate change
are expected to mirror the biophysical impacts
(e.g., economic benefits are predicted where effects
on crop yields are positive). Studies suggest that
Canadian agriculture should generally benefit from
modest warming.(28)
It must be noted, however, that most economic
impact assessments do not consider changes in
the frequency and severity of extreme events. The
sensitivity of agriculture to extreme events, as
noted previously, suggests that overall economic
losses could be more severe than commonly projected. For instance, the 1988 drought caused an
estimated $4 billion in export losses,(56) and the
2001 drought is expected to result in record payouts
from crop insurance programs of $1.1 to 1.4
billion.(6) Economic impact studies also tend to
aggregate large regions, and generally do not
acknowledge the impacts on specific farm types
and communities.(55)
International markets will also play a significant
role in determining the economic impacts of climate
change on the Canadian agricultural sector. In fact,
changes in other countries could have as much
influence on Canadian agriculture as domestic
changes in production.(9) North American agriculture plays a significant role in world food production and, since Canada is generally expected to fare
better than many other countries with respect to
the impacts of climate change, international markets
may favour the Canadian economy. Trade agreements, such as NAFTA and GATT, are also likely to
affect Canadian agriculture;(57) however, quantitative
studies of these issues are generally lacking.

Agricultural Adaptation to
Climate Change
“The agriculture sector historically has shown
enormous capacity to adjust to social and
environmental stimuli that are analogous to
climate stimuli.” (10)
To assess the vulnerability of agriculture to climate
change, it is necessary to consider the role of adaptation. Appropriate adaptations can greatly reduce
the magnitude of the impacts of climate change
(see Box 4). Assessment of adaptation options
must consider six key questions:(28, 55, 58, 59)
• To what climate variables is agriculture
most sensitive?
• Who needs to adapt (e.g., producers,
consumers, industry)?
• Which adaptation options are worth promoting
or undertaking?
• What is the likelihood that the adaptation would
be implemented?
• Who will bear the financial costs?
• How will the adaptation affect culture
and livelihoods?

BOX 4: How does adaptation affect impact
assessments? (60)
When adaptation measures were incorporated
directly into impact assessments, the impacts
of climate change on crop yields were found to
be minimal in agricultural regions across Canada.
In fact, yields of many crops, including soybeans,
potatoes and winter wheat, were projected to
increase under a 2xCO2 scenario. Some adaptation
options considered in the study included using
nitrogen fertilization to offset the negative impacts
of increased water stress on spring wheat, and
advancing the planting dates of barley.
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It is also important to understand how adaptation
to climate change fits within larger decision-making
processes.(61) Climate change itself is unlikely to
be a major control on adaptation; instead, decision
making by producers will continue to be driven
jointly by changes in market conditions and
policies.

These adaptations could be implemented by a
number of different groups, including individual
producers, government organizations, and the
agri-food industry.(1) These groups have differing
interests and priorities, which may at times
conflict. Therefore, before determining which
adaptation options should be promoted or implemented, they should be carefully and thoroughly
assessed (see Box 5).

Adaptation Options

Much of the adaptation research in agriculture has
focused on water shortages. Common suggestions
for addressing water-related concerns include
improving irrigation systems and adjusting the
selection of planting dates and cultivars.(60, 61) For
instance, longer and warmer growing seasons may
allow earlier planting and harvesting dates, so that
the extremely arid conditions of late summer are
avoided. To deal with historic water shortages in
southern Alberta, irrigation canals were upgraded,
water storage capacity was increased, and irrigation
management was improved.(63) These strategies,
along with water transfers and changes to crop
insurance programs, are adaptation options often
suggested for dealing with future climate changes.

Adaptation options can be classified into the
following categories:
• technological developments (e.g., new crop
varieties, water management innovations);
• government programs and insurance
(e.g., agricultural subsidies, private insurance);
• farm production practices (e.g., crop diversification, irrigation); and
• farm financial management (e.g., crop shares,
income stabilization programs).(1)

BOX 5: Evaluating adaptation options (62)
The applicability and success of different adaptation options will vary greatly between regions and
farm types. To determine whether an adaptation
option is appropriate for a given situation, its
effectiveness, economic feasibility, flexibility, and
institutional compatibility should be assessed. In
addition, the characteristics of the producer and
the farm operation should be considered, as should
the nature of the climate change stimuli. Possible
economic and political constraints are also
important considerations.
Most importantly, however, the adaptation option
should be assessed in the context of a broader
decision-making process. Researchers agree that
agriculture will adapt to climate change through
ongoing management decisions, and that the
interactions between climatic and non-climatic
drivers, rather than climate change alone, will
direct adaptation.
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Water conservation measures are another important
adaptation mechanism for agriculture. For example,
snow management could be used to increase water
storage,(64) while equipment maintenance and
upkeep could help to reduce water waste.(62) The
use of summerfallow may be necessary for dryland
farmers in areas of recurrent drought, but use of
minimum tillage and chemical fallow techniques
offer significant advantages over tillage summerfallowing with respect to soil erosion and retention of
organic carbon in the soil.(65)
New species and hybrids could play an important
role in agricultural adaptation. Development of
new heat- and drought-resistant crop varieties is
a frequently recommended adaptation option.
Improving the adaptability of agricultural species
to climate and pests is an important component of
the research being conducted at federal, provincial,
university and industrial organizations.(3) The
potential role of biotechnology and soil organisms
in enhancing the resilience of soils and plants is
also being investigated.(3)

In eastern Canada, the fruit tree sector is expected
to benefit from the introduction of new cultivars
and species(19) and, in the southern Okanagan
Basin, a longer growing season would allow new
fruit varieties to be grown.(17) In the Atlantic
Provinces, researchers predict that corn and
soybeans will increase in dominance, and that
corn hybrids commonly used today in southern
Ontario will be introduced to take advantage of
warmer temperatures (see Box 6).
There is general optimism regarding the ability of
livestock operations to adapt to warmer temperatures. The wide geographic distribution of livestock
attests to their adaptability to various climates.(24)
Some simple adaptations to warmer climates
include adjusting shading and air conditioning,(24)
and the use of sprinklers to cool livestock during
excessive summer heat,(57) although these options
may incur considerable expense.
Adapting to changes in moisture availability and
extreme conditions may be more challenging. For
the beef industry, options that have been discussed
include advancing the date when livestock is
turned out to pasture, increasing intensive early
season grazing, and extending the grazing season.(66) The success of these strategies is expected
to vary with location and pasture type. The introduction of new breeds and/or species may also
play a significant role in reducing climate change
impacts on livestock.(24) It is noteworthy that none
of these actions are likely to prove effective in mitigating the impacts of extreme climate events, such
as the 2002 Prairie drought that has forced many
ranchers to sell off cattle.

BOX 6: Adapting in the Atlantic Provinces (13)
Longer and warmer growing seasons are projected
for the Atlantic Provinces (see figure below). To
take advantage of these new conditions, producers
are expected to adjust the types of crops grown,
and introduce new hybrids. For instance, crops
such as corn and soybeans are expected to
increase in dominance, whereas small grain cereals will likely decrease. Producers should also be
prepared to introduce new corn hybrids, which are
adapted to warmer conditions, such as those
currently used in southern Ontario.
However, warmer temperatures are not the only factor influencing crop decision making. Researchers
point out that small grain cereals are unlikely to
be phased out completely, as they work well in
rotation with potatoes and provide straw for animal
bedding. Other considerations include production
costs, protein levels and financial returns of
different crops. The suitability of the soil, moisture
conditions and the influence of crop type on soil
erosion must also be considered.

Sound land management practices are essential for
soil conservation, which, together with flexibility
regarding land use, will help minimize the impacts
of climate change on agricultural soils.(67) Longterm management strategies that increase soil
organic matter, so that soil has a high nutrient
content and strong water-holding capacity, will
also render the land better able to cope with
future climatic changes.(68)

Projected number of growing degree days (GDD)
above 5ºC (uses the Canadian CGCM1 with aerosols)
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Agricultural Policies
“The ability of farmers to adapt…will depend on
market and institutional signals, which may be
partially influenced by climate change.” (22)
Government programs and policies, such as tax
credits, research support, trade controls and crop
insurance regulations, significantly influence agricultural practices.(55) For example, recent reform
of the Western Grain Transportation Act has contributed to increased crop diversification on the
Prairies.(69) Programs and policies may act to either
promote or hinder adaptation to climate change.(58)
Researchers have suggested, for instance, that crop
insurance may tend to decrease the propensity of
farmers to adapt.(70)
It has been suggested that policies designed to promote climate change adaptation in the agricultural
sector must recognize the dynamic nature of both
the biophysical and social systems in agriculture.(25)
There is a need for designating responsibility for
action, as adaptation occurs at many levels.(55)
A general goal of policy development should be
to increase the flexibility of agricultural systems
and halt trends that will constrain climate change
adaptation.(25, 71) No-regrets measures that improve
agricultural efficiency and sustainability, regardless
of climate change impacts, are also encouraged.(25)

Producers’ Attitudes toward Adaptation
Agricultural producers have demonstrated their
ability to adapt to changes in climate and other
factors in the past, and they will continue to adapt
in the future. However, the key question for agriculture is whether adaptation will be predominantly
planned or reactive. The answer appears to depend
largely on the background, attitudes and actions of
individual producers.(58)
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Producer interviews and focus groups reveal that,
to date, there is generally little concern in the
Canadian agricultural community regarding climate
change (e.g., references 57, 58, 72). These attitudes
have been attributed to the confidence of producers
in their ability to adapt to changing climatic conditions, and their tendency to be more concerned
with political and economic factors.(58, 73) Indeed,
numerous studies have demonstrated that financial
and economic concerns are the primary influence
on producer decision making. This does not mean
that adaptation to climate change will not occur,
but rather suggests that climate change adaptations
will be incidental to other adaptations, and should
be viewed as one element of an overall risk
management strategy.(73)
It is also possible that events such as the 2001
drought are changing producers’ attitudes toward
climate change, particularly when viewed as an
analogue of what might be expected in the future.
Multiyear droughts seriously challenge the adaptive
capacity of agriculture. At workshops held across
the Prairies, acceptance of climate change as an
important issue has become common, as has a
growing recognition of the need for action.(74)

Socio-economic Consequences of
Adaptation
As other countries take action to adapt to climate
change, Canada will need to keep pace or risk
being placed at a competitive disadvantage.(55)
In fact, successful anticipatory adaptation in the
agri-food industry could provide Canadian producers with a competitive advantage. Before promoting
adaptation options, however, it is necessary to consider the full range of socio-economic impacts. For
example, although switching production to a new
crop may increase overall agricultural production,
it may not be economically viable due to marketing
issues and higher capital and operating costs.(25)
Since more than 98% of Canadian farms are family
owned and operated,(5) the effect that adaptation
options to climate change will have on culture and
livelihood must also be considered.

Knowledge Gaps and
Research Needs
Although understanding of the potential impacts
of climate change on Canadian agriculture has
improved, a number of key knowledge gaps,
particularly with respect to the process of agricultural adaptation, need to be addressed in order to
fully assess vulnerability. As with other sectors,
emphasis has been placed predominantly on the
biophysical impacts of climate change, with less
attention given to socio-economic impacts.
Research on climate change impacts and adaptation
in the food-processing sector is also sparse. There
is a need for more integrated costing studies, which
consider all potential impacts of climate change
on the sector, as well as adaptation options. Such
information is necessary not only for domestic
issues, but also to assess comparative advantages
within global agricultural commodity markets.
Comparisons between studies and regions will
be assisted by more standardized use of climate
change scenarios and crop production models.
Research is also needed to determine what barriers
exist to adaptation in the agriculture sector and
how these can be addressed. Increased use of
new methodologies for assessing vulnerability
would help to address these gaps.
Another important focus for agricultural research
is the identification of thresholds. The agriculture
sector has proven itself to be highly adaptive, but
this adaptation takes place within a certain range
of climate conditions. New adaptive measures
may serve to expand this range somewhat, but
there exist climatic thresholds beyond which
activities are not economically viable and substantive changes in practices would be required.
An improved understanding of where these critical
thresholds lie will contribute to the development
of appropriate adaptation strategies.
Needs with respect to primary agricultural production, as identified within the recent literature cited
in this chapter, include the following:

Impacts
1) Increased focus on the impacts of changes in the
frequency of extreme events, rather than mean
conditions, on both crops and livestock
2) Improved understanding of potential changes in
wind regimes and their impacts on agricultural
production
3) Studies on how climate change will affect the
intensity and distribution of weeds, insects and
diseases, and incorporation of these findings into
impact assessments
4) More comprehensive studies of the impacts of
climate change on specific farm types and
regions in Canada
5) Analyses of the effects of climatic changes and
CO2 fertilization on pastures and grasslands
6) Improved understanding of the role of international markets in determining the economic
impacts of climate change on Canada

Adaptation
1) Studies that designate responsibility for action,
by determining which adaptations are appropriate for which groups (e.g., producers, industry
and government)
2) Improved understanding of the physical and
socio-economic consequences of different
options for adaptation
3) An assessment of the effects that trade and other
agreements will have on promoting climate
change adaptation or maladaptation
4) Studies that address the role of adaptation
in decision making at the farm, industry and
governmental levels
5) Better understanding of the mechanisms
for expanding the general adaptive capacity
of agriculture
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Conclusions
Although warmer temperatures, longer growing
seasons and elevated CO2 concentrations are generally expected to benefit agriculture in Canada,
factors such as reduced soil moisture, increased
frequency of extreme climate events, soil degradation and pests have the potential to counteract,
and potentially exceed, these benefits. Some regions
could experience net gains, while others may see
net losses. Regional variations will result from
several factors, including the nature of climate
change, the characteristics of the farming system/
organization, and the response of different groups.
Appropriate adaptations have the potential to greatly reduce the overall vulnerability of agriculture to
climate change. These adaptations will require the
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participation of several different groups, including
individual producers, government organizations,
the agri-food industry and research institutions.
Historically, the agricultural sector has proven itself
to be highly adaptive to environmental and social
changes, with a strong capacity to adapt in a
responsive manner. However, to most effectively
reduce vulnerability, anticipatory adaptation is
necessary. For example, efforts to increase adaptive
capacity through diversification and the development of new technologies represent valuable types
of proactive adaptation. Anticipatory adaptation is
also important with respect to major capital investments by producers and the agri-food industry.
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Forestry

“F

or centuries, forests have been an intrinsic feature
of Canada’s society, culture and economy, and they
will continue to be an immensely important part of
our lives.”(1)

Canada contains more than 400 million hectares
of forested land, which accounts for almost half
of our total landmass and approximately one-tenth
of the world’s total forest cover.(1) As such, forests
are a vital component of our country’s economy
and culture. Boreal forests are the dominant forest
type, spanning the complete width of the country
(Figure 1).

Many communities across Canada are highly reliant
on the forestry sector, which provided direct
employment for over 370 000 Canadians in 2000.(1)
Approximately 51% of Canada’s 234.5 million
hectares of commercial forest (land capable of
producing commercial tree species that can be sustainably harvested) are currently managed for
timber production.(1) Each year about one million

FIGURE 1: Distribution of forest types in Canada (1)
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hectares of this commercial forestland are harvested, primarily to manufacture lumber, plywood,
veneer, wood pulp and newsprint.(1) Non-wood
forest products also contribute to the Canadian
economy.
Forests also impart numerous non-market benefits.
They provide aesthetic value, and are important
for many recreational activities, such as camping,
hiking and snowmobiling. Forests also reduce
soil erosion, improve air and water quality, and
provide habitat for over 90 000 different species
of plants, animals and micro-organisms.(1)
Furthermore, forests are a vital component
of aboriginal culture and heritage, providing
food, medicinal plants and resources for many
First Nations and Métis communities.
Climate is one of many variables that affect
forest distribution, health and productivity, and
has a strong influence on disturbance regimes.
According to the Third Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC),
globally averaged surface air temperatures are
projected to increase by 1.4–5.8°C by the year
2100,(2) with significant consequences for most
elements of the global climate system. The net
impact of such climate changes on forestry and
forest-dependent communities in Canada would
be a function of a wide range of biophysical and
socio-economic impacts that would be both positive
and negative. To date, research in Canada and
internationally has tended to focus primarily on the
response of individual species and ecosystems to
changing climate. In contrast, the potential social
and economic implications of climate change for
the Canadian forest sector have received far less
attention. Reflecting these trends, this review
emphasizes the potential biophysical impacts of
climate change on forests while recognizing the
importance of expanding our capacity to address
socio-economic impacts as well.
In addition to changes in the climate, forests will
also be stressed by other factors such as land cover
and land use changes, related to both human activity and natural processes. When these variables are
considered in conjunction with limitations imposed
by the uncertainties of climate models, especially
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regarding future changes in precipitation patterns,
it is difficult to project the impacts of climate
change on forests at the regional and local levels.
Although research is ongoing to address these
issues, understanding the vulnerability of both
forests and forestry practices to climate change
is essential for forestry management planning.
Appropriate adaptation will help reduce the negative impacts of climate change while allowing
the forest sector to take advantage of any new
opportunities that may be presented.

Previous Work
“Climate change has the potential to enormously
influence the future health of Canada’s forested
ecosystems.” (3)
In their summary of research as part of the Canada
Country Study, Saporta et al.(4) concluded that
climate change would have a range of impacts on
Canadian forests. They summarized that higher
temperatures would generally improve growth
rates, while an increase in the frequency and
severity of moisture stress and forest disturbances
would create problems in some areas. Elevated
atmospheric CO2 concentrations may also affect
forests by improving the efficiency of water use
by some plants, which could lead to increases in
forest productivity. The actual nature and magnitude of the impacts will vary, depending on such
factors as forest type, location and species characteristics. For example, forests in continental areas
are expected to experience increased drought
stress, whereas increased wind and storm damage
are likely in coastal regions.
The rate and nature of projected climatic changes
will be important, especially with respect to shifts
in species distributions. As temperature increases,
species are expected to migrate northward and to
higher altitudes. Species located near the southern
edges of their current range and those with poor dispersal mechanisms would be the most threatened by
these migrations, and local extinctions are possible.

The forestry industry would need to adapt its operations to deal with the changing conditions. New
technologies, introduction of new tree species and
relocation of forestry operations are potential adaptation options. The rate, magnitude and location of
climate change would greatly influence the success
of these adaptations.

Impacts
Impacts on Forest Growth and Health
“Changes in climatic conditions affect all productivity
indicators of forests and their ability to supply goods
and services to human economies.” (5)

Researchers expect that even small changes in
temperature and precipitation could greatly affect
future forest growth and survival,(6) especially at
ecosystem margins and threshold areas. Over the
last century, Canada has warmed by an average of
1°C.(7) During the same time period, plant growth
at mid to high latitudes (45°N and 70°N) has
increased and the growing season has lengthened.(8)
Historic warming has also had an impact on tree
phenology. For example, in Edmonton, Alberta,
trembling aspen has begun to bloom 26 days earlier
over the past 100 years,(9) and the bud break of
white spruce in Ontario appears to be occurring
earlier.(10) Plant hardiness zones also appear to
have shifted in response to recent changes in climate, with the most significant changes occurring
in western Canada (Figure 2).(11)

FIGURE 2: Changes in plant hardiness between 1930–1960 and 1961–1990 (modified from reference 11)
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Unchanged
Higher
Analysis not undertaken
for northern territories
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Climate models project that future warming will
be greatest during the winter months. This trend is
evident in the historic climate record for most of
the country. For example, over the past century,
winter temperatures in the Canadian Rockies have
warmed about twice as much as spring and summer temperatures.(12) Higher temperatures in the
winter would have both positive effects on forests,
such as decreased winter twig breakage,(13) and
negative effects, such as increased risk of frost
damage.(10) Although warmer winters would
increase the over-winter survival of some insect
pests, reduced snow cover could increase the
winter mortality of others.(14)
Higher winter temperatures may also increase
the frequency and duration of midwinter thaws,
which could lead to increased shoot damage and
tree dieback (references 15 and 16; see Box 1).
A decrease in snow cover could further increase
tree dieback due to frost-heaving, seedling uplift(17)
and increased exposure of roots to thaw-freeze
events.(18)

BOX 1: Are winter thaws a threat to yellow birch? (19)
In the past, large-scale declines of yellow birch
have been documented in eastern Canada. Studies
indicate that winter thaws and late spring frosts
may partially explain the diebacks. Winter thaws
decrease the cold hardiness of birch, thereby
increasing the vulnerability of the affected trees.
The effect of a winter thaw on birch seedlings is
shown in the photograph below. Winter thaw events
can also cause breakdowns in the xylem of yellow
birch, making it more difficult for water to pass
from the roots to the branches. Future climate
changes are expected to result in more frequent
and prolonged winter thaws, and the likelihood
that birch dieback may worsen.

Climate change would impact future moisture conditions in forests through changes in both temperature
and precipitation patterns. As the temperature
increases, water loss through evapotranspiration
increases, resulting in drier conditions. Higher temperatures also tend to decrease the efficiency of
water use by plants. In some areas of Canada, future
increases in precipitation would help offset drying
caused by higher temperatures.(20) In other regions,
however, decreases in precipitation will accentuate
the moisture stress caused by warming. Changes in
the seasonality of precipitation and the occurrence
of extreme events, such as droughts and heavy
rainfalls, will also be important. For example, treering analysis of aspen poplar in western Canada
revealed that reduced ring growth was associated
with drought events, whereas growth peaks followed
periods of cool, moist conditions.(18)
Forest characteristics and age-class structure also
affect how forests respond to changes in moisture
conditions. Mature forests have well-established
root systems and are therefore less sensitive to
changes in moisture than younger forests and postdisturbance stands, at least in the short term.(5)
In addition, certain tree species and varieties are
more moisture or drought tolerant than others.
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Photo courtesy of R.M. Cox

The effect of thaw on shoot dieback. The top photo
is the control (not exposed to thaw), whereas the
bottom photo shows yellow birch seedlings that
were exposed to thaw.

For example, bur oak and white fir are better able to
tolerate drought conditions than most tree types.(21)
While numerous studies have investigated the
impacts of elevated CO2 on forest growth and
health, the results are neither clear nor conclusive.(5) Although researchers generally agree that
higher CO2 concentrations improve the efficiency
of water use by some plants (at elevated CO2 concentrations, plants open their stomata less, thus
reducing water loss through transpiration), diverse
results have been found concerning the overall
effects on plant growth. For example, higher CO2
concentrations have been found to increase the
growth of various types of poplar,(22, 23) but have
little to no effect on the growth of Douglas fir,(24)
aspen and sugar maple.(25) The differing results
between studies could relate to the species studied, individual tree age, the length of the study
period and differences in methodology. It is also
important to note that some researchers suggest
that any positive response of plants to enhanced
CO2 concentrations may decrease over time, as
plants acclimatize to elevated CO2 levels.(5)
The uncertainties concerning how trees will respond
to elevated CO2 concentrations make it challenging
to incorporate this factor into impact assessments.
Additional complications arise from the possibility
that other anthropogenic emissions will affect forest
growth. For example, ozone (O3), a pollutant that
causes visible damage to tree species,(26) has been
shown to offset the potential benefits of CO2 on tree
productivity.(26, 27) On the other hand, some suggest
that nitrogen oxides, which are released through
fossil fuel combustion and high-intensity agriculture, may lead to enhanced forest growth,(28)
especially in nitrogen-limited ecosystems. Another
study found that these growth enhancement factors
(e.g., CO2 fertilization, nitrogen deposition) actually
had minimal influence on plant growth relative to
other factors, particularly land use.(29)
Overall, the impacts of climate change on forest
growth and health will vary on a regional basis,
and will be influenced by species composition, site
conditions and local microclimate.(12) In the aspen
forests of western Canada, forest productivity may
increase due to longer frost-free periods and elevated
CO2 concentrations,(18) although an accompanying
increase in drought stress could create problems.

Productivity in northeastern Ontario may also
increase under the combined effects of higher
temperatures, increased precipitation, and a
longer growing season.(30) In contrast, some
researchers suggest that climate warming could
have a negative impact on the physiology and
health of forest ecosystems in the Great Lakes–
St. Lawrence region.(31)

Impacts on Tree Species Migrations
and Ecosystem Shifts
“Our forest ecosystems will be in a state of
transition in response to the changing climate,
with primarily negative impacts.” (32)
Climate change may result in sometimes subtle
and non-linear shifts in species distributions.(5) As
conditions change, individual tree species would
respond by migrating, as they have in response to
past changes in climate. There is concern, however, that the rapid rate of future climate change
will challenge the generation and dispersal abilities
of some tree species.(33,34) Successful migration
may be impeded by additional stresses such as
barriers to dispersion (habitat fragmentation)
and competition from exotic species,(35, 36, 37) and
changes in the timing and rate of seed production
may limit migration rates.(34)
It is generally hypothesized that trees will migrate
northward and to higher altitudes as the climate
warms. The warming of the last 100 years has
caused the treeline to shift upslope in the central
Canadian Rockies.(12) Temperature, however, is
not the sole control on species distribution, and
temperature changes cannot be considered in
isolation. Other factors, including soil characteristics, nutrient availability and disturbance regimes,
may prove to be more important than temperature
in controlling future ecosystem dynamics. The
southern limit of the boreal forest, for example,
appears to be influenced more by interspecies
competition(38) and moisture conditions(39) than
by temperature tolerance. The distribution of
trembling aspen in western Canada is also largely
controlled by moisture conditions.(40)
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Predictions of future changes in species distributions
are exceedingly complicated, and results from available studies vary greatly. Predictions of migration
rates in northern forests by 11 leading ecologists
varied by more than four orders of magnitude.(41)
This could be related to the fact that predictions are
often derived from models, which require a number
of assumptions to be made. For example, many
models assume that seeds of all species are uniformly available, and that environmental conditions
do not fluctuate between regions, leading to overestimation of future species diversity and migration
rates.(42) Models also generally do not account for
the potential role of humans in assisting species
migrations. Model projections should therefore
be viewed as indicative of trends, rather than
conclusive of magnitude.(43)

Some key results of recent studies that combined
historical trends or climate simulations with
ecosystem models are listed in Table 1.
It is important to note that species will respond
individually to climate change and that ecosystems
will not shift as cohesive units. The most vulnerable
species are expected to be those with narrow temperature tolerances, slow growth characteristics(49)
and limiting dispersal mechanisms such as heavy
seeds.(45) For example, since trembling aspen has
better seed dispersal mechanisms than red oak and
jack pine,(50) it may be more successful at migrating
in response to climate change. Differing species’
response to anthropogenic emissions may also affect
competitive ability,(51) with potentially significant
impacts on forest ecosystem functioning.(49)

TABLE 1: Recent research results of forest migrations
Region

Scenario

Key predictions

Western North America(44)

1%/year compound increase in CO2

• Shifts in ranges in all directions (N/E/S/W)
• Significant ecosystem impacts
• Changes in species diversity

Ontario(45)

2xCO2 scenario

• Great Lakes forest types will occupy most of
central Ontario
• Pyrophilic species (e.g., jack pine and aspen)
will become more common
• Minimal old-growth forest will remain
• Local extinctions will occur

Central Canadian treeline(46)

Gradual warming (based on
historical analysis)

• Initial increase in growth and recruitment
• Significant time lag between warming and
northward expansion of boreal forest

New England, US(47)

2xCO2 scenario

• Stable ecotone with no dieback
• Northward ecotone migration at a rate of less
than 100 m per 100 years

Northern Wisconsin, US(48)

Gradual warming over next 100 years

• Loss of boreal forest species in 200–300 years

Eastern US(35)

2xCO2 scenarios

•
•
•
•
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Dramatic changes in forest type distribution
Loss of spruce fir forest types in New England
Large decline in maple-beech-birch forests
Large increase in oak-pine forest types

Impacts on Disturbances
“Increases in disturbances such as insect infesta-

BOX 2: Interactions between spruce budworm and
wildfire in Ontario (53)

tions and fires can lead to rapid structural and
functional changes in forests.” (5)
Each year, approximately 0.5% of Canada’s forests
are severely affected by disturbances, such as fire,
insects and disease.(1) These disturbances are often
strongly influenced by weather conditions and are
generally expected to increase in the future in
response to projected climate change.(4)
Cumulative impacts arising from the interactions
between disturbances are likely. For example, an
increase in drought stress is expected to increase
the occurrence and magnitude of insect and disease
outbreaks.(30) Similarly, an increase in defoliation
by insect outbreaks could increase the likelihood
of wildfire.(52) The interaction between fire and
spruce budworm in Ontario is described in Box 2.
In addition to tree damage, changes in the disturbance regime would have long-term consequences
for forest ecosystems, such as modifying the age
structure and composition of plant populations.(30)

Wildfires and spruce budworm (SBW) outbreaks
are widespread disturbances in the boreal forest.
Fleming et al.(53) examined historical records to
investigate the interactions between these disturbances in Ontario, and estimate how they will
be affected by future climate changes. Spruce
budworm outbreaks are thought to increase the
occurrence of wildfires by increasing the volume
of dead tree matter, which acts as fuel for fires.
The researchers documented a disproportionate
number of wildfires occurring 3 to 9 years following spruce budworm outbreaks, with the trend
being more pronounced in drier regions such
as western Ontario, where wood fuels tend to
decompose more slowly. The study concluded
that drier conditions induced by climate change
would cause wildfires to increase in stands
with SBW defoliation, as well as increase the
frequency and intensity of SBW outbreaks.

Forest Fires
“In most regions, there is likely to be an increased
risk of forest fires….” (5)
Forest fires are a natural occurrence and necessary
for the health of many forest ecosystems. Indeed,
without fire, certain tree species and ecosystems
of the boreal forest could not persist.(54) However,
fires can also lead to massive forest and property
damage; smoke and ash generated by fires can
create health problems, both locally and at great
distances; and evacuations forced by fires have
a wide range of social and economic impacts.
Average annual property losses from forest fires
exceeded $7 million between 1990 and 2000, while
fire protection costs average over $400 million
per year.(55)
Studies generally agree that both fire frequency
in the boreal forest and the total area burned
have increased in the last 20 to 40 years.(56, 57, 58)

Image courtesy of T. Arcand, Laurentian Forestry Centre,
Canadian Forest Service

Spruce budworm: dorso-lateral view of mature larva

There is, however, less agreement among studies
that examine longer term records, with both
decreases(59,60) and increases(61) reported, reflecting
differences in location, timeframes and study
methodologies. It is also important to note that
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although large fires (over 1 000 hectares) account
for only 1.4% of forest fires in Canada, they are
responsible for 93.1% of the total area burned.(55)
Hence, caution is required when trying to compare
studies examining changes in fire frequency and
area burned.
Fire season severity is generally projected to increase
in the future due to climate change (Table 2). Reasons
for the increase include a longer fire season, drier
conditions and more lightning storms.(62, 63)

TABLE 2: Forest fire predictions
Region

Prediction

Eastern boreal
forest(59)

• Fewer forest fires in future
(based on historical analysis)

Canada(64)

• Increase in forest fire danger
• Great regional variability
(based on Forest Fire Weather Index)

Western Canada(58)

North America(65)

1

• Increase in strength and extent
of fires
(based on RCM1 projections)
• General increase in forest
fire activity
• Little change or even a decrease
in some regions
(based on GCM 2xCO2 projection)

Alberta(66)

• Increase in fire frequency
(based on GCM 2xCO2 projection)

Southwestern boreal
forest, Quebec(67)

• Decrease in fire frequency
(based on GCM 2xCO2 projection)

Ontario(68)

• Increase in forest fire frequency
and severity
(based on Forest Fire Weather Index)

Canada(62)

• Increase in fire activity
• Longer fire season
• Increase in area of extreme
fire danger
(based on GCM 2xCO2 projection)

RCM, regional climate model

There is relatively high uncertainty associated
with most studies of climate change and forest
fires, due largely to our limited understanding of
future changes in precipitation patterns. Where

80

C l i m a t e C h a n g e I m p a c t s a n d Ad a p t a t i o n

precipitation increases, forest fire frequency may
experience little change or even decrease.(3) It has
also been shown that warm weather and dry conditions do not necessarily lead to a bad forest fire
season. This was exemplified in 2001: despite the
extreme heat and dryness, wildfire frequency was
down and total area burned was the lowest on
record.(69) Vegetation type will influence changes
in future fire frequency and intensity. For example,
conifers are more likely to experience intense fires
than are deciduous or mixed-wood stands. Hence,
species migrations in response to changing climate
would also affect future fire behaviour by changing
the fuel types.(70) Some other factors that influence
fire seasons include wind, lightning frequency,
antecedent moisture conditions and fire management mechanisms.

Insect Outbreaks
Insect outbreaks are a major problem across
Canada, with resulting timber losses estimated
to exceed those from fire.(71)
In certain regions, defoliation by pests represents
the most important factor controlling tree growth.(72)
The response of insects to climate change is
expected to be rapid, such that even small climatic
changes can have a significant impact. Insects
have short life cycles, high mobility, and high
reproductive potentials, all of which allow them
to quickly exploit new conditions and take advantage of new opportunities.(14)
Higher temperatures will generally benefit insects
by accelerating development, expanding current
ranges and increasing over-winter survival rates.(14)
For example, insect pests that are not currently a
problem in much of Canada may migrate northward in a warmer climate. Warmer conditions may
also shorten the outbreak cycles of species such as
the jack pine budworm, resulting in more frequent
outbreaks,(73) and increase the survival of pests like
the mountain pine beetle, that are killed off by very
cold weather in the late fall and early spring.(74)
However, an increase in extreme weather events
may reduce insect survival rates,(14) as may a
decrease in winter snow cover.

Climate change would also have indirect effects on
forest disturbance by pests. For example, extended
drought conditions may increase the sensitivity of
trees to insect defoliation,(3) as would ecosystem
instability caused by species migrations. Projected
increases in anthropogenic emissions (e.g., CO2, O3)
may further reduce tree defences against insects and
diseases.(75, 26) Climate change may also affect insect
outbreaks by altering the abundance of insect enemies, mutualists and competitors. For example,
warmer weather may have differing effects on the
development rates of hosts and parasitoids,(34) as
well as the ranges of predators and prey.(76) This
could alter ecosystem dynamics by reducing the
biological controls on certain pest populations.

Extreme Weather

forest destruction through blowdown. For example,
a heavy storm in New Brunswick in 1994 felled
30 million trees, resulting in losses of $100 million.(81)
Factors such as tree height, whether or not the tree
is alive, and stand density affect whether a tree is
just snapped or completely uprooted by heavy
winds.(82) Wind events may also have consequences for other forest disturbances, such as fires
and insect outbreaks. For example, researchers
have found that spruce beetle reproduction is
favoured in blowdown patches.(83)
A warmer climate may be more conducive to
extreme wind events, although there is much
uncertainty on this issue.(84) Given the localized
nature of these events, and the fact that wind
phenomena are generally poorly understood,
reliable modelling of the frequency of future
wind events is not available at this time.(80)

The frequency and severity of extreme weather
events, such as heavy winds, winter storms
and lightning, are projected to increase due
to climate change.
The impact of extreme climate events on forests
and the forest sector was clearly demonstrated
by the 1998 ice storm that hit eastern Ontario,
southern Quebec and parts of the Maritime
Provinces. Damage from the ice storm in areas
of Quebec was comparable to that of the most
destructive windstorms and hurricanes recorded
anywhere.(77) Long-term economic impacts have
been evident in the maple sugar industry, with
almost 70% of the Canadian production region
affected by the storm.(78) Researchers are still
working to quantify the actual costs.(79) Ice storms
are not uncommon events, but the intensity,
duration and extent of the January 1998 event
was exceptional.(78) Nonetheless, such storms
may become more frequent in association with
milder winters in the future.(3)
Wind damage can result from specific events, such
as tornadoes and downbursts, or from heavy winds
during storms. In the Great Lakes area, downbursts
are a key wind disturbance that can affect thousands
of hectares, with both immediate and long-term
impacts.(80) Heavy winds can also cause large-scale

Social and Economic Impacts
The biophysical impacts of climate change on
forests will translate into many different social and
economic impacts (Table 3), which will affect forest
companies, landowners, consumers, governments
and the tourism industry.(85)
The magnitude of socio-economic impacts, such
as those listed in Table 3, will depend on 1) the
nature and rate of climate change; 2) the response
of forest ecosystems; 3) the sensitivity of communities to the impacts of climate change and also to
mitigation policies introduced to address climate
change; 4) the economic characteristics of the
affected communities; and 5) the adaptive capacity
of the affected group.(86)
Exports of forest products are an important
component of the Canadian economy, valued at
$47.4 billion in 2001.(1) A greater degree of warming
at higher latitudes may mean that Canadian forests
experience greater impacts on productivity as a result
of climate change than forests of many other countries.(87) However, because of uncertainty regarding
the magnitude and even the direction of many of
these impacts, it is extremely difficult to assess
Canada’s future competitive ability in international
markets. If Canadian forests were to experience faster
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TABLE 3: Examples of socio-economic impacts of
climate change (85)

Adaptation

Physical impact

Socio-economic impacts

“Many of the forest management activities required

Changes in forest
productivity

Changes in timber supply and
rent value

to address climate change are already part of

Increased atmospheric
greenhouse gases

Introduction of carbon creditpermit mitigation policies that
create a carbon sequestration
market

current actions. In the context of climate change,
it is the location and intensity of these problems
that will change and challenge the sector’s ability
to cope and adapt.” (92)

Increased disturbances

Loss of forest stock and
non-market goods

Northward shift
of ecozones

Change in land values and land
use options

Change in climate
and ecosystems

Economic restructuring leading
to social and individual stress
and other social pathologies

Ecosystem and
specialist species
changes

Changes in non-market values

Ecosystem changes

Dislocation of parks and
natural areas, increased land
use conflicts

tree growth and greater wood supply(88) and
global timber shortages occur as predicted, due to
population and economic growth,(89) Canada’s forest
industry could benefit. Climate change may require
changes in international trade policies and the pricing of forest products,(90) which are generally based,
at present, on the assumption of a stable climate.
First Nations are extremely concerned about the
impacts of climate change on Canada’s forests.(91)
Since more than 90% of reserves are located on
forested lands, forests play a vital economic and
cultural role for many First Nations communities.(1)
The projected impacts of climate change on forests,
especially with respect to increased disturbances
and species migrations, could threaten the sustainability of some of these communities.
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While individual tree species would respond independently to climate change through migration and
physiological changes, there are many different ways
in which the forest sector may adapt. Some forest
managers may take a ‘wait and see’ approach, dealing with changes as they occur, but a strong case
can and should be made for the importance of
planned adaptation, in which future changes are
anticipated and forestry practices (e.g., silviculture,
harvesting) are adjusted accordingly.
Anticipatory adaptation takes climate change into
account during the planning process. It is especially
important when the rotation periods are long,(93)
as the species selected for planting today must be
able to not only withstand, but hopefully thrive in,
future climates.(94) Although appropriate anticipatory
adaptation should reduce losses from climate
change, uncertainties regarding the timing, location,
and magnitude of future change hinder its inclusion
in forestry management.(95, 96) Uncertainties regarding future changes in precipitation patterns, and the
resultant impacts on productivity and disturbance
regimes, are especially challenging. To address
these issues and encourage the inclusion of
climate change into forestry management decision
making, some suggest the use of model simulations,(93) whereas others advocate increased
communication between researchers and forest
managers (see Box 3).

BOX 3: Promoting adaptation in the
forest industry(97)
Interviews and workshops conducted with representatives from the forest management sector were
used to determine ways to facilitate adaptation to
climate change. Key findings included:
• There is a need for more scientific information
on the impacts of climate change.
• Research results need to be presented at scales
(both space and time) that are relevant to forest
management planning.
• Mechanisms for communicating climate change
information are required.
• Forest managers must be involved in determining
adaptation options.
The overwhelming message was a need for improved
communication between the scientific research and
forest management communities. This is considered
critical to facilitating development of effective
adaptation strategies.

Forest management has a large influence on forest
growth, health and composition.(98) Forests that
are subject to management activities are generally
considered to be less vulnerable to the impacts of
climate change than forests that are not managed,
due to the potential for adaptation.(5) Some characteristics of managed forests may also render them
better able to cope with disturbances. For example,
during the 1998 ice storm, highly managed fruit
trees grown in orchards experienced much less
damage than less structured stands of sugar
maples.(78) Management activities, such as the
use of subsequent salvage cuttings, may also
reduce the degree of long-term damage arising
from disturbances such as ice storms.(99)
Maintaining forest health and biodiversity is an
important adaptation mechanism, which builds
upon existing initiatives for sustainable forest

management, such as those listed in Table 4.
Criteria for sustainable forest management,
as outlined in the Montréal Process of the
United Nations Conference on Environment and
Development, include conservation of biodiversity,
maintenance of forest productivity, maintenance
of forest ecosystem health, and conservation of soil
and water resources.(100) Forests that are managed
for these criteria would generally be less vulnerable
to disturbances and hence more resilient to climate
change. For example, healthy forest stands have
been shown to exhibit a stronger and faster recovery
from insect disturbances than stressed stands,(72)
while the conservation of biodiversity and forest
integrity would aid in successful species migrations.(43)

TABLE 4: Initiatives for sustainable forest management
Program/initiative

Purpose

Canada’s National
Forest Strategy

Presents a strategy for achieving
sustainable forest management
at the national scale

Canadian Standards
Association Forest
Certification System

Evaluates companies and government
agencies with respect to their practice
of sustainable forest management

Forest Management
Agreement

Commits companies to comply with
agreements that allocate volume and
forest management responsibilities
(e.g., replanting, habitat protection)

Sustainable forest management provides a framework into which climate change adaptation can be
effectively incorporated. Potential impacts of both
climate change and climate change adaptations
could be assessed with respect to the sustainability
criteria described above, in much the same way
as managers currently evaluate the impacts of
management activities such as harvest schedules
and building roads. In this way, adaptation options
for climate change can be developed to fit within
existing forest land-use planning systems, rather
than being viewed as a new and separate issue.
In some cases, to help preserve forest sustainability,
forest managers may assist in tree regeneration.
Regeneration may involve replanting native tree

FORESTRY

83

species or introducing new species, including
exotics and hybrids. It has been suggested that
assisted regeneration could be used in the southern boreal forests of western Canada if drier
conditions hinder the ability of conifers to regenerate naturally.(101) In beach pine forests of British
Columbia, genotypes may also need to be redistributed across the landscape in order to maintain
forest productivity in the future.(6) There are many
issues related to the use of non-native species, the
most important of which concerns the potential for
unforeseen consequences, such as accompanying
pest problems or loss of native species due to new
competitive interactions.
Forest managers may also assist in the migration
of forests, by introducing carefully selected tree
species to regions beyond their current ranges. In
cases such as the Boreal Transition Ecozone, forests
may prove to be an ecologically and economically
viable alternative to marginally productive agriculture.(102) New forest cover in this area may be
established through either natural forest succession
or planting of commercial tree species.(102) Similar
to human-assisted regeneration, there are many
concerns regarding assisted migration, due largely
to the potential for unpredictable outcomes.
In some cases, biotechnology may play an important role in adaptation to climate change. For
example, by adding or removing one or more
genes from a species, scientists can develop strains
that are better adapted to specific conditions,
such as droughts, and more resistant to potential
threats, including insect outbreaks and diseases.(103)
Plant hybrids can also be developed with these
goals in mind. Hybrid poplars have been successfully introduced in western Canada.(104)

Dealing with Disturbances
“Losses due to possible forest decline and modified
fire and insect regimes, as well as drought stress in
some areas, could challenge the adaptive capacity
of the industry.” (92)
Adjusting to shifts in disturbance regimes may be
an important aspect of climate change adaptation.
Although focus is generally placed on an increased
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frequency of disturbances, a decrease in disturbances
would also require adaptation. For example, a longer
fire cycle in eastern Canada would increase the
amount of overmature and old-growth stands, which
would require alternative management practices.(59)
Where fire frequency increases, protection priorities
may require adjustments so that burns are prevented
from damaging smaller, high-value areas.(62) Recent
work conducted in the Prairie Provinces promotes
protection of such areas through the use of ‘firesmart landscapes’ (see Box 4). Increased monitoring,
improved early warning systems, enhancing forest
recovery after fire disturbances, and the use of
prescribed burning are other adaptation options
to deal with changes in forest fire regimes.(105)
Prescribed burning has also been recommended as
one potential adaptation option for reducing forest
vulnerability to increased insect outbreaks.(105)
Several other methods to address future insect outbreaks have also been suggested. For example,
nonchemical insecticides can be applied to reduce
leaf mortality from insects, thereby allowing the
trees to still be harvested at a later date.(107)
Another nonchemical insect control option being
investigated is the use of baculoviruses. These
viruses attack specific pest species, such as the
spruce budworm, with minimal consequences for
other species and the environment.(108) Adjusting
harvesting schedules, so that those stands most
vulnerable to insect defoliation would be harvested
preferentially, represents yet another method for
addressing increased insect outbreaks.(107)
Changes in forest fire regimes as a result of climate
change would necessitate adjustments in fire
management systems. Future changes in fire occurrence would affect budgets, staffing, technologies,
equipment needs, warning mechanisms and monitoring systems.(105) Anticipating these changes and
increasing interagency cooperation could help to
minimize costs and ease the transitions.
Studies on the impacts of past extreme climate
events, as well as the response of the forestry sector
to these events, can assist in understanding and
improving the degree of preparedness for the future.
For example, researchers are investigating how the
management of woodlots and plantations can be
used to reduce vulnerability to ice storms,(79) and
are developing decision-support tools to assist forest
managers in dealing with damaged tree stands.(109)

BOX 4: Reducing fire extent with fire-smart landscapes (106)
Many studies suggest that forest fires will increase in future due to climate change. To reduce fire-related losses
in the forestry industry, Hirsch et al.(106) advocate the incorporation of ‘fire-smart landscapes’ into long-term forest
management planning. Fire-smart landscapes use forest management activities, such as harvesting, regeneration
and stand tending, to reduce the intensity and spread of wildfire, as well as fire impacts. For example, species
with low flammability (e.g., aspen) could be planted adjacent to stands of highly flammable, valuable and highly
productive conifers to protect them from large burns. Model simulations suggest that such treatments could
substantially reduce the size of forest fires.

Size of three simulated fires on current (left) and hypothetical fuel treatment landscape (right) after a 22-hour
fire run. Note the reduction in area burned using the ‘fire-smart’ management approach
In addition to reducing losses from forest fires, the study suggests that these fuel treatments may also increase
the total annual allowable cut.

Social, Economic and Political
Considerations
In evaluating adaptation options, it is necessary to
consider the social, economic and political implications of each adaptation. For example, although
relocation of forestry operations in response to
species migrations is commonly cited as an appropriate adaptation option, several factors may limit its
feasibility. Communities, especially First Nations and
Métis, tend to have cultural and economic ties to the
land and may be unwilling, or unable, to relocate. In
addition, moving industrial infrastructure and entire
communities would be expensive, with no guarantee
of subsequent profits, or that cultural ties to the land
would persist in the same way. Furthermore, policies

and agreements limit the mobility of many aboriginal communities, potentially limiting the viability
of relocation as an adaptation option.(85)
An important component of adaptation is determining who will do the adapting. The forest
industry, different levels of governments, communities and individuals would all need to adjust
their practices to deal with the impacts of climate
change on forests. As these groups will perceive
climate change risks and their adaptive capacity
in different ways, adaptive responses will vary.
In some cases, differing perceptions of risk and
adaptation may lead to increased tension between
the various groups. Conflicting priorities and
mandates could also lead to future problems.
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Before implementing adaptation options, the
potential impacts on all stakeholders need to be
considered. For example, although introducing
exotic commercial tree species or hybrids may
be desirable to address some climate change
impacts, it may not be considered socially and/
or ethically acceptable among some or all of
the stakeholders involved.

Knowledge Gaps and
Research Needs
To date, climate change research in Canada related
to forestry has focused primarily on biophysical
impacts, such as growth rates, disturbance
regimes and ecosystem dynamics. Much less
attention has been devoted to socio-economic
impacts and the ability of forest managers to
adapt to climate change. Canadian studies that
have examined adaptation to climate change in
the forestry sector emphasize the importance of
involving forest managers and other stakeholders
throughout the research project, and ensuring
that study results are released in formats that
are relevant and useful for forest managers. This
includes developing recommendations at the
appropriate spatial and temporal scales.
Research needs identified within the literature cited
in this chapter include the following:

Impacts
1) Studies on the long-term interactive effects
of climate and other environmental changes
on forests
2) Better understanding of the capability of tree
species to respond to change through migration,
and the potential consequences for ecosystem
dynamics, communities and the forest industry
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3) Additional work on disturbance regimes, including the interactive impacts of disturbances
(e.g., fire and pests) and the incorporation of
these impacts into models
4) Impacts of climate change on biodiversity, and
the role of biodiversity in ecosystem functions
5) Increased understanding of the potential range
of impacts on market and non-market forest
values, the critical thresholds for change,
and the linkages between science, policy and
forest management
6) The development of methodologies to synthesize
and integrate results of research on the impacts
of climate change on forests

Adaptation
1) Improved understanding of the impacts of
active forest management on ecosystems,
such as the effects of reintroducing species
to disturbed ecosystems
2) Studies focusing on the social and economic
impacts of different adaptation options
3) Studies that explore options to reduce both
short- and long-term vulnerability of forests
to fire and insect disturbances
4) Improved understanding of the adaptive capacity
of forest managers and other stakeholders, as
well as factors that influence decision making
5) Research on new opportunities for forestry,
such as enhancing the commercial value of
forests in northern areas and the potential
role of biotechnology
6) Studies on how climate change can be better
incorporated into long-term forest planning,
including improved communication of knowledge and research

Conclusion
Climate change can cause fundamental changes
in forest ecosystem dynamics. However, results of
numerous studies examining the impact of climate
change on forests vary greatly, depending on the
factors considered and the assumptions made. For
example, studies that incorporate higher temperatures, enhanced CO2 concentrations and increased
precipitation tend to project increased forest productivity. If increased disturbances (fires, insect
outbreaks) and the ecosystem instability induced
by species migrations are included in the study,
negative impacts are usually suggested.
In addition to the direct and indirect impacts of
climate change on forests, other factors, such as
land use changes, will affect the ability of both
forests and the forest industry to adapt. To assess

overall vulnerability, all these factors need to be
considered, as should the capacity to implement
adaptation options. Due to uncertainties in climate
models and our incomplete understanding of
ecosystem processes, it is unlikely that precise
predictions of climate change impacts on forestry
are attainable. This does not constrain our ability
to adapt, but instead emphasizes the need to
maintain or increase forest resiliency. Climate
change should be incorporated into long-term
forest planning, so that potential mismatches
between species and future climatic and disturbance regimes are minimized. These measures
will assist in reducing the vulnerability of forests
to climate change.
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Fisheries

“S

urrounded by the Arctic, Atlantic and Pacific Oceans,
and home to the Great Lakes, Canada is one of the
foremost maritime nations on the planet.”(1)

Fisheries are both economically and culturally
important to Canada. Canada has the world’s
longest coastline, largest offshore economic zone
and largest freshwater system.(2) Over 7 million
people live in Canada’s coastal areas, and the
fisheries industry provided more than 144 000
Canadians with jobs in 1999.(2) For many small
coastal and aboriginal communities, fishing is
more than just a livelihood; it is a way of life.
Canadian fisheries encompass the three oceans
(Atlantic, Pacific and Arctic), as well as the freshwater system. Within each region, commercial,
recreational and subsistence fisheries play a significant, though varying, role. Overall, marine fisheries
account for the greatest landed value of fish ($1.92
billion), with shellfish currently the most valuable
catch (Table 1). Salmon had landed values of more
than $56 million in 2001,(3) and is a vital component of many subsistence and recreational fisheries.
Aquaculture, first introduced to enhance natural
stocks, and is now one of the fastest growing
food production activities in Canada, accounting

TABLE 1: Landed value of fish by species; examples given
represent the top two types in the category (4)
Atlantic

Pacific

Shellfish

$1,026,920,000
(e.g., lobster
and shrimp)

$94,900,000
(e.g., clams
and shrimp)

Groundfish

$170,575,000
(e.g., cod and
turbot)

$115,834,000
(e.g., halibut
and redfish)

Pelagic and
other finfish

$76,281,000
(e.g., herring
and alewife)

$71,341,000
(e.g., skate
and alewife)

Other
marine life

$8,984,000
(e.g., miscellaneous
and lumpfish roe)

$8,800,000
(e.g., miscellaneous)

for 22.5% of Canadian fish and seafood production,
worth $557.9 million in 1999.(2) Recreational fisheries are also economically important to Canada,
contributing $2.4 billion in direct expenditures and
$6.7 billion in indirect expenditures in 2000.(2)
Climatic factors, such as air and water temperature,
and precipitation and wind patterns, strongly influence fish health, productivity and distribution.
Changes such as those associated with a 1.4–5.8°C
increase in global temperature, as have been projected by the Intergovernmental Panel on Climate
Change (IPCC) for the current century,(5) could
have significant impacts on fish populations (e.g.,
references 6, 7). This is because most fish species
have a distinct set of environmental conditions
under which they experience optimal growth,
reproduction and survival. If these conditions
change in response to a changing climate, fish
could be impacted both directly and indirectly.
Some potential impacts include shifts in species
distributions, reduced or enhanced growth, increased
competition from exotic species, greater susceptibility
to disease and/or parasites, and altered ecosystem
function. These changes could eliminate species
from all or part of their present ranges(8, 9) and
would affect sustainable harvests of fish.
Evidence suggests that, in some regions, fisheries
may already be experiencing the effects of climate
change. For example, climate change has been
identified as a potential contributor to declining
salmon stocks on the Pacific coast.(10) In the Arctic,
reports of sockeye and pink salmon captured well
outside their known range may be related to recent
warming trends.(11) Furthermore, recent shifts in
river flows consistent with climate change projections (see ‘Water Resources’ chapter) have been
linked to changes in fish populations in various
regions of the country.
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However, marine and freshwater ecosystems
are complex, and are influenced by a range of
climatic and non climatic parameters. For example,
short-term climatic fluctuations, such as El Niño
events, as well as stressors, including overfishing,
pollution and land-use change, all affect fish physiology, distribution and production. This makes it
difficult to isolate the potential impacts of climate
change on fisheries.(12) Further complicating the
situation are the potential effects of changing
environmental conditions on species interactions,
such as predator-prey and parasite-host relationships, food web structure and competition for
resources.(8) How climate change will affect these
relationships is poorly understood,(6) and adds
considerable uncertainty to impact assessments.
Any thorough assessment of the vulnerability of
fisheries must account for adaptations that would
occur either in response to, or in anticipation of,
climate change. The fisheries sector has demonstrated its ability to adapt to change in the past,
through adjustments in capture methods, marketing
strategies and target species. There is, however, a
limited understanding of both the adaptive capacity
of the fisheries sector with respect to climate
change, and the range and feasibility of potential
adaptation options.(2) Successful adaptation will be
key in minimizing the negative impacts of climate
change, while taking advantage of any new opportunities that may arise.

Previous Work
In their summary of Canadian research as part of
the Canada Country Study, Shuter et al.(13) identified two main categories of climate change impacts
on fish populations: 1) impacts on fish at specific
locations, such as changes in productivity or
health; and 2) impacts on the spatial distribution
of fish populations, such as northward migrations.
The overall projected effects of these changes
on sustainable harvests vary across the country,
as summarized in Table 2.
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TABLE 2: Projected changes in sustainable harvests
in Canada (as summarized in reference 13, a
review of literature published prior to 1998)
Region

Projected change
in sustainable harvest

Atlantic marine

Decrease

Arctic marine

Increase for most species

Pacific marine

Decrease in southern regions (salmon)
Increase in northern regions (salmon)

Southern freshwater

Decrease

Northern freshwater

Increase

In general, the researchers found that northern
regions were expected to benefit, whereas southern
regions could potentially experience decreases in
sustainable harvests. This was due primarily to the
assumption that colder regions would profit more
from longer ice-free periods and warmer growing
seasons. Water temperature, however, is not the
only factor that must be considered in projecting
the impacts of climate change on Canadian fisheries.
Increases in extreme events, changes in circulation
patterns and sea-lake-river ice regimes, and invasions of exotic species must also be included. The
complexity this adds to impact assessments is such
that most predictions for the fisheries sector have
tended to be qualitative in nature, estimating only
whether the impacts will be positive or negative.(13)
Although adaptation has not been extensively
examined in the context of climate change,
adaptation to changing environmental conditions
is not a new concept for the fisheries sector. This
sector has adapted to fluctuating environmental
conditions and fish abundances in the past, and
will continue to do so in the future. Successful
adaptation will be enhanced by continuing efforts
to develop ecosystem-centred strategies that focus
on minimizing the negative impacts of climate
change at the local level, strengthening management
regimes, and reducing vulnerability to other stresses.

Impacts on Fish and Fisheries

climatic forcing has been a key factor regulating
northeastern Pacific salmon stocks over the last
2 200 years.(21)

“Climate variability and change are already
impacting and will increasingly impact Canadian
fish and fisheries.” (2)
The impacts of climate change on fish and
fisheries will result from both biological and
abiotic changes, as well as shifts in the man-made
environment. Changes in water temperature, water
levels, extreme events and diseases, and climatedriven shifts in predator and prey abundances
will all impact Canadian fisheries. Changes in lake
and ocean circulation patterns and vertical mixing
will also be important. However, the limited
understanding of the mechanisms controlling the
behavioural response of fish to climate change,(14)
limitations in data, and the inability of models to
account for the delayed impacts of environmental
variability(15) reduce our ability to project net
impacts at present.

Pacific Coast
In British Columbia, provincial revenues from
commercial fishing, sport fishing, aquaculture and
fish processing exceed $1.7 billion.(16) Over the past
10 years, significant changes have been noted in
the British Columbia marine ecosystem(17) that
may be related to shifts in climate, although other
factors, such as fishing practices, salmon farming,
freshwater habitat destruction, and freshwater
dams and irrigation facilities, have also been
implicated.(18, 19)
In recent years, much of the climate change
research on the Pacific coast has focused on salmon
species, owing to their importance to this region’s
commercial, recreational and subsistence fisheries,
and to the alarming declines in the salmon catch
observed since the late 1980s.(2, 19) Low population
sizes and survival rates of steelhead and coho
salmon have caused significant fisheries reductions
and closures in recent years.(20) In addition, salmon
require at least two different aquatic habitats
(marine and freshwater) over their life cycle, making them susceptible to a wide array of potential
climate impacts, and studies have concluded that

The relationship between water temperature and
salmon is complex, with numerous studies documenting diverse results. Higher temperatures have
been associated with slower growth,(22, 23) enhanced
survival,(24) faster swimming rates,(25) reduced productivity(25) and shifts in salmon distribution.(25)
As water temperatures increase, energy requirements tend to rise, which often reduces growth,
productivity and, ultimately, population size.(23)
Higher water temperatures have also been shown
to decrease salmon spawning success,(26) and to
enhance survival rates by improving the physiological state of the salmon.(24)
Temperature changes will also affect fish indirectly,
through changes in food and nutrient supplies and
predator-prey dynamics. Temperature anomalies
and changes in current patterns have been associated with large changes in the type and seasonal
availability of plankton.(27) Furthermore, higher
surface water temperatures have been shown to
both prevent nutrients from reaching the water
surface(28) and increase the rates of salmon predation by other fishes.(29)
Future climate changes are projected to result in
more variable river flows, with more frequent
flash floods and lower minimum flows (see ‘Water
Resources’ chapter). The timing of peak flows is
also expected to shift due to climate change.(26)
These changes would influence salmon mortality,
passage and habitat. Lower flows may benefit juvenile salmon by reducing mortality and providing
increased habitat refuges.(30) When combined with
higher temperatures in the late summer and fall,
however, lower flows could increase pre-spawning
mortality.(2) An increase in flash flooding could
damage gravel beds used by salmon for spawning.(31) Flooding also has the potential to cause fish
kills from oxygen depletion, owing to the increased
flushing of organic matter into estuaries.(2)
Other climate factors that may significantly affect
west coast salmon populations include synopticscale climate changes and the frequency of extreme
climate events. For example, widespread decreases
in coho marine survival have been shown to
correspond to abrupt changes in the Aleutian Low
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Pressure Index.(32, 33) Other studies have suggested
that recent declines in Pacific steelhead populations
are related to the increased frequency of winter
storms and summer droughts observed during the
1980s and 1990s.(34) These extreme events may
have impacted salmon survival and production
through habitat disruption and loss.
It is important to note that, although most of
the recent literature on the Pacific coast focuses
on salmon, climate change would have implications
for other types of fish. Groundfish and shellfish
are both important economically to the region,
with landed values in 1998 of $115.8 million
and $94.9 million respectively.(4) Changing marine
conditions will have implications for sustainable
harvests, fishing practices and subsistence fisheries.

Atlantic Coast
The fishing industry remains extremely important to
the economy of the Atlantic coast, although its dominance is weakening.(35) Shellfish catches currently
represent the greatest landed value,(4) with aquaculture quickly growing in importance. There are an
estimated 43 000 fishermen in the Atlantic region,
most of whom are highly dependent on the fishing
industry.(35) As is the case for the Pacific coast, the
main climate change issues for the Atlantic fishery
in Canada relate to impacts arising from changes in
ocean temperatures, current, and wind and weather
patterns, as well as increases in extreme events.(36)
Key species of concern include cod, snow crab and
salmon. The impacts of climate change on different
varieties of plankton are also a concern.(2)

BOX 1: Water temperature and Atlantic
Snow Crab (41)
Snow crab, an important component of Atlantic
marine fisheries, are sensitive to climate warming.
This is especially true on the eastern Scotian Shelf
and the Grand Bank of Newfoundland. Researchers
found a strong relationship between water temperature and snow crab reproduction and distribution,
although the relationship was found to depend
on the crab’s stage of development. Some key
findings include:
• Females incubate their eggs for 1 year in waters
warmer than 1°C, as opposed to 2 years in
waters colder than 1°C. This suggests that
females in warmer waters may produce twice
as many eggs as females in colder waters
over their reproductive lifetime.
• The survivorship and long-term growth of
juveniles is optimized at intermediate water
temperatures (0 to +1.5°C).
• The spatial distribution of adolescent and adult
crab is influenced by water temperature. Cooler
waters are occupied by smaller, younger crab,
whereas warmer waters are inhabited by larger,
older crab. No crab, however, were found in
waters exceeding 8°C.

Long-term trends suggest that climate influences
which species of fish are available for harvesting.(37)
While the recent shift in harvesting from groundfish
to shellfish appears to have been driven primarily
by fishing practices, climate is also believed to have
played a role. For example, reduced growth rates
and productivity, resulting from lower than average
water temperatures during the late 1980s and early
1990s, are believed to have contributed to the
decline in groundfish stocks.(38, 39)
It is important to emphasize that the relationships
between water temperature and factors such as
growth rate and productivity are complex, with
different species having different optimal thermal
conditions. Researchers have demonstrated that
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Atlantic snow crab

BOX 2: An increase in toxic algal blooms?(43)
Harmful algal blooms (HABs) are recurrent in
the estuary and Gulf of St. Lawrence in eastern
Canada. There is concern that these blooms
will increase in frequency and intensity due
to climate change.
To determine the role of climate on algal blooms,
Weise et al. (2001) analysed 10 years of hydrological, biological and meteorological data. They found
that rainfall, local river runoff, and wind regime
greatly affected the pattern of bloom development,
with the development of blooms favoured by high
run-off from local tributary rivers, combined with
prolonged periods of low winds. More intense algal
outbreaks were associated with extreme climate
events, such as heavy rainfall. If conditions such
as these become more common in the future, we
can expect to see an increase in the onset and proliferation of toxic algal blooms in eastern Canada.

Image courtesy of L. Bérard

Electron microscope image of Alexandrium tamarense,
an algae responsible for toxic algal blooms

snow crab, for example, are particularly sensitive
to changing environmental conditions, and that
changes in water temperatures affect their reproduction and distribution (see Box 1). Another
example is the observation that egg survival,
hatch rate and initial hatch size of winter
flounder tend to be higher in cooler waters, leading
researchers to suggest that in some regions, recent
increases in water temperatures have contributed to
observed declines in the abundance of the fish.(40)
Higher water temperatures, an increase in sea
level and changes in salinity could all affect marine
pathogens,(42) resulting in changes in the distribution and significance of certain marine diseases.
This is supported by historical observations, such
as the northward extension in the range of eastern
oyster disease along the American coast during
the mid-1980s as the result of a winter warming
trend.(42) Conversely, some diseases of salmon
have been shown to decrease or even disappear
at higher temperatures.(42)
Another concern for Atlantic fisheries is a
potential increase in toxic algal blooms.(43)
Researchers believe that climate warming may
stimulate the growth and extend the range of the
organisms responsible for toxic algal blooms, such
as red tides (see Box 2). These blooms threaten
shellfish populations through both lethal effects
and chronic impacts. Aquaculture operations are
particularly sensitive to toxic algal blooms because
they operate in a fixed location. Clams are generally more affected than other shellfish, such as
lobster, shrimp and scallops. Exposure to the
toxins may negatively affect fish habitat, behaviour,
susceptibility to disease, feeding ability and reproduction.(44) Infected shellfish are also a danger to
human health, potentially resulting in paralytic
shellfish poisoning.
The impacts of climate change on Atlantic salmon
are similar to those described for Pacific salmon.
During their time in freshwater, Atlantic salmon
are sensitive to changes in both river water temperatures and flow regimes (see Box 3). Changes in
temperature have been shown to significantly affect
sustainable harvests and fishing practices. For
example, researchers studying the influence of
water temperatures on recreational salmon fisheries
in Newfoundland’s rivers found that, between 1975
and 1999, about 28% of rivers were temporarily
closed each year due to warm water temperatures
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BOX 3: How will climate change affect juvenile
Atlantic salmon?(46)
Atlantic salmon are cold-water species, and
warmer waters resulting from future climate
change could negatively impact fish growth,
increase susceptibility to disease and infection,
increase mortality rates, and decrease the availability of suitable habitat. New Brunswick’s
Miramichi River is located near the southern
limit of Atlantic salmon distribution, and hence
its populations are very sensitive to changes in
both water temperature and streamflow. Modelling
suggests that climate change could increase river
water temperatures by 2 to 5°C, and produce more
extreme low flow conditions.
Using 30 years of data, Swansberg and El Jabi
(2001) examined the relationships between climate,
hydrological parameters, and the fork length of
juvenile salmon in the Miramichi River. Fork length
is an indicator of growth, which also affects competition, predation, smoltification, and marine
survival of salmon. In association with the warming
observed over the time period studied, fork length
of juvenile salmon parr was found to have declined
significantly. Researchers have therefore suggested
that future climate change will adversely affect the
growth of juvenile salmon in the Miramichi River.

Image courtesy of Atlantic Salmon Federation
and G. van Ryckevorsel

Atlantic salmon
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or low water levels.(45) In some years, more than
70% of rivers were affected. These closures led to a
loss of 35 to 65% of potential fishing days in some
regions, the worst period being between 1995
and 1999. The researchers concluded that climate
change may increase the frequency of closures,
and potentially decrease the economic importance
of recreational fishing in Newfoundland.(45)
While it is broadly acknowledged that changes in
the intensity and frequency of extreme events have
the potential to impact marine fisheries, relatively
few studies have addressed this issue. A recent
study, examining the impact of summer drought
and flood events in the Sainte-Marguerite River system of eastern Quebec, concluded that these events
influence the average size of salmon at the end of
the summer through selective mortality of salmon
fry.(47) During drought, mortality rates were higher
in smaller salmon fry, whereas during floods,
greater mortality rates were recorded among larger
fry. However, other studies suggest that salmon are
relatively resilient to flood events.(48) In a study of
New Brunswick streams, average feeding rates and
long-term growth were determined to not be significantly reduced by flooding, despite temporary
reductions in juvenile salmon growth in response
to specific flood events.(48)
Aquaculture is generally considered to be relatively
adaptable to climate change, and is even recognized
as a potential adaptation to help fisheries cope with
the impacts of climate change. On a global basis,
aquaculture production has been steadily increasing
since 1990 and is expected to surpass capture harvests by 2030.(8) Nonetheless, the aquaculture
industry is concerned about how an increase in
extreme events and shifts in wind patterns could
affect the flushing of wastes and nutrients between
farm sites and the ocean.(37) Furthermore, higher
water temperatures may increase the risk of disease
and compromise water quality by affecting bacteria
levels, dissolved oxygen concentrations and algal
blooms.(8) Climate change may also affect the type
of species farmed, with water temperatures becoming too warm for the culture of certain species, yet
better suited for others.
The impacts of climate change on coastal wetlands
could also significantly affect Atlantic fisheries, as
salt marshes are an important source of organic
matter for coastal fisheries and provide vital fish
habitat. Researchers have found that increasing

rates of sea level rise as a result of climate
change could threaten many of these marshes
(reference 49; see ‘Coastal Zone’ chapter), with
resultant consequences for fish productivity.

Arctic Coast
Future climate change is expected to impact
many aspects of life in northern Canada, including
fishing practices.(2) Though not of the same economic magnitude as the fisheries of the Atlantic
and Pacific coasts, Arctic fisheries are important
for subsistence, sport and commercial activities,
as well as for conservation values.(50) There is
growing recognition that recent changes in climate
are already impacting fish and marine mammals,
and that these changes are, in turn, impacting
subsistence activities and traditional ways of life.
For example, there have been reports from the
Northwest Territories of salmon capture outside
of known species ranges, such as sockeye and
pink salmon in Sachs Harbour, and coho salmon
in Great Bear Lake,(11) that may be early evidence
that distributions are shifting.(13) In Sachs Harbour,
recent warming and increased variability in spring
weather have shortened the fishing season by limiting access to fishing camps, and local residents
have noted changes in fish and seal availability.(51)
Some of the most significant impacts of climate
change on Arctic marine ecosystems are expected
to result from changes in sea-ice cover (see ‘Coastal
Zone’ chapter). Using satellite and/or surface-based
observations, several studies have documented significant reductions in the extent of sea ice over the
past three to four decades (e.g., reference 52), with
up to a 9% decline in the extent of perennial sea
ice per decade between 1978 and 1998.(53) Although
significant decreases in the thickness of Arctic
Ocean sea ice, on the order of 40% over past
three decades, have also been reported,(54) some
researchers believe that the observed decrease
likely relates to sea ice dynamics and distribution,
rather than a basin-wide thinning.(55) However,
most climate models project that both the extent
and thickness of sea ice will continue to decline
throughout the present century,(52) eventually leading to an Arctic with only a very limited summer
sea-ice cover.(53, 56, 57)

Sea ice is a major control on the interactions
between marine and terrestrial ecosystems, and
the undersurface of sea ice is a growth site for the
algae and invertebrates that sustain the marine
food web.(58) Some studies suggest that a decrease
in sea ice could threaten Arctic cod stocks because
their distribution and diet are highly dependent on
ice conditions.(59) However, a decrease in sea ice
could, in the short term, increase the number and
extent of highly productive polynyas (areas of recurrent open water enclosed by sea ice),(13) enabling
some species to benefit from an increase in food
supply. Fishing practices would also be impacted
by changes in the extent, thickness and predictability
of sea-ice cover. Changes in sea-ice conditions would
affect the length of the fishing season, the safety of
using sea-ice as a hunting platform, and potentially
alter the fish species available for harvesting.
Marine mammals, including polar bears, seals
and whales, which contribute significantly to the
subsistence diets and incomes of many northerners,
are known to be sensitive to climate change. For
example, polar bears are directly and indirectly
affected by changes in temperature and sea-ice
conditions, with populations located near the
southern limit of their species distribution being
especially sensitive.(60) For example, observed
declines in bear condition and births in the western
Hudson Bay region have been associated with
recent warming trends, which have caused earlier
ice break-up, thereby restricting access to the seals
that are a critical source of nutrition for the
bears.(60, 61) Seals, in turn, may be affected by
reduced predation,(58) as well as by habitat degradation or loss.(59)
Other marine mammals would also be impacted by
changes in sea-ice conditions.(59) Reductions in the
extent of sea-ice could result in decreased amounts
of sub-ice and ice-edge phytoplankton, a key source
of food for the copepods and fish, such as Arctic
cod, that provide nutrition for narwhal and beluga
whales.(62) Conversely, a decrease in ice cover
could enhance primary production in open water,
and thereby increase food supply. In the winter,
the risk of ice entrapment of whales may increase,
whereas decreased ice cover on summer nursery
grounds may increase rates of predation.(63) Finally,
decreased ice cover would likely result in increased
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use of marine channels for shipping, which could
have negative impacts on marine ecosystems as a
result of increased noise and pollution.(62)

Freshwater Fisheries
Canada has the world’s largest freshwater system,
with over 2 million lakes and rivers that cover
more than 755 000 square kilometres.(2)
For freshwater fisheries, changes in water temperature, species distributions and habitat quality are
the main direct impacts expected to result from climate change. As is the case with marine fisheries,
it is important to recognize that the effects of nonclimatic ecosystem stresses will continue to impact
fisheries, making it important to understand how
climate change will interact with these stressors.
For freshwater fisheries, these stressors include
land-use change, water withdrawals(64) and the
introduction of non-native species.(65) Inland fisheries will also face additional challenges stemming
from increased competition for water between
sectors, as supply-demand mismatches become
more common due to climate change (see ‘Water
Resources’ chapter).
Higher temperatures will affect different freshwater
fish species in different ways. The magnitude of
potential temperature changes in freshwater sites
is significantly greater than that for marine environments. Fish are commonly divided into three guilds
(cold, cool and warm water), based on the optimal
thermal habitats around which their thermal niche
is centred. A fourth guild, for Arctic fish that prefer
even lower temperatures, has also been suggested.(13) Both laboratory and field research support
the conclusion that warm-water fish, such as sturgeon and bass, generally benefit from increased
water temperatures, whereas cold-water fish like
trout and salmon tend to suffer (e.g., reference 13).
For instance, a 2°C increase in water temperature
was found to reduce the growth rate,(66) survival(67)
and reproductive success(68) of rainbow trout.
In contrast, higher temperatures were found to
increase population growth of lake sturgeon.(69)
Climate change will also impact freshwater fisheries through its effects on water levels (reference
70, see ‘Water Resources’ chapter). Lower water
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levels in the Great Lakes, resulting from increased
evaporation and shifts in surface-water and groundwater flow patterns, would threaten shoreline
wetlands that provide vital fish habitat and fish
nursery grounds.(71) In the St. Lawrence River,
lower water levels would expose new substrate,
and may facilitate the invasion of exotic and/or
aggressive aquatic plant species.(72) Lower water
levels in lakes on the Prairies have been shown
to result in increased salinity, and have significant
effects on aquatic organisms.(73)
Shifts in seasonal ice cover(74, 75, 76, 77) and extreme
climate events would also be an important result of
climate change. Ice cover affects lake productivity
by controlling light availability and dissolved oxygen concentrations. Dissolved oxygen levels decline
progressively through the ice-cover period, and can
drop to levels that are lethal for fish. A decrease in
duration of ice cover could therefore reduce
overwinter fish mortality from winterkill.(78)
Temperature extremes, high winds, extreme
precipitation and storm events have all been shown
to impact the growth, reproduction and metabolism
of fish species.(79) Increases in the intensity or
frequency of such events as a result of climate
change could substantially increase fish mortality
in some lakes.(79)
Climate change is expected to alter the regions of
suitable habitat for fish,(73) both within lakes and
within or between drainage basins. Within many
lakes, there exists a range of thermal habitats due
to seasonal stratification (e.g., a warm surface layer
and cooler deep waters). The timing and size of the
different thermal zones are strongly influenced by
climatic conditions (see Box 4), as well as by the
characteristics of the lake. For example, studies
have found that clear lakes are more sensitive to
climate warming than lakes where light penetration
is more limited.(80) Climate change could potentially
result in earlier onset of stratification,(81) an extended
summer stratification period(77) and changes in
the volume of each of the various layers.(73) These
changes could, in turn, alter the dominant species
found in a lake and potentially cause the extirpation
of certain fish species.(82)
Climate change would also result in shifts in the
distribution of fish species. It has been suggested
that the warming associated with a doubling of
atmospheric CO2 could cause the zoogeographical
boundary for freshwater fish species to move

BOX 4: How will lake stratification affect changing
water temperatures?(82)
Climate change is expected to affect both the size
and temperature of the different thermal zones in
lakes. Spatial and temporal shifts in thermal niche
space are expected to affect the feeding patterns,
productivity and reproduction of such fish as
yellow perch and lake trout.
The surface layer will warm in response to higher air
temperatures, but there is less certainty concerning
how the deeper layers would be affected.
To address this issue, Hesslein et al. (2001) applied
a modelling approach and concluded that the deeper
layers would warm primarily through increased penetration of solar radiation due to an increase in lake
clarity. Lake clarity could be altered by changes
in runoff from surrounding lands resulting from
changes in precipitation. Changes in lake clarity
are expected to be most significant in shallow lakes.
Warm surface water
(epilimnion)
Transition zone—temperature
drops quickly with depth
(metalimnion)
Cool bottom waters
(hypolimnion)

Diagram of a stratified lake
northward by 500 to 600 kilometres,(70) assuming
that fish are able to adapt successfully. A number
of factors could impede this shift, including a lack
of viable migration routes and warmer waters that
isolate fish in confined headwaters.(65) Such
changes in species distribution would affect the
sustainable harvests of fish in lakes and rivers.
Additional stress would be added to aquatic ecosystems by the invasion of new and exotic species.
For example, it is expected that warm-water fish
will migrate to regions currently occupied by cooland cold-water fish. In the Great Lakes, exotic
species are expected to continue to be introduced
through ballast waters discharged from freighters.(83)

As most of these species originate from warmer
waters of the Ponto-Caspian region, their competitive
advantage over the native cold-water species of the
Great Lakes should increase, as lake waters warm in
response to climate change.(73) As well as increasing
fish extirpations,(70) the introduction of new species
can also have significant effects on aquatic food
webs and ecosystem functioning.(84)
Climate change could also impact fisheries through
exacerbating existing water quality problems (see
‘Water Resources’ chapter). For example, although
fish contamination from metals has always been a
concern in the Arctic, new evidence suggests that
warming may worsen the situation by enhancing
the uptake of heavy metals by fish. Elevated accumulations of cadmium and lead in Arctic char have
been attributed to higher fish metabolic rates,
induced by higher water temperatures, and longer
ice-free seasons (reference 85; see ‘Human Health
and Well-Being’ chapter). Poor water quality can
impact fisheries by displacing fish populations,
causing large fish kills or rendering fish unsafe
for consumption.
A large number of studies show that climatic factors,
including temperature and drought, are important
controls on water acidity and a wide range of biological and geochemical processes.(75, 86, 87, 88, 89) For
example, higher water temperatures have been
shown to increase microbiological activity, which
enhances the release of metals from the substrate
to the water.(88) As fish tend to be well adapted to a
certain range of environmental conditions, shifts in
any of these factors could cause stress and higher
mortality rates in certain fish species.

Adaptation
“Sustainable fisheries management will require
timely and accurate scientific information on the
environmental conditions that affect fish stocks
and institutional flexibility to respond quickly
to such information.”(90)
While the adaptive capacity of the Canadian
fisheries sector with respect to climate change is
generally poorly understood,(2) there is growing
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recognition of the need to anticipate and prepare
for potential changes, and increased realization
that present-day decisions will affect future
vulnerabilities. There are many different adaptation
options available to the fisheries sector, most of
which are modelled on actions that were taken
in response to non-climate stresses on the sector
in the past.(13)
While many stakeholders in the fisheries sector
appear concerned about climate change, they tend
to be generally optimistic regarding their adaptation
capabilities.(51, 91) However, this presumes that
changes are gradual and predictable, which may
not be the case. A major challenge for regulators,
fishers and other stakeholders will be adjusting
their policies and practices in an appropriate and
timely manner to deal with shifts in fish species
distribution and relative abundance in response
to climate change.
There is evidence that marine ecosystems are
relatively resilient to changes in the environment,(8)
and that freshwater fish will adjust their habitat
and range to deal with changes in temperature
regime.(70) However, there are concerns that the
rate of future climate change may overwhelm the
ability of natural systems to adapt.(63) In addition,
species can differ greatly in their adaptive capacity.
For example, mobile species, such as fish, swimming crabs and shrimp, should be able to quickly
migrate to more suitable habitat in response to
higher temperatures, whereas other, less mobile
species like clams and oysters will require more
time.(8) Life-cycle characteristics may also affect
the resilience of different fish species. Species with
longer life spans are better able to persist through
conditions that are less favourable for reproduction,(92) whereas species with higher reproductive
rates and faster maturity rates are more likely to
recover from prolonged population decline.(93)

adaptation options, which will benefit fisheries
irrespective of climate change.
The ability to identify where changes are occurring
is particularly important with respect to adjusting
guidelines for the allowable sustainable catch of
various fish species. Monitoring for climate-induced
changes will help fishery managers and governments
to determine which species may require enhanced
protection, and which species are appropriate for
fishing. For example, as lake temperatures increase
in certain Ontario lakes, warm-water fish may
become more suited to angling than cold-water
fish (see Box 5). To enhance and protect fish
habitat along marine coasts, some regions could
be designated as marine protected areas.(95) To
be most effective, future changes in climate must
be considered when designating such areas.
Regulatory regimes can also significantly affect the
ability of fishers to adapt to changing conditions.
At present, commercial licenses provide fishers with
the right to catch specific species, in specific waters.
In order to shift to a different species, or a different
location, approval would be required, as may a
new fishing license. Current regulatory regimes may
therefore need to be re-evaluated in the context of
climate change, and adjusted accordingly.
Many small communities are highly reliant on
fisheries, and could be greatly affected by changes
in sustainable harvests induced by climate change.
A conservation-oriented approach to fisheries
management (e.g., reference 50, 97) considers
biological and environmental factors, as well as
social and economic values,(97) and aims to actively
involve fishers and other stakeholders. Fisheries
and Oceans Canada is currently developing a policy
framework through the Atlantic Fisheries Policy
Review (AFPR), based on these principles.

Aquaculture
Facilitating Adaptation
Fisheries managers and others can help enhance
the adaptive capacity of both fish species and the
fisheries sector by reducing non-climatic stresses
on fish populations, such as pollution, fishing
pressures and habitat degradation.(94) Maintaining
genetic and age diversity in fish sub-populations
is also important. These are considered ‘no-regrets’
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The aquaculture industry is generally confident of
its ability to adapt to changing conditions, and
believes that it may be able to benefit from longer
growing seasons and increased harvest areas.(98)
Proposed adaptation strategies related to climate
change include introducing closed farming systems,
and using excess tanker ship capacity to raise fish
in an isolated, controlled environment.(98)

BOX 5: Adapting sport fishing to climate change (96)
Sport fishing is a popular activity that attracts
tourists and generates significant revenues in
many parts of Canada. Increased water temperatures may adversely affect certain populations
of sport fish, and cause significant changes in
sustained yield (see figure below).
To address this issue within Ontario, Shuter et al.
(2001) have suggested that fisheries managers
look for trade-off options, between cold, cool, and
warm water fishery components. For instance, in
regions where cold-water species, such as brook
trout, are expected to decline, fisheries managers
could shift recreational fishing to warm-water
species such as perch, which is expected to benefit
from climate warming. This adaptation option may
increase the resilience of the sport fishing industry,
and reduce any potential losses resulting from
climate change.

Relative changes in maximum sustained yield of
walleye in Ontario under a 2xCO2 climate change
scenario. Note the general decrease in maximum
sustained yield in the south of the province, and
increase in the central and northern regions.

There are, however, environmental and social
considerations that may limit the ability of the
aquaculture industry to respond rapidly to climate
change (e.g., see references 18, 99). Aquaculture is
strictly regulated, meaning that it is generally neither
simple nor efficient for existing operations to move
to new locations or change the type of fish being
farmed. As a result there is a need to emphasize
planned, anticipatory adaptation responses to climate
change. The fact that the aquaculture industry on
the Pacific coast has expressed interest in having
new locations selected and pre-approved for various
climate change scenarios(98) is an example that this
need has been recognized.

Research and Communication
To enhance the adaptive capacity of the fisheries
sector, there is a need to increase stakeholder participation in decision making, improve the quality
of information available to the public, create
easily accessible data sets, and increase the lines
of communication between industry, government,
scientific researchers, coastal communities and the
general public.(2) The Internet has been suggested
as an appropriate tool for the dissemination
of information,(60) although more conventional
methods, such as workshops and town meetings,
may also be appropriate.
Improved communication will also help facilitate
effective research collaborations between scientists,
government, traditional resource users and the general public.(60) Research collaborations can address
regional issues (see Box 6), or national or international concerns.(100) For these collaborations to be
successful, and for research to influence future directions and decisions, stakeholders must be included
throughout the research process. A challenge to
both researchers and policy-makers is ensuring
that science results are effectively incorporated
into the policy-making process (e.g., reference 101).
Modelling of marine ecosystems is still a relatively
new area of research, and future studies could
contribute significantly to the development of
appropriate adaptation strategies. Recommendations
for improving modelling studies include research
to better define the linkages between species
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BOX 6: Facilitating collaborations in the Boreal
shield region(102)
Aquatic research in the Boreal shield ecozone has
been ongoing for the past several decades. Indeed,
there are a number of world-class research sites
with past and current activities in this region.
Therefore, there is a wealth of data, information
and knowledge available to apply to climate
change research. To best capitalize on this opportunity, communication and collaborations between
the research sites are necessary. Arnott et al. (2001)
organized a workshop though which they developed
a framework for coordinating studies on climate
change impacts, and helped establish strong
linkages between researchers. Since the workshop,
a network coordinating institute has been established and several collaborative projects have
been initiated.

and the environment, and improving cooperation
between researchers from different disciplines.(15)
Incorporating the local knowledge of fishers
and fishery managers is also important.(14)

Knowledge Gaps and
Research Needs
Uncertainties concerning the impacts of climate
change on Canadian fisheries, and potential adaptation options, are numerous. Marine ecosystems are
extremely complex, and further research is needed
to improve understanding of both the underlying
processes affecting fish biodiversity, distribution and
abundance, and their response to climate change. For
instance, a stronger understanding of the relationships between aquatic habitat and fish populations,
as well as the linkages between climate parameters
and aquatic habitat is required. Although freshwater
ecosystems tend to be better understood than marine
environments, there remain many uncertainties.
Adaptation, though not a new concept for the fisheries sector, needs to be more thoroughly examined in
the context of climate change and current regulatory
regimes. Emerging issues, including interjurisdictional resource management within a changing
climate, need to be addressed and results should be
incorporated into domestic licensing policies and
international treaties (e.g., references 2, 103). Some
key recommendations, as identified in the studies
referenced in this chapter, include the following:

Impacts
1) Improved monitoring and prediction of the
impacts of climate change on species and
ecosystems
Photo courtesy of NRCan Photo Database

2) Research on the impacts of rapid climate change
and extreme events on the fisheries sector
3) Improved incorporation of local knowledge into
impact assessments
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4) Research focusing on impacts of changes in
ocean conditions, such as ocean circulation
and sea ice, on fish
5) Studies that address the socio-economic
consequences of climate change for marine
and freshwater fisheries

Adaptation
1) Methodologies for improving communication
and collaboration between scientists, policymakers and stakeholders
2) Investigations into the best methods to increase
the resilience of fishery systems and improve
their ability to respond to change
3) Studies on the role of aquaculture in adapting
to climate change
4) Development of adaptation models that incorporate the knowledge of scientists, fishery
managers and fishers
5) Research targeted to assist the development
of policies and programs that will help coastal
communities deal with potential fish expansions
and contractions

Conclusion
The significant impacts of past changes in climate
on marine and freshwater ecosystems indicate that
future climate change will impact Canadian fisheries. Fish and other aquatic species are sensitive
to environmental conditions and will respond to
changes in air and water temperature, precipitation,
water circulation, ice cover, and other climaticallycontrolled factors. We can expect to see changes in
species distributions, fish growth, the susceptibility
of fish to disease, and competitive interactions
between species. As a result, sustainable harvests
of fish will be impacted across the country.
However, isolating the impacts of climate change
from other stresses affecting fisheries is difficult.
Furthermore, even direct associations between
such variables as water temperature and fish
are often complex in nature.
Adaptation will be required to reduce the vulnerability of the fisheries sector. Climate change can
be incorporated into fisheries risk management,
even as researchers and stakeholders continue to
improve our understanding of aquatic ecosystems
and their response to change. Given present uncertainties about the nature of future climate changes,
emphasis should be placed on management and
conservation activities that promote resource sustainability and habitat preservation, and help to
ensure a range of healthy sub-populations of fish
species over wide areas. Improving the accessibility
and availability of information through increased
research and communication, and enhancing
the flexibility and resilience of the sector are
also important components of addressing
climate change.
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Coastal Zone

“R

oughly seven million Canadians live in coastal areas,
where many people in smaller communities depend on
the oceans’ resources and tourism to make a living.”(1)

Canada has more than 240 000 kilometres of ocean
shoreline, more than any other country in the
world.(2) The coastal zone, broadly defined as nearcoast waters and the adjacent land area, forms a
dynamic interface of land and water of high ecological diversity and critical economic importance.(3)
Estuaries, beaches, dunes, wetlands and intertidal
and nearshore zones support a diverse range of
marine and terrestrial species and are key areas for
fisheries and recreation. Coastal infrastructure is
essential for trade, transportation and tourism, and
is the lifeblood of many coastal municipalities. A
similar interface extends along the shores of large
lakes; for that reason, the Great Lakes, in particular,
are often included in discussions of Canada’s coastal
zone.(4) Comparable issues also arise in areas adjacent
to other large Canadian lakes (e.g., reference 5).
Climate changes of the magnitude projected for the
present century by the Intergovernmental Panel on
Climate Change (IPCC) would impact the coastal
zone in many ways. These include changes in
water levels, wave patterns, the magnitude of storm
surges, and the duration and thickness of seasonal
ice coverage.(3) Emphasis is commonly placed on
water level changes because these would be extensive, though variable, throughout the coastal zone.
Mean global sea level rise, resulting from thermal
expansion of ocean waters and increased melting of
glaciers and ice caps, will be the primary influence
for water level changes along marine coasts.(6,7)
Water level changes along the shores of large lakes
would relate to changes in regional precipitation
and evaporation. For the Great Lakes, water levels
are projected to decline over the coming decades as
a result of climate change (reference 8; see ‘Water
Resources’ chapter).
Although there is strong scientific agreement that
mean global sea level will continue to rise throughout
and beyond the present century, there remains uncertainty regarding the magnitude of this change. Using a
range of emission scenarios, the IPCC projects that

global average sea level will rise between 9 and
88 centimetres in the period 1990 to 2100.(7) This
large range reflects both the output of future temperature scenarios and gaps in our knowledge of ocean
and hydrological processes.(7) It is also important to
recognize that sea level rise will continue, and perhaps accelerate, in the following century due to the
lag time between atmospheric temperature increases
and ocean heating and glacier melting.
From an impacts and adaptation perspective, it is
local changes in relative sea level that are important, and these can differ significantly from global
changes. In addition to changes in climate, regional
sea level changes are affected by geological processes
of the Earth’s crust and mantle that alter the relative position of land and sea. Changes in currents,
upwelling, tidal range and other oceanic processes
also influence relative sea level at the local level.
For significant parts of Canada’s Arctic coasts, sea
level is currently falling in response to geological
processes, whereas sea level is currently rising in
other areas, including much of the Atlantic and
Beaufort Sea coasts.(9) The total amount of sea level
change experienced at a particular location is a
combination of all of these factors. Hence, not all
areas of the country will experience the same rate
of future sea level change.
An initial assessment of the sensitivity of Canada’s
coasts to sea level rise was presented by Shaw
et al.,(10) who concluded that more than 7 000 kilometres of coastline are highly sensitive, including
much of the Maritime Provinces, a large part of the
Beaufort Sea coast and the Fraser Delta region of
British Columbia (Figure 1). Sensitivity is influenced
by a variety of factors, including the geological characteristics of the shoreline (e.g., rock type, relief,
coastal landforms) and ocean processes (e.g., tidal
range, wave height). Whether the coastline is
emerging or submerging at present is also extremely
important in determining sensitivity to future
climate changes.
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FIGURE 1: Sensitivity of Canada’s marine coasts to sea level rise (9)

The main physical impact of accelerated sea level
rise would be an intensification of the rates of shoreline change that occur in the coastal zone at present.
Processes such as beach erosion and retreat, bluff erosion and landward migration of barrier islands would
continue, although more rapidly and extensively.(9)
Other major concerns include the inundation of
coastal lowlands and an increase in storm-surge
flooding. These changes could result in a suite of
biophysical and socio-economic impacts on the
coastal zone (Figure 2) that would ultimately impact
a range of sectors, including fisheries, transportation,
tourism and recreation, and communities.
The decline of Great Lakes water levels as a result
of climate change would significantly impact
coastal communities, infrastructure and activities.
While some impacts may be beneficial (e.g., wider
beaches, less flooding), many will be negative.
For example, lower lake levels could necessitate
increased dredging of marinas and ports, reduce
shipping opportunities and affect water supplies
of shoreline municipalities.(11)
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Human response and our capacity to adapt will
play a large role in determining the vulnerability
of the coastal zone to climate change. This chapter
examines the potential impacts of climate change
on Canada’s marine and Great Lakes coastal
regions, focusing primarily on issues related to
infrastructure and communities. The discussion of
potential adaptation options highlights the complexity of issues facing resource managers and
communities in this unique setting. Reflecting the
literature available, emphasis is placed on physical
impacts, while recognizing the need for increased
research on the potential social and economic
impacts of climate change. The wide range of biological and ecological concerns that climate change
could present for the coastal zone are discussed
primarily in the ‘Fisheries’ chapter of this report.

FIGURE 2: Potential biophysical and socioeconomic impacts of climate change in the coastal zone
(modified from reference 3 )
Climate change
and
sea level rise

BIOPHYSICAL IMPACTS
• More extensive coastal inundation
• Increased coastal erosion
• Saltwater intrusion into freshwater aquifers
• Reduced sea-ice cover
• Higher storm-surge flooding
• Higher sea surface temperatures
• Loss of coastal habitat

SOCIO-ECONOMIC IMPACTS
• Damage to coastal infrastructure, including
that used for transportation and recreation
• Increased length of shipping season
• Increased property loss
• Increased risk of disease
• Increased flood risks and potential loss of life
• Changes in renewable and subsistence resources
(e.g., fisheries)
• Loss of cultural resources and values

Previous Work
“Climate changes may have significant impacts
on coastal stability, flood and storm hazards,
and socio-economic activity or investment in
the coastal zone.”(12)
As part of the Canada Country Study, coastal zone
issues were addressed in the regional chapters of
Atlantic Canada,(12) British Columbia,(13) the Arctic(6)
and Ontario.(14) These chapters served to broadly
define the potential impacts of climate change. The
key findings of each with respect to the coastal
zone are summarized below.
Sea level rise is a significant concern in Atlantic
Canada, where most of the coast has been undergoing slow submergence for several thousand years
due to non-climate factors.(12) Global climate change
would serve to accelerate the rate of sea level rise.

Major potential impacts include accelerated shoreline changes, flood hazards, storm damage and
associated property loss, with utility (e.g., oil and
gas) infrastructure and port facilities recognized
as being particularly sensitive.(12) Communities
vulnerable at present to coastal erosion and stormrelated flood and/or surge impacts would be at
highest risk.
In the Canadian Arctic, higher air and water temperatures would lead to longer open water seasons
and larger areas of open water, which in turn could
result in intensified wave development, more frequent storm surges and increased coastal erosion
and flooding.(6) This would result in reduced
coastal stability, which could be accelerated in
some areas by permafrost degradation in the terrestrial component of the coastal zone. These impacts
are expected to be most pronounced along the
Beaufort Sea coast, including the Mackenzie Delta
and Tuktoyaktuk Peninsula, where relative sea level
is rising at present.(6)
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On some reaches of Canada’s west coast, climate
change could result in increased erosion and/or
sedimentation, as well as flooding of low-lying
areas. Other potential impacts include loss of
wetlands, changes in species distribution and
abundance, and altered ecosystem structure. There
also exists the potential for significant economic
costs related to protecting coastal communities
and beach nourishment, particularly in the greater
Vancouver region.(13)
In the Great Lakes, average water levels could
decline to record low levels during the latter part
of this century.(14) A drop in water levels would
adversely affect commercial navigation and shore
facilities by increasing the operating costs for
ports and shipping channels in the Great Lakes–
St. Lawrence Seaway system. Furthermore, changes
in water temperatures, extent of seasonal ice cover
and storminess would impact shoreline changes,
ecosystems, infrastructure, and tourism and recreation in the Great Lakes coastal region.
Discussion of adaptation to climate change along
marine coasts in the Canada Country Study centred
around strategies of retreat, accommodation and
protection, as promoted by the IPCC.(12, 13) In most
cases, impacts could be reduced by retreat or
accommodation, whereas protection may require
significant investment that may only be justifiable
where significant fixed infrastructure is at risk.(12)
Examples of these three strategies are discussed
later in this chapter.

Impacts
Building on the research summarized in the Canada
Country Study, much of the recent climate change
research in the coastal zone has involved more
detailed assessment of vulnerabilities related to specific locations, often through the use of case studies.

Impacts on the Marine Coasts
“Many coastal areas will experience increased
levels of flooding, accelerated erosion, loss of
wetlands…, and seawater intrusion into freshwater
sources as a result of climate change.”(15)
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The impacts of climate change on Canada’s three
marine coasts will result primarily from changes in
sea level and the extent and severity of storms.(3)
Increased wave energy, reduced sea-ice cover,
increased ground temperatures and enhanced
storm-surge activity would also contribute to the net
impacts, with significant implications for coastal
settlements and infrastructure.(3) In general, climate
change is expected to exacerbate existing hazards
throughout the coastal zone.(16)

Atlantic Coast
“In the Maritimes, rising water levels could impact
a wide range of human structures and activities…
flooding and dyke breaching in the Bay of Fundy
is of particular concern.”(17)
The analysis of Shaw et al.(9) identified more than
80% of the coastlines of Nova Scotia, New Brunswick
and Prince Edward Island as being moderately to highly sensitive to sea level rise (Figure 1). Highly sensitive
areas include the entire North Shore of Prince Edward
Island, the Gulf Coast of New Brunswick, much of the
Atlantic coast of Nova Scotia and parts of the urban
centres of Charlottetown and Saint John. The rugged,
rocky coast that characterizes much of Newfoundland
and Labrador is generally considered to have low sensitivity to sea level rise, but there are areas of lower
lying, moderately and highly sensitive coastline in that
province where several communities are located.
Accelerated sea level rise would inundate coastal
lowlands and erode susceptible shorelines. Parts
of the coast are expected to be permanently submerged,(10) while freshwater coastal marshes could
become salt marshes and dykes enclosing areas
lying below current high tide would have to be
raised to avoid inundation by storm surges. Rapid
sea level rise could also submerge existing salt
marshes. This will place at risk regions where
marshes are unable to migrate inland, due, for
example, to existing infrastructure. Sea level rise
and storm impacts have also been related to forest
decline at sites lying close to sea level, as a result
of increasing water table height and saltwater intrusion.(18) Saltwater intrusion into coastal aquifers is
also a concern for coastal communities and activities
dependent of these aquifers for freshwater.

In addition to sea level rise, changes in storm frequency and intensity, as well as changes in sea-ice
cover due to climate change, could potentially affect
the Atlantic region.(12) More frequent storms would
not only be a concern in themselves, but would also
increase the probability of intense storms occurring
in conjunction with a high tide, thus increasing the
risk of extreme water levels and coastal flooding. A
decrease in seasonal sea-ice extent would result in
increased wave development and wave energy, and
cause increased coastal erosion during winter.
Recent case studies allow a preliminary assessment
of the potential impacts of climate change at
the local and regional scale. For example, in
Charlottetown, where relative sea level has risen
about 32 centimetres since 1911, accelerated sea
level rise induced by climate change could create
significant problems for urban infrastructure.(19)
When high sea level is considered in combination
with the impacts of more intense storm surges, significant economic impacts could result (see Box 1).
Along the north shore of Prince Edward Island,
the combined effects of rising sea level, decreased
sea ice and increased wave energy would result in
greatly enhanced coastal erosion. A doubling of
present coastal erosion rates would lead to a loss

BOX 1: What are the costs of sea level rise in
Charlottetown, Prince Edward Island?(19)
In Charlottetown, many commercial and residential
properties are located in zones that are vulnerable
to flooding events caused by storm surges.
Researchers estimate that increases in storm-surge
flooding, consistent with sea level projections for
the next 100 years, could cause damages to properties assessed at values ranging from $172 to
$202 million. Tourism could also be impacted, with
30 to 49 heritage properties being threatened by
an increased risk of flood damage. City infrastructure (e.g., roads, water pipes, sewers) would also
be impacted.

of 10% of current assessed value in the detailed
study area in 20 years, and almost 50% in 100
years.(19) Such erosion would also affect saltwater
marshes and coastal dunes, both of which are
significant for the tourism industry.(19)

FIGURE 3: Projected flooding of present-day Truro, Nova Scotia, based on a storm surge sea level similar to that of
the 1869 Saxby Gale (62)
BEFORE

AFTER

Simulation courtesy of Natural Resources Canada and Fisheries and Oceans Canada
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Another sensitive region is the head of the Bay of
Fundy, where increased flooding and dyke breaching
is a potential consequence of future climate change.
Figure 3 depicts the extent of potential flooding of
present-day Truro, Nova Scotia, if it were subjected
to a storm surge similar to that of the 1869 Saxby
Gale (the highest historic water level event in the
upper Bay of Fundy20). The extent of potential
present flooding reflects the 44-centimetre rise in sea
level that has occurred since that time. The extent
of flooding would be even higher in the future as a
result of accelerated sea level rise. Degradation of
coastal salt marshes due to climate change is also
an important concern in this region (see Box 2).
Climate change and sea level rise may also exacerbate other coastal zone hazards. For example, many
communities in Newfoundland and Labrador have
developed at the base of steep slopes, where there is
risk of damage from landslides and avalanches.(22)
As these are often triggered by extreme climatic
events, there is potential for increased frequency of
such hazards as a result of climate change.

Arctic Coast
“Portions of the Beaufort Sea coastline are now
undergoing rapid coastal retreat, accentuated by
permafrost melting.” (17)
The coastline of the Canadian Arctic is characterized by biophysical processes and socio-economic
activities that are greatly influenced by sea ice,
which at present covers most of the coastal, interisland channel, and ocean regions for 8 to 12
months of the year. The past 3 to 4 decades have
seen a significant decrease in the extent of seasonal
sea-ice cover, as documented by satellite imagery
(e.g., reference 23; see ‘Fisheries’ chapter). This
trend is projected to continue under scenarios of
future climate change, such that some studies
project only very limited summer sea-ice cover by
the end of this century.(24)
Changes in sea-ice cover will likely be the most
significant direct impact of climate change on the
northern coastal region, with potential consequences
for the breadth of the Arctic coastline. Reduction in
sea-ice cover, and corresponding increase in the
extent and duration of open water conditions, would
impact northerners by affecting travel, personal
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safety, accessibility to communities and hunting
grounds, and other traditional activities. A reduction
in seasonal sea-ice coverage could also open large
areas of the Arctic Archipelago, including the
Northwest Passage, to increased marine shipping
(see ‘Transportation’ chapter). While this could

BOX 2: Fate of salt marshes in Atlantic Canada(21)
Tidal salt marshes in Atlantic Canada are diverse
and highly productive ecosystems. They exist within
a small elevation range and are assumed to maintain elevation in equilibrium with changes in sea
level. However, accelerated sea level rise resulting
from climate change could mean that salt marshes
are unable to maintain this equilibrium, and that
increased tidal flooding could result in loss of the
marshes or conversion to other types of vegetation.
As part of a research project examining the vulnerability of Atlantic salt marshes, researchers
found that salt marshes are generally resilient to
present rates of sea level rise. However, they also
concluded that some marshes may become submerged in the future as a result of accelerated
sea level rise induced by climate change. The
marshes studied were also found to be sensitive to
sediment supply, and human-induced hydrological
and management changes.

Photo courtesy of Gail Chmura

Coring for Spartina patens in a salt marsh

present significant new opportunities for economic
development, concerns have also been expressed
regarding negative impacts on Arctic marine ecosystems(25) and traditional ways of life, as well as
potential sovereignty and security issues.(26, 27)
Rates of shoreline change in the Arctic would be
altered both by changes in sea ice and by changes
in relative sea level resulting from global warming.
Areas now protected from wave action by persistent
sea ice would be more severely impacted than areas
that are seasonally reworked by waves at present.
The impacts of increased wave activity would
be amplified in areas such as the Beaufort Sea
coast, including the outer Mackenzie Delta and
Tuktoyaktuk Peninsula, which consist of poorly
consolidated sediments, often with significant
volumes of massive ground ice, and are undergoing
submergence at present (see Box 3). Along terrestrial slopes in the coastal zone, increased ground
temperatures and permafrost degradation could
reduce slope stability and increase the frequency
of landslides,(28) thereby presenting risks for
community and industrial infrastructure.
Case studies in the communities of Tuktoyaktuk(30, 31, 32)
and Sachs Harbour,(33) both located along highly
sensitive coasts, document ongoing impacts that
would be amplified by future climate changes. Parts
of Tuktoyaktuk experienced more than 100 metres of
coastal retreat between 1935 and 1971. This erosion
was responsible for the destruction or relocation of
several community buildings. Introduction of protection measures in 1971 has resulted in stabilization at
about the 1986 shoreline position, but has required
considerable maintenance. Researchers noted that,
even if erosion in the community is halted, the peninsula on which it is located is likely to be breached at
its southern end in 50 to 100 years,(30) and that the
island that protects the harbour mouth at present is
also likely to be eroded away over the same timeframe.(32) Based on local observations, coastal erosion
and permafrost degradation are also issues in Sachs
Harbour on Banks Island. Recent changes in the
extent and predictability of sea-ice cover have been
identified by community residents as new challenges
to maintaining traditional ways of life.(33)

Pacific Coast
With the exception of the outer coast of Vancouver
Island, relative sea level has risen along most of the
British Columbia coast over the past 95 years.(34)

However, the rate of relative sea level rise has generally been low, due to the fact that geological uplift
(tectonics) has largely offset the increase in most
areas.(35) This fact, combined with the steep and
rocky character of the Pacific coast, results in this
region having an overall low sensitivity to sea level
rise. Nevertheless, there are small but important
areas of the Pacific coast that are considered highly
sensitive,(10) including parts of the Queen Charlotte
Islands,(10) the Fraser Delta and unlithified sand
cliffs at Vancouver,(10) and portions of Victoria.(36)
The main issues of concern include breaching of
dykes, flooding, erosion, and the resultant risks
to coastal ecosystems, infrastructure(34, 36, 37) and
archaeological sites.(17)

BOX 3: Sea level hazards on the Canadian
Beaufort Sea coast(29)
This study undertook a regional analysis of the sensitivity of the Canadian Beaufort Sea coast to sea
level rise and climate warming, using historic data
to examine the influence of weather conditions, ice
cover and water levels on erosion. Results indicate
high variability across the region, especially with
respect to storms and water levels.
For highly sensitive areas, characterized by high
past and present rates of erosion, a GIS (geographic
information system) database was used to create
an index of erosion hazard. A storm-surge model
was also developed to help evaluate potential flood
risk under future conditions.

Photo courtesy of Natural Resources Canada

Beaufort Sea coast
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The Fraser Delta, which supports a large and rapidly
expanding population, is one of the most highly
sensitive areas on the Pacific coast. Parts of the
delta are already below sea level, with extensive
dyke systems in place to protect these lowlands
from flooding.(37) Relative sea level is rising in this
region, continually increasing the risk of erosion
and shoreline instability, flooding and wetland
inundation. Accelerated sea level rise resulting from
climate change would further increase these risks.(9)
Box 4 describes some potential impacts in the delta
region, assessed as part of a broader study of the
Georgia Basin. In addition, the Fraser Delta is an
area of relatively high seismic risk, and the potential
impacts of an earthquake on the stability of the delta
could be worsened by higher sea levels.(38)
Climate change and sea level rise would exacerbate
other coastal hazards. Higher mean sea levels could
increase the potential damage associated with
tsunamis (ocean waves generated by submarine
earthquakes). Vancouver Island’s outer coasts and
inlets are most vulnerable to this hazard.(39) Another
concern is a scenario in which high tides, El Niño
influences and storm events coincide to produce shortlived, extreme high sea levels.(36) For example, during
the most recent El Niño Southern Oscillation event,
a sea level increase of 40 centimetres resulted in as
much as 12 metres of coastal retreat in some areas.(40)

BOX 4: Impacts of sea level rise in the Fraser Delta (37)
The potential impacts of climate change on the Fraser
Delta, which lies within British Columbia’s Georgia
Basin, were examined as part of a broader regional
sustainability study. For this study, areas lying less
than 1 metre above current sea level were defined as
being sensitive to sea level rise. The study concluded
that, with a 1 metre sea level rise, natural ecosystems
would be threatened, more than 4 600 hectares of
farmland could be inundated, saltwater intrusion
would become a problem for agriculture and groundwater supplies, and more than 15 000 hectares of
industrial and residential urban areas would be at risk.
However, appropriate adaptations have the potential to
reduce vulnerability in this area.
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Impacts on the Great Lakes–
St. Lawrence Coast
Over 40 million people live within the Great Lakes
Basin, and the lakes have greatly influenced the
settlement, economic prosperity, and culture of
the region.(41)
Precipitation, temperature and evaporation are the
predominant climate variables controlling water
levels in the Great Lakes.(42) Fluctuating water
levels are a natural characteristic of these lakes.
For example, during the period of record (from
1918 to 1998), lake levels have fluctuated within
ranges of 1.19 metres for Lake Superior and
2.02 metres for Lake Ontario.(11) Future climate
changes, such as those projected by the IPCC, are
anticipated to result in an overall reduction in net
water supplies and long-term lake level decline,
such that average water levels could decline to
record low levels during the latter part of this century (references 14, 43, 44; see ‘Water Resources’
chapter). Climate warming would also reduce the
duration of lake ice cover, which presently offers
seasonal protection for much of the shoreline from
severe winter storms.
Water level changes of the magnitude projected by
recent studies (30–100 centimetres by 2050; reference 8) could affect the Great Lakes coastal region
by restricting access of boating and shipping at
docks, marinas and in connecting channels (see
Figure 4). Port infrastructure used by the Great
Lakes shipping industry would be similarly
affected, and lower lake levels could force vessels
to decrease their cargo capacity in order to
continue using existing harbours and shipping
lanes (see ‘Transportation’ chapter).
Lower lake levels would also impact beaches, with
the amount of new exposure a function of water
depth, lakebed composition and slope, and water
level decline,(45) such that larger beach surfaces could
increase recreation space. However, researchers have
found that water levels projected to occur under a
range of climate change scenarios are generally well
below those desired by recreational users.(46)
Furthermore, exposed mud flats could reduce
shoreline aesthetics, and there is the potential that
exposed lakebeds could include toxic sediments.(43)

FIGURE 4: Impacts of recent low Great Lakes water levels
on the Lake Huron shoreline at Oliphant, Ontario

Photo courtesy of Ryan Schwartz

High water levels and storm-induced flooding are
ongoing problems for commercial, residential,
agricultural and industrial activities in the Great
Lakes coastal region.(47) While lower lake levels
could reduce the frequency and severity of flood
risk, this could be counterbalanced by pressure
for development closer to new shorelines.(11)
Other coastal infrastructure could also be affected
by lower water levels resulting from future climate
change. For example, municipal and industrial water
intakes have been designed to function within the
historical range of lake level fluctuations.(48) Water
intakes located in relatively shallow water, such as
those in Lake St. Clair, may experience increased
episodes of supply, odour and taste problems due
to insufficient water depth, and increased weed
growth and algae concentrations.(11)

including human response.(50) Appropriate adaptation
will play a pivotal role in reducing the magnitude
and extent of potential impacts, thereby decreasing
the vulnerability of the coastal zone to climate
change. In many cases, existing techniques and
technologies used to deal with past water level
changes could also serve as effective adaptations
for future climate change.
To date, relatively little attention has been given to
understanding the motivations for adaptation, and
the barriers that may exist to successful adaptation.
Rather, most of the adaptation literature examines
methods used to address changes in water levels.
Over recent years, three trends have been observed
in coastal adaptation and associated technology use:
1) increase in soft protection (e.g., beach nourishment and wetland restoration), retreat and
accommodation;
2) reliance on technology, such as geographic information systems, to manage information; and
3) awareness of the need for coastal adaptation
that is appropriate for local conditions.(51)

Strategies for Dealing with Sea Level Rise
Many believe that, on a global scale, the consequences of sea level rise could be disastrous if
appropriate adaptation measures are not taken.(49)
The following discussion focuses on the three
basic strategies of protect, accommodate and
retreat,(3) and the range of technological options
available for each.

Protect

Adaptation
“Adaptation options for coastal management are
most effective when incorporated with policies
in other areas, such as disaster mitigation and
land-use plans.”(49)
The physical impacts of climate change on the
coastal zone will vary by location and depend on
a range of biophysical and socio-economic factors,

Protecting the coastline through mechanisms such
as seawalls and groins has been the traditional
approach to dealing with sea level rise in many
parts of the world. The goal of protection is generally to allow existing land use activities to continue
despite rising water levels.(3) Such measures range
from large-scale public projects to small-scale
efforts by individual property owners. Traditional
protection measures tend to be expensive and may
have limited long-term effectiveness in highly
vulnerable locations.(19)
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Consequently, there has been growing recognition
during the last few years of the benefits of ‘soft’
protection measures, including beach nourishment
and wetland restoration and creation.(51) These
measures can be implemented as sea level rises,
and are therefore more flexible than, for example,
seawalls, the expansion of which may require the
removal or addition of structures. It should be
noted, however, that the transition from hard to
soft protection requires knowledge and understanding of physical coastal processes in the region.(3)
Soft protection can enhance the natural resilience
of the coastal zone and is generally less expensive
than hard protection, which can lead to unwanted
effects on erosion and sedimentation patterns if not
properly implemented.(51)

Accommodate
Accommodation involves continued occupation of
coastal land while adjustments are made to human
activities and/or infrastructure to accommodate
sea level changes, and thereby reduce the overall
severity of the impact.(3) Accommodation strategies
may include redesigning existing structures, implementing legislation to encourage appropriate land
use and development, such as rolling easements,
and enhancing natural resilience through coastal
dune and wetland rehabilitation. Examples include
elevating buildings on piles, shifting agriculture
production to salt-tolerant crops,(3) controlling
and/or prohibiting removal of beach sediment,(19)
and developing warning systems for extreme
high sea level events, flooding and erosion.(36)

Retreat
Retreat involves avoiding risk in order to eliminate a
direct impact.(3) With this strategy, no attempts are
made to protect the land from the sea. Instead, land
that is threatened by sea level rise is either abandoned when conditions become intolerable, or not
developed in the first place. For example, legislated
setback regulations may be used to reduce future
losses from erosion.(19) In some cases, resettlement
may be a cost-effective long-term alternative to
coastal protection works.(19)

Facilitating Adaptation
Researchers recommend that adaptation to climate
change in the coastal zone be considered as a
component of a larger, integrated management
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framework, as promoted in Canada’s Oceans Act.
This would help to manage the complexity of the
adaptation process, and encourage researchers,
policy-makers and stakeholders to work together.(52)
Stakeholders must be involved from the beginning
of the process and actively engaged in discussions
of potential adaptive measures.(53)
To assess the vulnerability of a region or community,
it is necessary to consider both the magnitude of the
potential impacts as well as our capacity to adapt to
those impacts. An important factor of such analysis
is the rate at which change is expected to occur.
For example, a gradual rise in sea level may allow
most coastal infrastructure to be adapted during
the course of normal maintenance or replacement,
making accommodation or retreat viable options.
In contrast, a more rapid rate could necessitate
expensive protective measures or replacement
in less than the design lifespan of the facility.
Assessment often involves conducting specific
case studies in the region of concern (see Box 5).
The following sections discuss specific regional
examples of adaptation to climate change. While
these include suggestions for adaptation options,
detailed examinations of the processes of adaptation
and the viability of potential adaptation options
have, in most cases, not been conducted.

Prince Edward Island
In Prince Edward Island, potential adaptation
strategies that have been identified and discussed
in the literature include identification and monitoring of hazards (e.g., flood mapping), managed
retreat or avoidance (e.g., restricted development
in sensitive areas), accommodation, and enhanced
awareness-raising and public education.(19) The
most appropriate adaptation measures will depend
on the conditions at the specific site of concern.
For example, retreat is likely not a viable option in
urban settings such as Charlottetown. In these areas,
strategies that incorporate elements of accommodation and protection would have to be considered,
with both hard and soft protection likely necessary
to protect valuable coastal infrastructure.(19)
On Prince Edward Island’s north shore, a complex
system of sand dunes is a major tourist attraction
that is at risk of being breached by storm-induced
wave activity. These dunes serve as a natural barrier
that protects the shoreline from ongoing coastal

processes, the absence of which could lead to accelerated erosion in sensitive areas.(19) Adaptation
strategies along the north shore could include
accommodating rising sea levels by enhancing natural resilience through dune rehabilitation, and soft
protection such as beach nourishment and sand
storage.(19) Overall, a range of adaptation strategies
would be needed in Prince Edward Island, and
would be most successful if several options were
to be considered, at various scales, in deliberations
that include stakeholder participation.(19)

Fraser Delta
Structures are already used in the Fraser Delta to
protect the land from the sea. However, if extreme
flooding and storm-surge events were to occur

BOX 5: Assessing coastal community vulnerability (54)
Consulting with community residents to identify
impacts of local concern was the critical first step of
this study in Conception Bay South, Newfoundland.
These concerns included coastal erosion, infrastructure damage and implications for town management
and development. Researchers then used historic
data to evaluate past climatic impacts and to
identify which parts of the coast are most sensitive
to flooding and erosion. Finally, options (preventing
development in areas of known vulnerability, implementing setback limits) were recommended as a
proactive means of limiting future impacts.

Photo courtesy of Norm Catto

Topsail Beach, Conception Bay South, Newfoundland

more frequently as a result of future climate
change, there would be an increased risk of breaching and additional damage to dyke systems.(37)
Yin(37) recommended several adaptation options
for the Fraser Delta coastal zone, based on the
potential impacts of climate change on this region.
These options include
1) prevention of further development in sensitive
areas;
2) ensuring that new development does not
infringe upon the shoreline;
3) public repurchase of sensitive land and
infrastructure; and
4) protecting existing investments by maintaining,
extending and upgrading existing dyke systems
to prevent damage to coastal infrastructure and
human activities.

Great Lakes
Individual property owners along the shores of the
Great Lakes would be impacted if projected decreases
in lake levels were to occur, although they will likely be able to adapt, in most cases, by moving with
the lake (e.g., extending docks; references 11, 45).
Shoreline protection structures designed for the
current range of lake levels would also be affected
by water level changes. As a result, the design and
implementation of flexible structures that can be
modified for a range of water levels could represent
an appropriate form of anticipatory adaptation.(45,55)
Decisions will also have to be made regarding coastal
land use and development. For example, existing
shoreline management policies and plans may need
to be adjusted and new policies that limit pressure
for lakeward development of sensitive areas of the
shoreline could be used to help reduce potential
impacts from coastal hazards.(11, 56)
Dredging is a commonly recommended adaptation
option for dealing with low water levels in the
Great Lakes. In 2000, Fisheries and Oceans Canada
initiated the Great Lakes Water Level Emergency
Response Program, to provide $15 million in dredging assistance to marinas severely affected by low
water levels.(57) However, from an economic and
environmental perspective, dredging is not always
a feasible option. For example, the Welland Canal
is situated on a rock basin, and deepening this
structure would require a multiyear drilling and
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blasting project.(58) A study investigating harbour
dredging in a portion of the Great Lakes concluded
that costs at Goderich, Ontario might be as high as
$6.84 million for one future water level projection.(59)
Furthermore, in contaminated areas, extensive
dredging could lead to high disposal costs and
present a public health and environmental hazard
to shoreline interests and activities.(43)
Changes to regulation of the Great Lakes have also
been suggested as a potential adaptation option.
Regulation of Lake Ontario and the St. Lawrence
River is currently being studied to evaluate the
benefits and impacts of the current plan used to
regulate these water bodies, and assess the changes
that would be needed in order to meet current and
future needs, including those under climate change
scenarios.(60) With respect to increasing regulation
to include all five Great Lakes, research has found
that this option is neither economically nor environmentally feasible at the present time.(61)

Impacts
1) Improved understanding and predictability of
shoreline response to changing climate and
water levels, particularly for highly vulnerable
coastlines at the local level
2) Addressing issues of data availability and accessibility, including climate, water level and current
data, as well as the capacity for future monitoring
and data gathering
3) Improved understanding of how storm frequency
and intensity, and sea-ice cover may be affected
by climate change, and the resultant consequences
for the coastal zone
4) Studies on how sea level rise would affect saltwater intrusion into coastal aquifers, especially
in regions that are dependent on groundwater
resources

Adaptation

Knowledge Gaps and
Research Needs
Climate change research with respect to the coastal
zone continues to be dominated by studies on the
impacts of changing water levels (i.e., sea level rise
and Great Lakes water level decline). While such
work is extremely important, it is also necessary to
better address impacts of other climate-related
changes, such as storm processes and ice dynamics.
Equally important is the need for integrated studies,
which consider the physical, social and economic
components of the coastal zone. Only by going
beyond the traditional biophysical approach will
comprehensive, integrated assessments of the vulnerability of Canada’s coastal zone to climate
change be developed.
Needs identified within the recent literature cited in
this chapter include the following:
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1) Integrated assessments of coastal zone vulnerability, including the capacity of existing coastal
zone management policies to address impacts of
climate variability and change
2) Studies that address human processes of adaptation, and the capacity of stakeholders and political
institutions to respond to changing conditions
3) Research that identifies how stakeholders could
benefit from potential opportunities that may be
presented by climate change
4) Studies that derive realistic cost estimates for different adaptation options within the coastal zone,
including consideration of the effect of differing
rates of water level changes
5) Improved understanding of how human activities
and policies affect coastal vulnerability to climate
change, and barriers that exist to adaptation

Conclusion
From an economic, environmental and social perspective, Canada’s coastal zone is of paramount
importance. The health and sustainability of the
coastal zone affects tourism and recreation, fisheries,
transportation, trade and communities. Inclusion
of the land-water interface makes the coastal zone
sensitive to changes in water levels, wave climate,
storminess, ice cover and other climate-related factors. Changes in these variables would result in
accelerated rates of shoreline change and present
a range of challenges to the sustainability of the
coastal zone. Impacts will vary regionally, with
significant areas of the Atlantic coast, the Fraser
Delta region of British Columbia, and the Beaufort
Sea coast recognized as being highly sensitive to
sea level rise. Changes in sea-ice cover will likely
be the most significant direct impact of climate
change for the northern coastal region, whereas
changes in water levels will be the key concern
along the Atlantic, Pacific and Great Lakes coasts.

Improved understanding of the regional differences
will help in targeting adaptation strategies to reduce
the vulnerability of the coastal zone. A solid framework for adapting to the impacts of both climate
changes and accelerated sea level rise lies in the
strategies of retreat, accommodate and protect.
Integrative studies of climate change impacts at the
local scale, involving physical and social scientists
along with stakeholders, are required to properly
address the vulnerability of Canada’s coastal zone
and determine the most appropriate adaptation
options. Incorporating these considerations into the
long-term planning process will reduce both the net
impacts of climate change and the cost of adaptation.
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Transportation

ransportation is essential to our well-being. Canadians

“T

need a reliable, safe and sustainable transportation
system to connect our communities, and to connect
us with our trading partners.”(1)

Transportation industries account for approximately
4% of Canada’s gross domestic product, and
employ more than 800 000 people.(2) However,
these statistics vastly understate the importance
of transportation in this country because of the fact
that private cars and trucks account for a large proportion of both passenger and freight movements.
When commercial and private transportation are
considered together, more than $150 billion a year,
or one in every seven dollars spent in Canada, goes

to pay for transportation.(2) Overall, it is difficult to
overestimate the importance of transportation to
Canadian life.
The scale and use of Canada’s road, rail, water and
air transportation systems are shown in Table 1.
It has been estimated that the road system alone
has an asset value approaching $100 billion.(5)
The dominant modes of transportation, as well
as the role of transportation in the economy, vary

TABLE 1: Canadian transportation system (data from references 2, 3, and 4)
Mode

Component

Activity (annual statistics based on most recent
year available)

Road

Length of roads:a 1.42 million km
Registered motor vehicles: 17.3 million (16.6 million
cars and other light vehicles; 575 000 heavier trucks)
Service stations: 16 000

Light vehicle movements:b 282 billion vehicle-km
Freight movementsc by Canadian-based carriers:
165 billion tonne-km
Trans-border crossings by truck: 13 million

Rail

Rail network: 50 000 km

Freight movementsc by Canadian railways:
321 billion tonne-km
Passenger movementsd on VIA Rail: 1.6 billion
passenger-km

Air

Airports: 1 716, including the 26 airports in the
National Airports System (NAS)
Aircraft: 28 000

Domestic (within Canada) passenger traffic:
26 million passengers
International passenger traffic (including US):
33 million passengers
Value of air-cargo trade: $82 billion

Water

Ports: 18 operating under Canada Port Authorities
plus hundreds of regional/local ports and
fishing/recreational harbours
Commercial marine vessels: 2 170

Freight handled by Canada’s ports: 405
million tonnes
Ferry passengers: 40 million

Urban Transit

Urban transit fleet (buses and rail vehicles): 14 300

Number of passengers: 1.5 billion

a

two-lane equivalent (e.g., a four-lane highway that extends 100 km is counted as 200 km)
one vehicle-km represents one vehicle traveling one km
c one tonne-km represents one tonne being transported one km
d one passenger-km represents one person being transported one km
b
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from one region to another. For example, more
than 60% of Canada’s trade with the United
States moves through Ontario, primarily by truck.
In contrast, trade with other countries is primarily
by ship, with rail lines providing vital links
between areas of production and coastal ports.(3)
For passenger movements, Canadians everywhere
rely on private automobiles for short and medium
trips, but air traffic dominates interprovincial
and international movements, and public transit
is primarily a large-city phenomenon. Assessing the
vulnerability of transportation in Canada to climate
change is an important step toward ensuring a safe,
efficient and resilient transportation system in the
decades ahead. Our present system is rated as one
of the best in the world.(6) Despite this, transportation in Canada remains sensitive to a number of
weather-related hazards, as illustrated by recent
examples (Table 2). Future climate change of the
magnitude projected for the present century by the
Intergovernmental Panel on Climate Change (IPCC),
specifically an increase in global mean annual
temperature of 1.4–5.8°C,(15) would have both
positive and negative impacts on Canada’s transportation infrastructure and operations. These

impacts would be caused by changes in temperature and precipitation, extreme climate events
(including severe storms), and water level changes
in oceans, lakes and rivers. The main sensitivities
of Canada’s transportation system to such changes
are summarized in Figure 1.
This chapter examines recent research on climate
change impacts and adaptation in the Canadian
transportation sector, recognizing that this represents a relatively new field of study, particularly
compared to sectors such as water resources, agriculture and fisheries (other chapters of this report).
An overview of potential impacts of climate change
on transportation infrastructure and operations is
followed by an examination of adaptation issues
related to design and construction, information
systems, and the need for a more resilient and
sustainable transportation system. Discussion is
largely restricted to Canada’s road, rail, air and
water systems, although the transportation sector,
in the broadest sense, includes such other infrastructure as pipelines, energy transmission and
communication networks.

TABLE 2: Examples of weather-related transportation sensitivities
2001–2002

A mild winter with reduced snowfall in southern Ontario and Quebec saved the insurance industry millions of
dollars from road-accident claims.(7)

2000

On January 21, a storm surge caused extensive flooding in Charlottetown and other communities along the
Gulf of St. Lawrence coastline in Prince Edward Island, New Brunswick and Nova Scotia.(8)

1999

On September 3, a fog-related crash involving 87 vehicles on Highway 401 near Chatham, Ontario resulted
in 8 deaths and 45 injuries.(9)

1999

A dry spring in 1999 contributed to extensive forest fires and temporary road closures throughout northwestern
Ontario, beginning in May.(10)

1998

The January ice storm in southern Quebec, eastern Ontario and parts of the Maritime Provinces restricted mobility
for up to several weeks due to downed power lines, broken and uprooted trees, and slippery roads.(11)

1997–1998

Due to warmer temperatures, the Manitoba government spent $15–16 million flying in supplies to communities
normally served by winter roads.(12)

1997

The December 16 crash of Air Canada flight 646 in Fredericton was blamed on a mixture of regulatory and human
weaknesses, compounded by fog.(13)

1996–1997

A series of winter storms affected Vancouver Island, the Lower Mainland and the Fraser Valley from
December 22 to January 3. Extremely heavy snowfall, up to 85 cm in a single 24-hour period, paralyzed
road, rail and air infrastructure.(14)
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FIGURE 1: Possible implications of climate change for Canada’s transportation system (modified from reference 16)

Moderate High

Increase in storm frequency and severity
Increase in precipitation intensity

Increase in mean temperature
Sea level rise

Confidence Level a

Change in temperature extremes (increase
in summer, decrease in winter)
Changes in mean precipitation

Low

EXPECTED CHANGES IN CLIMATIC VARIABLES

POTENTIAL IMPACTS ON TRANSPORTATION SYSTEMS

NATIONAL IMPACTS

NORTHERN CANADA

• Changes in fuel efficiencies and payloadsb
• Changes in length and quality of construction seasonb
• Impacts on health and safety (e.g., accidents, access
to services)b
• Changes in transportation demand and competitionb

• Increased Arctic shipping (Northwest Passage)
• Infrastructure damage from permafrost degradation
and increase in freeze-thaw cycles
• Changes to maintenance and design practicesb

SOUTHERN CANADA
•
•
•
•
•
•
•

Inundation and flooding of coastal infrastructure (Atlantic and Pacific)
Increased costs of shipping in Great Lakes–St. Lawrence Seaway system
Increased landslide/avalanche activity (reduced mobility, increased maintenance costs)
Increased flooding of inland infrastructure
Changes in winter maintenance costs for surface and air transportb
Decreased damage from fewer freeze-thaw cyclesb
Changes to maintenance and design practicesb

a

Refers to agreement among global climate models as per IPCC (reference 15).

b

Refers to potential impacts with limited or no completed climate change studies on the topic.
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Previous Work
“Nationally, the net effect of climate change
on transportation would likely be positive.…

service life. Although our current system is quite
robust, future weather conditions may reach or
exceed the limits of tolerance for some parts of
the system. In other cases, a warmer climate may
translate into savings for those who build, maintain
and use Canada’s transportation infrastructure.

Vulnerabilities and potential impacts vary
regionally, however.” (17)
Interest in the implications of climate change
for transportation infrastructure and operations
is growing internationally.(18, 19) The first general
assessment of climate change impacts on transportation in Canada was undertaken in the late
1980s,(20) and focused mainly on sensitivities
and expert opinion. In the late 1990s, Andrey and
Snow(17) conducted a more comprehensive review
of literature, as part of the Canada Country Study.
Andrey and Snow(17) concluded that it is difficult to
generalize about the effects of climate change on
Canada’s transportation system, since impacts are
certain to vary by region and mode. Some northern
settlements and coastal regions would face serious
challenges associated with changes in temperature
and sea level, whereas milder winters would present
some benefits for transportation in the more populated parts of Canada. All modes of transportation
considered (automobile, truck, rail, air and coastal
marine) were expected to face new challenges, as
well as some reduced costs. Andrey and Snow(17)
also reported a growing awareness by public agencies and private companies of the need to consider
adaptive strategies related to design and/or operational practices in response to changing conditions.

Impacts on Transportation
Infrastructure
“All modes of transport are sensitive to weather

Surface Transportation Issues Related
to Changes in Temperature
There is strong evidence that both minimum
and maximum temperatures have been warming
in most of Canada over the past 50 years,(21)
and that changes in temperature distribution are
expected to continue throughout the present century. The associated impacts of these changes on
transportation infrastructure will vary regionally,
reflecting differences both in the magnitude of
climate changes, and in environmental conditions.
For example, infrastructure in northern regions of
Canada (discussed separately below) is particularly
sensitive to warming temperatures. In general,
there is expected to be an increase in the frequency
of extreme hot days in most regions of Canada,
and a decrease in the frequency of extreme cold
days.(15) Overall, the effects of changes in temperature will likely be more pronounced in winter,
when future warming is projected to be greater
than during the summer months.
An increase in the frequency and severity of hot
days raises concerns that Canada’s roads could
experience more problems related to pavement
softening and traffic-related rutting, as well as the
migration of liquid asphalt (flushing and bleeding)
to pavement surfaces from older or poorly constructed pavements. Asphalt rutting may become
a greater problem during extended periods of summer heat on roads with heavy truck traffic, whereas
some flushing could occur with older pavements
and/or those with excess asphalt content. These
problems should be avoidable with proper design
and construction, but at a cost.(22)

and climate to some extent.” (17)
Roads, railways, airport runways, shipping
terminals, canals and bridges are examples of
the facilities and structures required to move
people and freight. Climate and weather affect
the planning, design, construction, maintenance
and performance of these facilities throughout their
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Cold temperatures in winter are currently a much
greater concern for transportation in Canada than
summer heat. Cracking of pavements related to
low-temperature frost action and freeze-thaw cycles
is a well-recognized problem in most of southern
Canada. The 1992 Royal Commission on National
Passenger Transportation concluded that environmental factors account for the greatest portion of

pavement deterioration, up to 50% of deterioration
on high-volume roads and as much as 80% on
low-volume roads.(23) Premature deterioration of
road and runway pavements is related to high
frequencies of freeze-thaw cycles, primarily where
subgrades are composed of fine-grained, saturated
material.(24) Southern parts of Canada may experience fewer freeze-thaw cycles as a result of climate
change,(25) and thus experience less frost damage
to pavements. By contrast, in northern areas, pavement structures stay strong throughout the winter at
present because the subgrade remains frozen until
spring.(22) Milder winters, with more freeze-thaw
cycles, would accelerate road deterioration and
increase maintenance costs in northern areas.
On the other hand, an increase in winter thaws
in these areas could be at least partially offset
by fewer springtime thaws. At present, there is a
solid understanding of the physical processes at
work, but a detailed inventory and assessment
of the vulnerability of Canada’s road system
to changes in freeze-thaw cycles is required to
estimate the net effects and to begin developing
adaptive strategies for new or reconstructed roads.
Rail infrastructure is also susceptible to temperature extremes. Railway track may buckle under
extreme heat, and this has been suggested as a
possible contributing factor in the July 29, 2002
Amtrak rail incident in Maryland.(26) As with roads,
extreme cold conditions are currently more problematic for railways than severe heat, and result
in greater frequencies of broken railway lines and
frozen switches, and higher rates of wheel replacement. On balance, it is expected that warming will
provide a modest benefit for Canadian rail infrastructure, except in regions underlain by permafrost
(as discussed in the next section). It should be
emphasized, however, that there has been very
little research on climate change impacts on rail
infrastructure in Canada.

12 consecutive months) underlies almost half of
Canada(27) and provides important structural
stability for much of our northern transportation
infrastructure. This includes all-season roads,
airstrips and some short-line rail operations, such
as the OmniTRAX line to the Port of Churchill in
Manitoba. Degradation of permafrost as a result
of climate warming will result in increased depth
of the seasonal thaw layer, melting of any ice that
occurs in that seasonal thaw zone, and warming
of the frozen zone, which reduces its bearing
capacity. Paved runways are likely to be among the
structures most vulnerable to permafrost changes,
as they readily absorb solar energy, further contributing to surface warming.
Ice roads, which are constructed by clearing a
route across frozen ground, lakes or rivers, play
an important role in northern transportation, both
for community supply and for resource industries
(Figure 2). Although the operating window varies
from location to location and year to year, these
roads are typically used from November-December
to March-April. Milder winters, as projected under
climate change, would shorten the ice-road season
by several weeks(28) unless additional resources
were available to apply more intensive and
advanced construction and maintenance techniques. In 1998, higher than normal temperatures
led to the closure of the winter road to Fort
Chipewyan, and the Alberta government had
to help residents of the town obtain critical supplies.(29) A shorter ice-road season may be partially
offset by a longer open-water or ice-free season
in areas accessible by barge. However, given the
current limitations of monthly and seasonal climate
forecasts, planning for barge versus winter-road
transport is likely to be imperfect. Furthermore,
the port infrastructure and services in some regions
may be inadequate to handle increased use, and

FIGURE 2: Ice road in Yellowknife

Issues Related to Temperature
Change in Northern Regions
Climate warming raises a number of issues for
transportation infrastructure that are unique to
northern Canada, where the most significant warming is expected and where the physical landscape is
highly sensitive to temperature changes. Permafrost
(ground that remains below 0°C for more than

Photo courtesy of Diavik Diamond Mines Inc.
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many areas that currently rely on ice roads, such
as the diamond-mining region of the Northwest
Territories, are landlocked and cannot take
advantage of barge transport.
Thus, warmer temperatures associated with climate
change could create new challenges for economic
development in some northern regions.

Infrastructure Issues Associated
with Changes in Precipitation
The impacts of climate change on future precipitation patterns are much less certain than those
on temperature, due in part to the highly variable
nature of precipitation and limited ability of current
climate models to resolve certain atmospheric
processes. It is thought, however, that annual
precipitation is likely to increase over much of
Canada, with an increase in the proportion of
precipitation falling as rain rather than snow in
southern regions. In the past, there have been
many examples of damage to transportation infrastructure due to rainfall-induced landslides and
floods. For example, a 1999 debris flow in the
Rocky Mountains, thought to have been caused
by a localized rainfall event, blocked traffic on the
Trans-Canada Highway for several days during the
tourist season.(30) In 1997, a mudslide in the Fraser
Canyon washed out a section of Canadian National
railroad track, derailing a freight train and killing
two crewmen (reference 31, see Figure 3).

FIGURE 3: Derailed Canadian National train caused by
landslide in the Fraser Canyon

Photo courtesy of S. Evans
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If the timing, frequency, form and/or intensity of
precipitation change in the future, then related natural processes, including debris flows, avalanches
and floods, would be affected. For example, there
are concerns that future changes in hydroclimatic
events, particularly extreme rainfall and snowmelt,
could result in more frequent disruptions of the
transportation corridors in the mountains of
western Canada as a result of increased landslide
frequency.(32) Similar concerns exist about the stability of areas underlain by clay-rich sediment in parts
of eastern Ontario and southern Quebec.(33) In addition to affecting roads and railroads, other critical
infrastructure (e.g., pipelines) is also vulnerable to
precipitation-triggered slope instability (see Box 1).
Future increases in the intensity and frequency
of heavy rainfall events(35) would have implications
for the design of roads, highways, bridges and
culverts with respect to stormwater management,
especially in urban areas where roads make
up a large proportion of the land surface.(36)
Precipitation and moisture also affect the weathering of transportation infrastructure, such as bridges
and parking garages. Accelerated deterioration
of these structures may occur where precipitation
events and freeze-thaw cycles become more
frequent, particularly in areas that experience
acid rain.(37, 38)

Maintenance Costs Associated
with Snow and Ice
Governments and industries spend large sums
of money responding to Canada’s harsh winter
climate. As such, there is general optimism that a
warmer climate would reduce costs related to snow
and ice control on surface transportation routes,
and de-icing of planes.
In Canada, provincial and local governments
together spend about $1.3 billion annually on
activities related to snow and ice control on public
roadways. These include the application of abrasives (sand) and approximately 5 million tonnes of
road salt, snowploughing and snow-bank grading,
and the construction of snow fences.(39, 40)
Empirical relationships between weather variables
and winter maintenance activities indicate that less
snowfall is associated with reduced winter maintenance requirements.(41, 42) Thus, if populated areas
were to receive less snowfall and/or experience

BOX 1: Effect of slope instability on
linear infrastructure (34)
Changes in the duration, amount and intensity
of precipitation have the potential to increase ground
movement and slope instability. This soil movement
could, in turn, threaten the structural integrity of
linear infrastructure, including pipelines, roads and
railroads, by placing additional strain on these
structures. In this study, researchers examined the
integrity of pipelines in western Canada by using a
modelling approach to predict the effect of changes
in precipitation on slope movement rates. Results
allowed the identification of critical thresholds
that will help industry and government regulators
plan for potential impacts of climate change.

costs. For example, a series of winter storms,
associated heavy snowfalls and extremely cold
temperatures affected southern Ontario during the
month of January, 1999.(43) In terms of the number
of people affected, impaired mobility was the most
significant impact. Repeated snowfalls exceeded
the capacity of existing systems to maintain reliable
air, road, rail and subway transportation services.
Estimated economic losses, based on information
from several government agencies and businesses,
were more than $85 million. Organizations that
coped well during the event cited the benefits of
previous experience dealing with emergency
situations and the ability to implement contingencies that reduced their reliance on transportation.
Transportation authorities have generally responded
to the event by redesigning their systems to
withstand a higher threshold of winter hazard.
Rail companies also have winter operating plans
and procedures for dealing with winter weather
that cost millions of dollars each year. These
include such measures as snow removal, sanding
and salting, track and wheel inspections, temporary
slow orders and personnel training. While milder
or shorter winters are expected to benefit rail operations, this conclusion is based on limited research.

Photo courtesy of I. Konuk

Repaired pipeline

fewer days with snow, this could result in substantial savings for road authorities. There could also
be indirect benefits, such as less salt corrosion of
vehicles and reduced salt loadings in waterways,
due to reduced salt use. However, studies to date
on this topic do not represent all climatic regions
of Canada. Nor do they account for possible
changes in storm characteristics, such as icing.(43)
It is well recognized that individual storms can
account for a large percentage of total seasonal
costs.(43) A succession of storms, in which the
impacts are cumulative, can also result in substantial

For air transport, “up to 50 million litres of chemicals are sprayed onto aircraft and runways around
the world each year to prevent the build-up of ice
on wings and to keep the runways ice-free.”(44)
The main chemicals used in Canada are glycols for
plane de-icing and urea for keeping airport facilities
clear of snow and ice. Experts are optimistic that
a warmer climate is likely to reduce the amount of
chemicals used, thus reducing costs for the airline
industry,(44) as well as environmental damage
(e.g., water pollution) caused by the chemicals.
Finally, for marine traffic, icebreaking services
constitute a major activity of the Canadian Coast
Guard, and include organizing convoys and escorting ships through ice-covered waters, providing
ice information and routing advice, freeing vessels
trapped in ice and breaking out harbours.(22) If ice
coverage and thickness are reduced in the future,
vessels working in the same regions may require
less ice-breaking capacity, which could save
millions of dollars in capital and operation
expenditures.(45) However, additional services of
the Canadian Coast Guard may be required in the

T R A N S P O R TAT I O N

139

Canadian Arctic due to the potential for increased
marine transport through the Arctic archipelago
(see ‘Coastal Zone’ chapter). Over the past three
to four decades, decreases in sea-ice extent in
the Arctic (see ‘Fisheries’ chapter) have brought
increased attention to the potential use of the
Northwest Passage as an international shipping
route.(46, 47) In fact, many believe that continued
warming will lead to substantial increases in shipping through Arctic waters (e.g., references 47, 48).
However, although ice cover would decrease,
conditions may become more dangerous because
a reduction in seasonal ice would allow more
icebergs from northern glaciers, and hazardous,
thick, multiyear ice from the central Arctic Basin,
to drift into the archipelago.(49) Overall, the
potential opening of the Northwest Passage
would present a range of new opportunities and
challenges for northern Canada, including new
economic development, sovereignty issues, and
safety and environmental concerns.

Coastal Issues Related to Sea Level Rise
Average global sea level is expected to rise by
between 9 and 88 centimetres by the year 2100,
with considerable regional variation (reference 15;
see also ‘Coastal Zone’ chapter). Higher mean sea
levels, coupled with high tides and storm surges,
are almost certain to cause problems for transportation systems in some coastal areas of the
Maritimes, Quebec, southwestern British Columbia
and the Northwest Territories.(50) Various inventories of vulnerable sites and structures have been
completed for Atlantic Canada (e.g., reference 8).
With even a half metre (50 centimetres) rise in sea
level, many causeways and bridges, some marine
facilities (e.g., ports, harbours) and municipal
infrastructure buried beneath roads would be at
risk of being inundated or damaged. For some
communities, flooding could render inaccessible
key evacuation routes, emergency services and
hospitals.(51) The replacement value of the affected
infrastructure has been estimated in the hundreds
of millions of dollars, unless appropriate adaptations are made over the coming decades.
Some aviation infrastructure is also vulnerable
to sea level rise. Of the nearly 1 400 certified or
registered land-based airports and helipads in
Canada, 50 are situated at five metres above sea
level or less.(52) The largest of these is Vancouver
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International Airport, which is currently protected
by dykes due to its low elevation on the Fraser Delta.
Sea level rise could necessitate expanded protection
or relocation of some of the affected facilities.

Impacts on Transportation
Operations
Climate change could also affect transportation
operations through impacts on mobility, efficiency,
safety and demand.

Mobility and Operational Efficiency
All modes of transportation currently experience
weather-related service disruptions. For example, up
to one-quarter of all roadway delays(53) and an even
higher proportion of air delays are weather related,
according to American studies. It is virtually impossible to predict with any certainty the number of
trip cancellations, diversions or delays that would
occur under a changed climate, and what the social
costs of these would be. There is a general sense,
however, that fewer winter storms would benefit
transport operators and the public at large.
In contrast, climate change is expected to have a
negative effect on the efficiency of some freight
operations, because of reduced payloads. The
greatest concern is over shipping in the Great
Lakes–St. Lawrence Seaway system. Virtually all
scenarios of future climate change project reduced
Great Lakes water levels and connecting channel
flows, mainly because of increased evaporation
resulting from higher temperatures (references 54
and 55; see also ‘Water Resources’ chapter). Several
studies on implications of reduced water levels for
shipping activities in the Great Lakes(56, 57, 58) have
reached similar conclusions: that shipping costs
for the principal commodities (iron ore, grain, coal
and limestone) are likely to increase because of
the need to make more trips to transport the same
amount of cargo. Indeed, in recent years, lake vessels have frequently been forced into ‘light loading’
because of lower water levels. For example, in
2001, cargo volumes on the St. Lawrence Seaway
were down markedly when compared to the
previous five years, due in part to low water
levels.(59) While the prospect of an extended

ice-free navigation season is generally beneficial
for Great Lakes shipping, it is unlikely to offset
the losses associated with lower water levels.
Climate change may also result in reduced payloads
for other modes of transportation, although these
effects are likely to be relatively minor. Higher temperatures and especially more extreme hot days
could reduce aircraft cargo-carrying capacities,
owing to the fact that aircraft achieve greater lift
when the air is colder (i.e., more dense). Heat is
also a consideration for rail transport, since operators are sometimes forced to issue ‘slow orders’
due to heat kink dangers.(60) Also, milder winters
or wetter springs could necessitate reduced loads
on both private logging roads and public highways.
The impacts of warming on the fuel efficiency of
motorized transport have also been considered,(61)
and are expected to lead to slight increases in fuel
consumption for both road vehicles and aircraft.(22)
For cars and trucks, this is due to an anticipated
increase in air conditioner use, which would more
than offset increased efficiencies resulting from
reduced usage of snow tires and defrosting systems.
For aircraft, increased fuel consumption is expected
because warmer temperatures translate into lower
engine efficiency.

Health and Safety
Weather contributes to a large number of transportation incidents in Canada each year, including
approximately 10 train derailments and aircraft
incidents, over 100 shipping accidents, and tens
of thousands of road collisions.(2, 62, 63) Some people
have speculated that milder winter conditions may
decrease the number of weather-related incidents,
especially on roads, since it is well documented
that collision rates increase during and after
snowfall events. However, many snowfall-related
collisions are relatively minor ‘fender benders’.
Human health and safety concerns relate principally to injury-producing incidents, which may
tend to be more frequent under warmer weather
conditions (see Box 2).
Recent research in several Canadian cities indicates
that injury risks from transportation accidents are
elevated by approximately 45% during precipitation
events relative to normal seasonal conditions, but
that increases are similar for snowfall and rainfall.(63)

Therefore, any future shift that involves a decrease
in snowfall events and an increase in rainfall, as
suggested by most projections of future climate,(15)
is likely to have minimal impact on casualty rates.
Where precipitation events become more frequent
or more intense, however, injury risk could increase.
With respect to shipping, changes in ice conditions,
water levels and severe weather could affect the
demand for emergency response. For example,
increased traffic in the Arctic due to reduced seaice cover would likely increase the occurrence of
accidents.(49) Similarly, lower water levels in the

BOX 2: How does weather affect automobile
accidents? (64)
Ouimet et al.(64) investigated the correlation
between weather variables, such as temperature,
snow and rain, and automobile accidents in the
Greater Montreal area between 1995 and 1998.
Accident rates were found to peak in the summer
months (June, July and August); fatal and severe
accidents occurred almost twice as often as
during the winter and early spring. As summer
temperatures increased, accident rates also rose.
Suggested explanations for this trend included the
seasonal variations in traffic volume, and possibly
also the effect of heat on human behaviour and
alcohol consumption.
In the winter months, adverse weather conditions
increased the risk of minor traffic accidents in the
study region. The effects of winter storms, snowfall
and cold weather on accidents were especially
pronounced on roads with higher speed limits,
and roads in urban areas.

Image courtesy of Natural Resources Canada Photo Database
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Great Lakes–St. Lawrence Seaway system could
increase the risk of ships being grounded, while
higher sea levels and more severe weather could
make marine shipping conditions more hazardous.
Indirect effects on human health may result from
changes in transportation associated with climate
change. For example, access to emergency health
care may be affected by transportation disruptions,
but there is little information on these types of
issues. Relationships between air pollutants, including tailpipe emissions from cars, and air quality
and human health are addressed in the ‘Human
Health and Well-Being’ chapter of this report.

Demand for Transportation
Economic and social factors are the main drivers of
transportation demand. Because climate change is
likely to affect local and regional economies, it will
likely also have an indirect effect on transportation
demand. While it is impossible to estimate the
consequences of climate change for transportation
demand with any certainty, it seems intuitive that
climate change could affect the location and timing
of demands for transportation of specific freight
commodities, particularly those that are weather
sensitive. For instance, should the spatial pattern
of agricultural production change in response to an
extended growing season or other climate-related
factors (see ‘Agriculture’ chapter), it is reasonable
to expect some new demands for transportation to
arise and some existing ones to wane. It is also reasonable to expect that climate change will impact
tourism, regional growth, energy production and
even immigration, with implications for geographic
patterns of movement and demands on the various
modes of transportation.
In addition to climate-triggered changes in
demand, it is also important to consider transportation trends and forecasts(4) and whether these are
likely to amplify or reduce weather-related disruptions and costs. Most projections for North America
forecast greater mobility in the decades ahead, both
in an absolute sense and per capita, with road and
air travel growing most rapidly.(4) At present, both
road and air travel have a number of weather sensitivities that are likely to continue into the future.
These need to be addressed appropriately in climate
change impacts and adaptation studies, as well as
in decision making in the transportation sector.
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Adaptation in the
Transportation Sector
“Perhaps more than any other sector, adaptive
measures undertaken in transportation will
emphasize capitalizing upon the opportunities
afforded by climate change.” (22)
The Canadian transportation sector has invested in
a large number of adaptive measures to accommodate current climate and weather variability. Many
of these responses, intended to protect infrastructure, maintain mobility and ensure safety, involve
significant expenditures but result in a robust system that is able to accommodate a wide range of
conditions, as currently experienced. Transportation
systems, however, represent long-term investments
that cannot be easily relocated, redesigned or
reconstructed. Thus, there is a need to be forward
looking and to consider not just our recent past,
but also our near and longer term future.
Under a changed climate, the nature and range
of adaptive measures would likely change, with
costs increasing in some areas and decreasing in
others. However, current literature suggests that the
risks will be manageable, with appropriate forward
planning. Nevertheless, at this time, there is little
evidence that climate change is being factored into
transportation decisions. The following discussion
provides examples of current practices, innovations
and potential adaptations that may reduce vulnerability related to climate change. The discussion focuses
mainly on planned, rather than reactive, responses.

Design and Construction Standards
and Practices
Weather sensitivities are reflected in design and
construction standards and protocols. No matter
what the form of infrastructure, new or existing,
the transportation planning process should consider
the probable effects of climate change, potentially
building in more resilience to weather and climate.
For coastal areas threatened by sea level rise and
storm surges, adaptations may include relocation
of facilities and redesigning and/or retrofitting

structures with appropriate protection (see ‘Coastal
Zone’ chapter). One example of where this has
occurred is Confederation Bridge, which links
Prince Edward Island to mainland New Brunswick.
In this case, a one-metre rise in sea level was
incorporated into the design of the bridge to reduce
the potential effect of global warming over the
estimated 100-year life of the bridge.(65, 66)
For asphalt-surfaced facilities, such as roads and
airstrips, temperature variations are currently considered in the selection of asphalt cements (and
asphalt emulsions for surface-treated roads). The
intent is to minimize both thermal cracking under
cold temperatures and traffic-associated rutting
under hot temperatures. To accommodate warmer
summers in southern Canada, more expensive
asphalt cements may be required, because materials
used in roadways have a limited tolerance to heat,
and the stress is exacerbated by the length of time
temperatures are elevated.(22) Although there may
be associated costs, this could be accommodated at
the time of construction or reconstruction. Changing
patterns of freeze-thaw damage are more difficult
to plan for, but innovations related to design and
construction may reduce current and future vulnerability of Canada’s road network. For example,
research conducted by the National Research

Council is addressing ways to reduce heaving
and cracking of pavement around manholes.
For transportation and other structures built on
permafrost, a number of lessons have been learned
over the past century. For example, failure to
incorporate appropriate design techniques and
regularly maintain the rail line between The Pas
and Churchill, Manitoba in the early 20th century
resulted in significant damage, as subsidence
and frost heave twisted and displaced some rail
sections.(27) Today, although construction over
or through permafrost is based on careful route
selection, most decisions do not account for future
climate change, due in part to insufficient availability
of data and maps (see Box 3). There are, however,
several options that are used to improve the longevity
of infrastructure built on permafrost. For example,
polystyrene insulation was placed under one part
of the Dempster Highway near Inuvik,(27) and the
Norman Wells pipeline, in operation since 1985,
has many unique design features to minimize disturbance in the thaw-sensitive permafrost. Another
possibility is to construct temporary facilities, which
can be easily relocated (e.g., reference 67). Again,
these practices have associated costs, but they
illustrate that capacity exists to deal with variable
climate in a highly sensitive environment.

BOX 3: Route selection in permafrost regions (68)
Higher temperatures are expected to decrease both the extent and thickness of permafrost in the Mackenzie Valley,
as well as increase the temperature of the permafrost that is preserved. All of these factors could compromise the
reliability and stability of transportation routes and other engineered structures.
Most permafrost maps do not contain sufficient information to address the relationship between climate change and
permafrost. In this study, researchers used models to define the associations between changing climate and ground
temperatures. Work is now underway to
apply these modelling approaches to highresolution (<100 m) spatial data for the
Mackenzie Valley in support of transportation decision making, including selecting
potential new road and pipeline routes.
Model results showing distribution of
permafrost in a portion of the Mackenzie
Valley under equilibrium conditions of
baseline climate (left) and a warming
of 2°C (right)
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There are also innovative approaches for dealing
with short or uncertain ice-road seasons. Possible
adaptations include increased reliance on barge
transport during the summer; more expensive construction and maintenance of ice roads that would
extend their seasonal life (e.g., construction of
permanent stream crossings); the construction of
all-season roads; and other innovations, such as
the recent decision to transport oilfield equipment
over ice roads in the Canadian Arctic and Alaska
with the assistance of balloons.(69)
In terms of inland shipping, it may be appropriate
to design wider or deeper locks than would be warranted under the present climate, since it is easier
to design for climate change than to do a retrofit.
Another alternative for the Great Lakes–St. Lawrence
Seaway system would be to invest in vessels that
require less draft. Dredging is a common response
to low water levels (reference 70; see also ‘Coastal
Zone’ chapter) and was used extensively to manage
recent (2001) drought impacts, although some
researchers have identified concerns over the
disposal of contaminated sediment.(71)
Both the full effects of climate change and the
service life of many forms of transportation infrastructure will be realized over decades, rather
than years. It is therefore important that applied
scientific research be undertaken to help ensure
that infrastructure that is replaced or retrofitted
realizes its full service life.

Information Systems
Transportation managers use advisory, control
and treatment strategies to mitigate environmental
impacts on roadways. Each of these requires
detailed site-specific information, often in real time.
Information on atmospheric and other physical
conditions may be integrated with Intelligent
Transport Systems (ITS), such as automated trafficcontrol and traveller-advisory systems, to address
transportation challenges. Throughout the developed
world, governments are investing hundreds of
millions of dollars in ITS, with a view to improving
mobility and safety and also reducing maintenance
costs. One example of a weather-specific information
system is ARWIS (Advanced Road Weather
Information Systems), which is used primarily for
winter-maintenance decisions. For example, the
Ontario Ministry of Transportation uses information
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from 39 ARWIS monitoring stations to monitor and
predict road and weather conditions, and reduce the
use of salt on roads.(72) Another example is the use
of the Automated Identification System (AIS) for
navigation, which is used to transmit information
between ships and between the shore and ships.
This information can include data on water levels,
wind speed and ice conditions, as well as safetyrelated messages (e.g., reference 73).
From a climate change perspective, there is a need
to help steer the development and implementation
of information technologies so that mobility and
safety benefits will be maximized under future,
as well as current, conditions.

Shifts to More Resilient and
Sustainable Systems
There is increasing support for moving toward a
more sustainable transportation system in Canada,
one that would add environment and equity to
existing priorities of efficiency and safety.(74)
Fortunately, many initiatives that are consistent
with sustainability principles not only facilitate
the reduction of greenhouse gas emissions, but
also increase resilience to potential climate change
impacts. These may include the adoption of selected
new technologies and best-management practices,
as well as changes in travel patterns that reduce
exposure to risk. For personal mobility, promising
examples include encouraging information-sector
employees to work from home (telework); changing
land-use patterns to shorten commutes and increase
accessibility to goods and services; and providing
financial incentives to use transport modes that are
inherently safer and more reliable, even in the face
of a changing climate.

Knowledge Gaps and
Research Needs
Despite considerable work examining climate change
impacts and adaptation over the past two decades,
relatively little attention has been given to built
infrastructure and engineered systems, including
transportation. This is reflected in the recent Third
Assessment Report of the Intergovernmental Panel
on Climate Change,(75) where less than one page

of the vulnerabilities, impacts and adaptations
report is devoted to transportation. Rather, much of
the work on transportation and climate change has
been directed toward mitigation issues. This is not
surprising, considering that transportation accounts
for a significant share of global greenhouse gas
emissions.(76, 77)
Therefore, it is to be expected that many gaps
exist in our understanding of potential climate
change impacts and adaptation strategies in the
transportation sector. Given the limited amount of
work that has been completed, virtually all impact
areas and adaptation strategies require further
investigation. Specific priorities identified within
papers cited in this chapter include:
• greater attention to impacts and adaptation issues
for road transportation in southern Canada;
• increased research on the vulnerability of
Canadian roads to changes in thermal conditions,
including freeze-thaw cycles and extreme
temperatures;
• studies that assess the significance of extreme
weather events and weather variability in the
design, cost, mobility and safety of Canadian
transportation systems;
• a more thorough evaluation of existing adaptive
measures and their relative ability to defer infrastructure upgrades, reduce operational costs,
and maintain or improve mobility and safety;
• comprehensive studies that focus on key issues
for shipping and navigation, including the opening of the Northwest Passage and lower water
levels in the Great Lakes–St. Lawrence Seaway
system;
• an analysis of how changes in factors external
to climate, such as technology, land-use patterns
and economics, affect societal vulnerability to
climate and climate change; and
• studies that integrate mitigation (greenhouse gas
emissions reduction) and climate change–related
impacts and/or adaptation issues.
All of this research should be conducted in
close working relationships with stakeholders,
which in turn will provide the best opportunity for
weather- and/or climate-sensitive issues to become
acknowledged in legislation, standards and policies.

Consideration of the institutional arrangements
that would best foster appropriate adaptations
in all parts of Canada is also important.

Conclusion
The Canadian transportation system is massive, and
its planning, construction and use endure over many
decades. It is therefore necessary to consider how
future economic, social and physical conditions,
reflecting both future changes in climate and other
factors, are likely to impact transportation, and
what types of adaptation strategies would increase
resilience of the system. From a physical perspective,
climate change is likely to create both challenges
and new opportunities for transportation systems
in Canada.
Until the late 1980s, there had been virtually no
attempt to understand the implications of climate
change for transportation, either in Canada or
globally. Significant progress has since been made.
The research community has begun the tasks of
identifying and characterizing the potential impacts
on those components of the transport system that
are most vulnerable to a changed climate. These
include northern ice roads, Great Lakes shipping,
coastal infrastructure that is threatened by sea level
rise, and infrastructure situated on permafrost. The
climatic sensitivity of northern landscapes has partly
contributed to relatively greater attention, to date,
being given to infrastructure and operations issues
in northern Canada. This has occurred despite the
fact that transportation in southern Canada accounts
for the vast majority of domestic and cross-border
movement of freight, and more than 90 percent of
domestic passenger trips. The limited work that
has been done suggests that milder and/or shorter
winters could translate into savings, but the state
of knowledge is not adequate to make quantitative
estimates. Furthermore, higher temperatures and/or
changes in precipitation, including changed frequencies of extreme climate events, may exacerbate other
weather hazards or inefficiencies. Nonetheless, it
appears at this time that the potential impacts of
climate change on transportation may be largely
manageable, providing that Canadians are prepared
to be proactive and include climate change considerations in investment and decision making.
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Human Health
and Well-Being

“C

oncern for human health is one of the most compelling
reasons to study the effects of global climate change.
Health reflects the combined impacts of climate change

on the physical environment, ecosystems, the economic environment,
and society…”(1)

Good health, which requires physical, mental and
social well-being, is a key determinant of quality
of life. As a result, health and health services are
extremely important to Canadians. The health care
and social services sector employs more than 1.5 million Canadians, and over $102 billion per year is
spent on health services.(2) This spending on health
care accounts for about 9.3% of the total annual
value of goods and services produced in Canada
(Gross Domestic Product). This represents an average of approximately $3,300 per person per year.(2)

At a very basic level, the relationship between
health and climate in Canada is demonstrated by
the strong seasonal variability in the incidence of
infectious diseases(3, 4) and the persistent seasonal
pattern in mortality (Figure 1; reference 5). The
monthly number of deaths tends to reach a low in
August, then rises to a peak in January and declines
again during the spring and summer months. Many
of the winter deaths result from pneumonia,(5) suggesting that seasonal changes in weather and climatic
conditions influence respiratory infections. Deaths
from heart attacks and strokes likewise show strong
seasonal fluctuations, with peaks in both summer
and winter.(5)

% of average daily number of deaths

FIGURE 1: Seasonality of deaths in Canada, 1974–1994 (adapted from Statistics Canada Web site,
http://www.statcan.ca/english/indepth/82-003/archive/1997/hrar1997009001s0a05.pdf, March 2003)
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Another strong linkage between climate and human
health is seen in the impacts of extreme climate
events and weather disasters. Flooding, drought,
severe storms and other climate-related natural
hazards can damage health and social well-being
by leading to an increased risk of injury, illness,
stress-related disorders and death. In recent years,
this has been dramatically demonstrated by the
effects of the 1996 flood in the Saguenay region
of Quebec, the 1997 Red River flood in Manitoba,
and the 1998 ice storm in eastern Ontario, southern
Quebec and parts of the Maritime Provinces.(6, 7, 8, 9)
Trends in illnesses and deaths associated with air
pollution, extreme weather events, allergies, respiratory diseases, and vector-, food- and water-borne
diseases all illustrate that weather and climatic
factors influence health and well-being.(10, 11, 12)
Therefore, there is concern that climate change of
the magnitude projected for the present century by
the Intergovernmental Panel on Climate Change
(1.4–5.8°C increase in mean global temperature;
reference 13) may have significant consequences
for health and the health care sector in Canada.
Indeed, results of climate modelling exercises,(14)
assessments of regional environmental and resource
vulnerabilities,(15) and climate abnormalities experienced across the country in recent years all indicate
that changes in climate could make it more difficult
to maintain our health and well-being in the future.
The potential impacts of climate change are classified
as either direct (e.g., changes in temperature-related
morbidity and mortality) or indirect (e.g., shifts in
vector- and rodent-borne diseases).(16) Of particular
concern are the effects on more vulnerable population groups, including the elderly, the infirm, the
poor and children. Rural residents, who may have
to travel farther for health care, and those relying
directly on natural resources for their livelihood
(e.g., some aboriginal communities), are also considered to be potentially more vulnerable. Overall,
health effects will be a function of the nature of
climatic changes, exposure to changes, and our
ability to mitigate exposure. Although most of the
literature focuses on the negative impacts of climate
change on human health, certain benefits, such as
decreases in illness and mortality related to extreme
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cold, are also expected.(17) Some of the key issues
related to health and climate change in Canada are
listed in Table 1.
Although Canadians are generally considered to be
well adapted to average conditions, we continue to
be challenged by extreme climate events, which
sometimes fall outside our current coping range.
There are concerns that future climate change will
cause this to happen more frequently, and further
limit our ability to cope. In fact, any environmental
and socio-economic impact resulting from climate
change would place additional stress on a health
infrastructure that is already dealing with a wide
range of challenges. Strategies that serve to reduce
the negative impacts of climate change on the
Canadian health sector are therefore required.
Determining which adaptation options are most
appropriate will require an assessment of the vulnerabilities and adaptive capacities of different
regions, communities and population groups.
This chapter presents an overview of the major
potential impacts of climate change on human
health and well-being, and highlights some initiatives that have already been undertaken to better
understand the impacts on Canadians and help
provide information for the development of adaptation strategies.

Previous Work
“Climate change is likely to have wide-ranging and
mostly adverse impacts on human health.”(19)
In their summary of research as part of the Canada
Country Study, Duncan et al.(17) identified a range
of health-related climate change impacts, and discussed the role of potential adaptation strategies.
Key concerns included the effects of climate change
on heat- and cold-related mortality, a possible
northward expansion of vector-borne diseases,
an increase in food-borne diseases, changes in the
amounts and quality of available water resources,
and weaknesses in the public health infrastructure.

TABLE 1: Possible health impacts from climate change and variability in Canada (18)
Health concerns

Examples of Health Vulnerabilities

Temperature-related morbidity and mortality

• Cold- and heat-related illnesses
• Respiratory and cardiovascular illnesses
• Increased occupational health risks

Health effects of extreme weather events

•
•
•
•
•

Damaged public health infrastructure
Injuries and illnesses
Social and mental health stress due to disasters
Occupational health hazards
Population displacement

Health effects related to air pollution

•
•
•
•

Changed exposure to outdoor and indoor air pollutants and allergens
Asthma and other respiratory diseases
Heart attacks, strokes and other cardiovascular diseases
Cancer

Health effects of water- and
food-borne contamination

• Enteric diseases and poisoning caused by chemical and biological contaminants

Vector-borne and zoonotic diseases

• Changed patterns of diseases caused by bacteria, viruses and other pathogens
carried by mosquitoes, ticks and other vectors

Health effects of exposure to ultraviolet rays

• Skin damage and skin cancer
• Cataracts
• Disturbed immune function

Population vulnerabilities in rural and
urban communities

•
•
•
•
•
•
•

Seniors
Children
Chronically ill people
Low-income and homeless people
Northern residents
Disabled people
People living off the land

Socio-economic impacts on community
health and well-being

•
•
•
•
•
•

Loss of income and productivity
Social disruption
Diminished quality of life
Increased costs to health care
Health effects of mitigation technologies
Lack of institutional capacity to deal with disasters

Particular attention was paid to the effects of high
temperature combined with poor air quality in large
southern Canadian cities. It was concluded that, in
cities such as Toronto, Ottawa and Montréal, the
degree of warming projected over the next few
decades could lead to a significant increase in
the number of deaths during severe heat waves,
particularly among the elderly and the infirm.

The Canada Country Study also drew attention to
potential increases in disease transmission and
bacterial contamination due to climate change.
For example, heavy rainfalls could increase outbreaks
of infectious diseases such as cryptosporidiosis and
giardiasis (‘beaver fever’). Warmer temperatures
would generally favour the survival of cholera
bacteria, as well as the growth of certain algae
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that release toxins that can accumulate in fish or
shellfish. A warmer environment resulting from
climate change could also enhance the prevalence
of food-borne diseases from enteric bacteria and
viruses, favour the northward spread of mosquitoes
and ticks capable of transmitting disease (e.g., dengue
fever, yellow fever and malaria), and increase the
number of disease-carrying rodents and their contact
with humans.
Duncan et al.(17) also discussed the need for both
short- and long-term adaptations that would reduce
the health impacts of climate change. Such adaptation measures include introducing weather-watch
warning systems, assisting acclimatization to
extreme heat, and improving public outreach and
education. The need for increased research, including interdisciplinary studies, was also stressed.

BOX 1: Climate-related health issues in
the Prairie Provinces (21, 22, 23)
Researchers in the Prairies used round-table
discussions, e-mail communications and a literature review to document possible human health
effects of climate change, and to identify priority
research areas.
This work revealed that key concerns for the Prairie
Provinces include:
• impact of drought on stress levels in farming
communities;
• effects of forest fires on air quality;
• increased probability of food-borne illness;

Health Effects of Climate
Change and Climate Variability
“Global climate change would disturb the Earth’s
physical systems and ecosystems; these disturbances,

• impacts of heat waves on vulnerable
populations;
• contamination of surface water due to extreme
rainfall events; and
• effects of floods and other hazards on physical
safety and mental health.

in turn, would pose direct and indirect risks to
human health.”(20)
Our health and well-being are strongly influenced
by weather and extreme events. A changing climate
would affect mortality and injury rates, illnesses
and mental health. These impacts would result from
changes in factors such as temperature extremes,
air quality, water- and vector-borne diseases, and
extreme weather events. The impacts would vary
across the country, with different regions facing
different priority issues. Some of the key healthrelated concerns in the Prairie Provinces are
shown in Box 1.
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Temperature Stress
Climate change is projected to cause milder winters
and warmer summers. People will largely be able
to adapt to gradual changes in average temperatures
through normal acclimatization. However, higher
air temperatures are also expected to increase the
frequency and intensity of heat waves.(16) Heat
waves can exceed the physiologic adaptive capacity
of vulnerable groups, such as infants, the elderly
and those with pre-existing health conditions. The
impacts of heat waves tend to be greater in urban,
rather than suburban or rural areas, likely owing
to both the ‘heat island’ effect (see Figure 2) and
higher levels of air pollution.(16) Studies have suggested that an increase in the number of days of
extreme heat (above 30°C) over this century, would
result in greater heat-related mortality in some urban
centres in southern Canada.(24, 25) However, it should

be noted that seasonal acclimatization and appropriate adaptation measures, such as access to air
conditioning and necessary medical care, could
reduce the number of deaths.(26)
Research suggests that the timing and characteristics
of heat waves may influence the degree of health
impacts. For example, heat waves that occur earlier
in the summer tend to result in more deaths than
those that occur later in the season, as people have
not yet acclimatized to warmer weather.(27) In addition, current warming trends show that night-time
minimum temperatures are increasing more rapidly
than daytime maximum temperatures, and climate
models suggest that this trend will continue.(28)
This means that, during future heat waves, there
would be less relief due to night-time cooling than
there is at present, and this would further increase
temperature stress.(29)

FIGURE 2: Urban heat island profile
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As well as affecting mortality rates, extreme high
temperatures would also influence a range of heatrelated illnesses. Direct impacts of extreme heat
include heat fatigue, exhaustion, heat rash, cramps
and edema, as well as heat stroke and sunstroke.
Indirect impacts, such as pre-existing health conditions exacerbated by extreme heat, cover a wide
range of circulatory, respiratory and nervous system problems.(30) Factors that increase the risk of
heat-related illnesses include old age, medication
use (especially anticholinergic and psychotropic
medications), obesity, previous heat injury and
skin disorders.(31) Heat-related illnesses place
additional stress on health infrastructure and
can cause significant economic costs.(30) Studies
suggest that, although heat-related health effects
are reflected in hospital admissions (see Box 2),
the relationship can be difficult to quantify because
ambulance and hospital admission records are
presently not designed to capture such data.

In the far north, summers tend to be shorter and
cooler, and people and animals are acclimatized
to lower temperatures than those characteristic of
southern Canada.(32) Therefore, what constitutes a
health-threatening heat wave in the northern territories may be quite different than in southern Canada.
Although cold snaps will continue to be a problem
in the future,(33, 34) researchers project that the
frequency of extreme cold events will decrease,
with resultant benefits for the health care sector.
Throughout Canada, during the second half of the
20th century, there were many more deaths due to
excessive cold than from excessive heat (2 875 versus 183, respectively, between 1965 and 1992).(17)
A reduction in extreme cold events would be
especially beneficial for the homeless, who may
be unable to obtain the shelter necessary to avert
cold-related illness and death.

Air Pollution and Related Diseases
BOX 2: Identifying heat-related illnesses
and death (30)
In this study, researchers examined health-care
records of hospital visits to determine if they were
suitable for assessing heat-related health effects.
They looked for such factors as relationships
between heat-related illnesses (see text for
examples) and heat stress periods (air temperatures greater than or equal to 30°C) between
1992 and 1999.
The researchers noted that there are limitations in
using these records for this purpose. Nevertheless,
in comparing data for two Ontario cities, Ottawa
and London, they found that Ottawa had almost
twice as many heat stress periods (22 versus 12),
and Ottawa hospitals treated more than double
the number of patients for heat-related health
problems (117 versus 53). The researchers concluded that medical records may, in fact, assist
in monitoring the health effects of heat and identifying vulnerable population groups in different
cities and regions.
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Air quality influences many respiratory ailments.
Although the average concentrations of toxic air
pollutants in Canada have generally been reduced
to fairly low levels, relative to those experienced
50 years ago, the daily and seasonal rises in levels
of air pollution are still closely followed by peaks
in the number of people admitted to hospitals or
dying of respiratory and circulatory diseases.(35, 36)
Air pollution causes and exacerbates acute and
chronic illnesses, such as lung disease, and results
in increases in health care costs and premature
deaths.(37) Air quality is especially a concern in
the most populous regions of Canada, including
the Windsor to Québec corridor and the lower
Fraser Valley of British Columbia, where summer
air pollution levels often reach hazardous levels.
Indeed, it is estimated that approximately two-thirds
of Canadians live in regions that suffer from high
smog levels in the summer.(38) Children and the
elderly are groups considered particularly susceptible to poor air quality.(39)
Climate change could affect both average and peak
air pollution levels.(24) For example, background concentrations of ground-level ozone (a pollutant that
irritates the lungs and makes breathing difficult) are
expected to increase over mid-latitudes due, in part,

to higher temperatures,(16) whereas intense smog
episodes are projected to become more frequent
during summer months as a result of climate
change.(24) Higher summer temperatures are also
likely to increase energy consumption for cooling,
thereby adding to pollution emissions.(38) There is
general recognition, however, that shifts to cleaner
energy sources(40) and other reductions in greenhouse gas emissions(41, 42) will yield health benefits.
Airborne particulates from natural sources, such
as forest fires and wind erosion, also have the
potential to increase as a result of climate change.
During recent drought years, large forest fires have
spread smoke across areas covering more than
200 000 square kilometres.(43) In July 2002, smoke
from large forest fires in Quebec caused New York
to issue a statewide alert for people with respiratory and heart conditions to remain indoors.(44)
Particulates in forest fire smoke can irritate the
respiratory tract when they are inhaled.(45) Forest
fires could increase in frequency and severity
in some regions of Canada as a result of future
climate change (see ‘Forestry’ chapter).
An increase in drought could also lead to increased
concentrations of dust in the air due to wind erosion of soils,(38) particularly on the Prairies, where
dust storms presently represent a significant natural
hazard.(46) Alkali dust emissions, resulting from
wind erosion of dried salt lake beds, have caused
nasal, throat, respiratory and eye problems for some
rural residents on the southern Prairies and could
become more common if climate change results in
further drying of saline lakes in this region.(46)

Waterborne Diseases
Heavier rainfall events and higher temperatures
resulting from climate change may increase the
occurrence of waterborne diseases, such as giardiasis and cryptosporidiosis. Although such diseases are
generally not serious for most of the population, the
very young, the elderly and those with compromised
immune systems may be vulnerable. Heavy rainfall
events and flooding can flush bacteria, sewage, fertilizers and other organic wastes into waterways
and aquifers (see ‘Water Resources’ chapter). If not

properly treated, such events can lead to the direct
contamination of drinking water supplies.
Recent examples of waterborne disease outbreaks
related, at least in part, to climatic conditions include
those caused by E. coli in Walkerton, Ontario (2000);
Cryptosporidium in Collingwood, Ontario (1996);
and Toxoplasma in the greater Victoria area, British
Columbia (1995). In Walkerton, expert witnesses
testified that the outbreak, which resulted in seven
deaths and thousands of illnesses, could be partly
attributed to an unusually heavy rainfall event,
which followed a period of drought.(25) Such trends
are receiving growing recognition; researchers have
determined that more than 50% of waterborne disease outbreaks in the United States between 1948
and 1994 were preceded by extreme precipitation
events.(47) A detailed discussion of the causes and
history of infectious diseases associated with contaminated drinking water in Canada is provided
by Krewski et al.(48)
Increases in temperature would also exacerbate
water contamination, as higher temperatures
encourage the growth and subsequent decay of
algae, bacteria and other micro-organisms, causing
odour and taste problems and, in extreme cases,
even rendering the water toxic (reference 49; see
also ‘Water Resources’ chapter). In addition, higher
water temperatures and storm water runoff, combined with greater use of beaches, have been
associated with increases in infectious illnesses
in people using recreational waters.(50)

Food-Borne Diseases
An increase in heavy rainfall events and higher
temperatures may increase the occurrence of
toxic algal outbreaks in marine environments
(reference 51; see also ‘Fisheries’ chapter). Toxic
algal blooms can contaminate shellfish, which
in turn pose a danger to human health through
paralytic shellfish poisoning. Increased problems
with contamination of both domestic and imported
shellfish are possible. Food poisoning from contamination of other imported foods may also
increase, as rising air temperatures allow microbes
to multiply more quickly.(52)
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Vector- and Rodent-Borne Diseases
Vector-borne diseases are infections that are
transmitted to humans and animals through bloodfeeding arthropods, such as mosquitoes, ticks
and fleas. Insect- and tick-borne diseases, such
as West Nile virus, Eastern and Western Equine
Encephalitis (transmitted by mosquitoes), Lyme
disease and Rocky Mountain Spotted Fever (transmitted by ticks),(53, 54) already cause human health
problems in some parts of Canada. Rodent-borne
viruses, capable of causing illnesses and deaths in
humans, are also present in much of southern
Canada.(55) Hantaviruses, which can cause fatal
infections (pulmonary syndrome), are of particular
public health concern because the deer mice that
carry hantaviruses tend to invade dwellings and
are present across Canada as far north as the
Yukon Territory and the Northwest Territories.(56, 57)
Rodents may also carry tick-borne diseases, such
as Babesiosis.(58)
There are concerns that future changes in climate
could lead to conditions that are more favourable
for the establishment and/or proliferation of vectorand rodent-borne diseases.(24) The impacts of climate
change on these diseases are generally expected to
result from the effects of changing temperature, rainfall and humidity on the vector species, although
the development rates of the pathogens themselves
may also be affected. For example, longer and
warmer springs and summers resulting from climate
change could increase mosquito reproduction and
development, and also increase the tendency of
mosquitoes to bite.(29) Mosquitoes would also benefit from warmer winters, as cold temperatures
currently reduce mosquito populations by killing
mosquito eggs, larvae and adults.(29) Furthermore,
increases in extreme weather events, especially
those that trigger flooding, could increase breeding
areas for mosquitoes by creating more shallow
pools of stagnant water.(29)
Observed trends in Lyme disease and West Nile
virus illustrate how quickly new and emerging diseases can spread. For example, Lyme disease has
extended its range significantly across the United
States since the 1980s, and is now considered to
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be a major public health concern.(59) Although the
disease is still rare in Canada, warmer weather
and the northward migration of animals and birds
that carry infective ticks could further expand its
range.(38) The recent, extremely rapid spread of
West Nile virus across the United States and Canada,
although not due to climate change, is another
example of how quickly and widely a newly introduced virus can expand its range. Conditions
expected to result from climate change could further
facilitate the spread of the virus northward.(38)
Another potential future health concern in Canada
is the re-emergence of malaria as a result of climate
change, increased travel and immigration, and
increased drug resistance.(60) Malaria-infected persons exposed to North American mosquitoes capable
of transmitting the causative Plasmodium parasite
can cause localized outbreaks of infections.(60, 61, 62)
In addition, new insect vectors, such as the ‘tiger
mosquito’, which has spread across 25 states since
its introduction to the US from Asia in 1987,(63)
may extend their range to southern Canada if
climate conditions become more favourable.(38)
Nevertheless, there remains considerable uncertainty
regarding how climate change will affect vector lifecycle and disease incidence of malaria, especially in
a North American context.

Allergens
Changes in temperature, precipitation and length of
the growing season would all impact plant growth
and pollen production, and ultimately human health
by, for example, extending the allergy season.(16)
Studies have also shown that elevated concentrations of atmospheric carbon dioxide can enhance
the growth and pollen production of ragweed, a key
allergy-inducing species.(64) Although not all species
of allergen-producing plants will necessarily react
in a positive manner to changed climate conditions,
a more stormy climate may sweep more allergens
into the air and lead to more frequent allergy outbreaks.(65) Stormy winds may also increase airborne
concentrations of fungal spores, which have been
shown to trigger asthma attacks.(66)

Ultraviolet (UV) Radiation
Exposure to ultraviolet (UV) radiation is expected to
rise in future, leading to an increase in temporary
skin damage (sunburn), eye damage (e.g., cataracts)
and rates of skin cancer.(67, 68) Increased UV exposure
could result from a number of factors associated
with climate change, including stratospheric ozone
depletion due to increased concentrations of some
greenhouse gases, and increased development of
high-altitude clouds.(38) Longer summer recreational
seasons resulting from global warming may also
contribute to increased population exposure to
solar UV radiation.

Effects on Human Behaviour
Climate also has an influence on mental health.
This is particularly evident in the case of climaterelated natural hazards, where property losses and
displacement from residences can cause significant
psychological stress, with long-lasting effects on
anxiety levels and depression.(23) Social disruptions
resulting from family and community dislocations
due to extreme weather events pose a special stress
for children(69) and those of lower socio-economic
status.(70) Increased levels of anxiety and depression
were seen among farmers experiencing crop failures
due to drought(23) and among victims of the 1997
Red River flood.(8)
Temperature also appears to influence human
behaviour. In the Montréal area, researchers found
that the number crimes per day tended to increase
with daily maximum temperature up to about
30°C.(71) Another study found that higher summer
temperatures are linked to increases in human
aggression.(72) Linkages may also exist between
extreme climate events, aggression and crime rates.
For instance, increased aggression could result from
crowding of disoriented and distressed people in
temporary emergency shelters.(73) A recent study
examined how the ice storm of 1998 affected crime
rates in three regions of Quebec (see Box 3).

Health Impacts in Northern Canada
In addition to being affected by many of the health
concerns listed in Table 1, communities in northern
Canada will face additional challenges resulting

BOX 3: Crime rates during the 1998 ice storm (73)
This study compared crime statistics for January
1997 and January 1998, to determine how the
physical and social disruption, due to the 1998 ice
storm, of communities in three regions of Quebec
(Montréal, Montérégie and central Quebec) influenced different types of crimes committed.
The study found that there was no uniform trend
in crimes committed in the three regions during
the ice storm, although the total number of crimes
in most crime categories decreased compared with
the same time period in the preceding year. In
Montréal, for instance, there were fewer thefts,
especially from grocery stores, non-commercial
enterprises and banks, but there were increases in
vehicle thefts from car dealerships. Montréal and
Montérégie also saw an increase in arson during
the ice storm. In central Quebec, there was a
decrease in almost all types of crime.
The study concluded that five factors affected
criminal behaviour during the crisis:
• the extent of social disruption;
• the opportunities for committing crime;
• inhibiting factors (e.g., increased surveillance
and blocked access);
• informal social controls (i.e., altruism); and
• disaster preparedness.

from the impacts of climate change on the physical
and biological environments in the North. There is
strong evidence that northern regions are already
experiencing the impacts of climate change, particularly changes in the distribution and characteristics
of permafrost, sea ice and snow cover.(74, 75, 76)
For example, residents of Nunavik and Labrador
reported changes in the physical environment, over
the last 20 to 30 years, that have had discernible
effects on travel safety and on their ability to hunt
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traditional food species and obtain access to clean
drinking water.(75) There is concern among northern
communities that such impacts will continue and
worsen in the future (see Box 4).
Another concern for northern residents is the
possible impact of climate change on traditional
food sources (see ‘Coastal Zone’ chapter). Higher
temperatures may accelerate both the loading of
the northern environment with pollutants and the
release of pollutants from soils and sediments
into ecosystem food webs. For example, research

BOX 4: Health impacts in Nunavik and Labrador (75)
In this study, researchers examined the potential
health impacts of climate change on communities
in Nunavik and Labrador by integrating information
from scientific and Inuit knowledge.
In addition to conducting literature reviews and
consultations with scientists and health professionals, the researchers also worked with groups
of elders, hunters and women in the region. This
allowed them to develop a better understanding of
the main concerns related to climate change for
communities in this area. The researchers used
the information gathered to produce a series of
fact sheets and identify areas in need of further
research. This work will help northern decisionmakers and residents deal with the potential
impacts of climate change.

Photo courtesy of S. Bernier

Kuujjuaq, Nunavik
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suggests that climate warming could enhance the
uptake of toxic metals by fish. Elevated levels of
cadmium and lead in Arctic char have been attributed to higher fish metabolic rates, induced by
higher water temperatures and longer ice-free
seasons (see ‘Fisheries’ chapter; reference 77).
The safety and benefits of traditional food sources
are an important issue for northern residents.
In addition, a warmer climate could make it more
difficult to safely conserve perishable foods through
cold storage in snow or ice, or through natural
freezing.(76) Poisoning (botulism) from traditional
foods stored at insufficiently low temperatures has
been a recurring public health problem in Alaska,
and is being addressed by educational programs.(78)

Adaptation
Adaptation measures have the potential to greatly
reduce many of the potential health impacts of
climate change.
Canadians escape many climate-related extremes
by using a wide range of physical and social adaptation measures. Seasonal changes in our clothing
and lifestyles, the design of our buildings and
other structures, and behavioural, social and economic adaptations have allowed us to remain
generally healthy and comfortable except under
the most extreme weather and climate conditions.
Nevertheless, the possibility that future climate
changes will force Canadians to deal with conditions
beyond the range of historical experience suggests
that there will be new stresses on the health sector
and that additional adaptation will be necessary.
To address population health risks resulting from
climate change, a two-step process, in which the
risks are managed in a systematic and comprehensive manner, has been recommended.(79) First, there
is a need to assess the vulnerabilities and adaptive
capacities of different regions, communities and
population groups. The next step would involve
identification and selection of the most appropriate
response strategies. The linkage between climate
change mitigation and adaptation actions is particularly strong in the health sector because of

the health benefits derived from reducing greenhouse gas emissions. Assessments must take into
account not only the possible impacts of climate
change on the health sector, but also the capacity
to adapt to those impacts. This process is well
suited to being examined as part of an integrated
risk-management framework.(79)
Work has also already started on developing
vaccines against several viruses and protozoa
responsible for emerging infectious diseases prevalent in the tropics, including malaria and West
Nile virus.(80, 81) These new vaccines may help to
limit the future spread of emerging viral diseases.
Monitoring for emerging diseases, and public
education programs that provide information on
reducing the risk of exposure and transmission,
will also serve to limit the threat of infectious
diseases. For example, satellite measurements
could be used to determine linkages between
environmental conditions and the spread of
some pathogen vectors.(82)
As noted previously, health impacts related to an
increased frequency of extreme climate events and
climate-related natural disasters are a key area of
concern. Although many Canadian municipalities
have emergency management plans in place, their
emergency management capacity tends to vary
widely. Communities prone to weather-related
hazards, such as avalanches, floods, heat or cold
waves, or storm surges, should generally be better
prepared to cope with increased frequencies of
such extreme events than communities that have
rarely experienced them, although other factors are
also important. This is exemplified by contrasting
emergency response to the 1997 Red River flood in
Manitoba, where disaster plans proved effective,
with the 1998 ice storm in eastern Ontario and
Quebec, where emergency power supplies, food
distribution systems and emergency shelter provision were insufficient to deal with the crisis.(25)
Measures have since been taken to strengthen
emergency preparedness and response capacity
in the region affected by the ice storm.(83)
In addition to emergency management, another key
component of responding to extreme climate events
is the implementation of early warning systems.(16)

Such a strategy has been successfully introduced
in Toronto to help reduce the health impacts of
extreme heat and cold (see Box 5). Other important
adaptive measures to reduce the health risks of
climate change include land use regulations, such
as limiting floodplain development, and upgrading
water and wastewater treatment facilities (see
‘Water Resources’ chapter).
Several Canadian cities are promoting longer-term
measures aimed at reducing the heat-island effect.
Summer temperatures in urban areas tend to reach

BOX 5: Reducing mortality from temperature
extremes (84)
In June 2001, public health adaptation measures
were implemented in Metropolitan Toronto to help
protect residents from extreme heat and cold
events. Extensive collaborations between many
different governmental (e.g., emergency services,
housing services, libraries) and nongovernmental
(e.g., pharmacy chains, seniors’ networks)
organizations were established to help protect
more vulnerable population groups, such as seniors and homeless people, from thermal extremes.
Some examples of the adaptation strategies
implemented include:
• extreme cold weather and extreme heat
announcements via news media;
• active intervention by public health and volunteer agencies (e.g., street patrols to locate and
care for homeless people);
• increased availability and accessibility of
heated and air-conditioned public buildings,
drop-in centres and shelters; and
• new guidelines for managing long-term
care facilities.
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higher extremes than surrounding rural areas, in
part due to the prevalence of infrastructure and
surfaces, which act to absorb, rather than reflect,
incoming solar radiation. In a Toronto-based study,
researchers recommended promotion of costeffective measures, such as the large-scale use
of light-coloured, reflective ‘cool’ surfaces for
roofs and pavements, and the strategic placement
of vegetation to provide shade.(84) These measures
are being promoted as ‘win-win’ adaptation options,
as they also serve to reduce energy usage.
Other researchers, however, note that adaptation
measures may themselves entail some health and
safety risks. For example, green spaces harbour
animals, birds and biting insects or ticks, which
may serve as reservoirs for infectious diseases
such as Lyme disease(85) and the West Nile virus.
Therefore, careful planning and testing of proposed
adaptation measures, as well as health surveillance
after the introduction of adaptation measures, may
be needed.

BOX 6: Overcoming barriers to adaptation (24)
To overcome barriers to effective adaptation,
researchers recommend the following:
• Develop integrated responses to addressing
climate change and health issues
• Expand existing monitoring, reporting and
surveillance networks to include climaterelated health impacts
• Increase and improve professional and public
education regarding adaptive actions
• Involve organizations, such as the Canadian
Association of Physicians for the Environment,
in education campaigns
• Learn and build from past experiences to
develop organizational structure for proceeding
with an adaptation action plan.

Facilitating Adaptation
A study of the health infrastructure in the
Toronto-Niagara region revealed several barriers
to effective adaptation to climate variability and
change.(24) These barriers stem from knowledge
gaps, insufficient organization and coordination,
and inadequate understanding and communication
of climate change and health issues within the
health community. If adaptation measures are to
be successful, these barriers must be overcome
(see Box 6).
Successful adaptation will also depend on Canadians
becoming more aware of, and actively engaged in,
preparing for the potential health impacts of climate
change. Several nongovernmental organizations
have begun to draw the attention of their members
and the public to the causes and effects of climate
change, and to the need for both mitigation and
adaptation measures. Among these are the Canadian
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Public Health Association(86) and the Canadian
Institute of Child Health, which published its
assessment of the implications of climate change
for the health of Canadian children.(69)
Some key recommendations stemming from these
initiatives include:
• increasing the capacity of the health sector to
manage the risk to human health and well-being
from climate change, particularly for the most
vulnerable population groups, including children,
the elderly, and disabled persons; and
• managing population health risks in a systematic
and comprehensive manner, so that climate
change is integrated into existing frameworks,
rather than being addressed as a separate issue.

Knowledge Gaps and
Research Needs
There is growing awareness that climate change will
place additional stress on the Canadian health sector.
In recent years, numerous studies examining the relationships between climate change and health have
shown that the effects of climate change will not be
uniform, that they will interact with other stresses
on health and the health sector, and that they may
not be clearly localized. Although work has begun
on developing mechanisms and frameworks to
address these issues, there remain many research
needs and knowledge gaps concerning both the
potential impacts and our capacity to adapt.
Some research needs, as identified in the studies
referenced in this chapter, include the following:

Impacts
1) Better understanding of whether and how
climate change could make environmental
conditions in southern Canada more favourable
for the establishment or resurgence of infectious diseases
2) Studies on how climate change will affect the
sustainability, health, safety and food supply
of northern communities
3) Better understanding of the health effects of
heat waves across Canada
4) Better understanding of the impacts of climate
change on the safety and supply of drinking
water for Canadian communities
5) Studies on how extreme climate events affect
mental health and human behaviour

Adaptation
1) Examination of the factors that affect our current
capacity to adapt, including physiological factors, psychological factors (e.g., knowledge,
beliefs, attitudes), socio-economic factors, and
the characteristics of health care systems

3) Further research into the development of preventative adaptation measures, such as the
development of vaccines for emerging diseases
and alert systems for extreme temperatures
4) Research on the role of emergency management
and hazard prevention in reducing the negative
health effects (both physical and psychological)
of extreme climate events
5) Evaluation of the effectiveness and adequacy of
existing measures that are likely to be proposed
as possible adaptation tools, such as public health
advisories (e.g., smog information, boil-water
advisories, beach closings)

Conclusion
Climate change has the potential to significantly
affect human health and well-being in Canada.
Some key concerns include an increase in illness
and premature deaths from temperature stress,
air pollution, and increases in the emergence and
persistence of infectious diseases. The effects of
climate-related natural hazards and extreme events
on both physical safety and mental health are
another concern. Communities in northern Canada
will face additional issues resulting from the
impacts of climate change on ecosystems.
Although there will likely be some benefits, such
as a decrease in cold-weather mortality, negative
impacts are expected to prevail. The impacts will
be greatest on the more vulnerable population
groups, such as the elderly, children, the infirm
and the poor.
Adaptation will be necessary to reduce health-related
vulnerabilities to climate change. Some adaptation
initiatives include the development of vaccines for
emerging diseases, public education programs aimed
at reducing disease exposure and transmission, and
improved disaster management plans. The implementation of early warning systems for extreme heat
is another effective adaptation strategy. Successful
adaptation will require coordinated efforts among
different groups and the consideration of climate
change in health care decision making.

2) Progressive development and implementation of
biological and health surveillance measures as
adaptations to climate change
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Conclusion

“T

he world community faces many risks from climate
change. Clearly, it is important to understand the nature
of those risks, where natural and human systems are

likely to be most vulnerable, and what may be achieved by adaptive
responses” (Intergovernmental Panel on Climate Change, 2001).

Climate Change Impacts and Adaptation: A
Canadian Perspective presents an overview of
current issues in climate change impacts and adaptation in Canada, as reflected in research conducted
over the past five years. The discipline has evolved
significantly, as researchers from a wide range of
disciplines have become increasingly involved.
Enhanced interest reflects the growing realization
that, even with effective mitigation measures, some
degree of climate change is inevitable. Impacts are
no longer viewed as hypothetical outcomes, but as
risks that need to be addressed through adaptation.
Indeed, as emphasized in the Third Assessment
Report of the Intergovernmental Panel on Climate
Change, adaptation is a necessary complement to
reducing greenhouse gas emissions in addressing
climate change at all scales.
Adaptation to climate change represents a challenge
to all countries of the world, including Canada.
Although climate change may be unique in its scope
and the potential magnitude of its impacts, humans
have always adapted to changes in their environment, both climatic and non-climatic, so there is a
foundation of knowledge upon which to build. The
purpose of adaptation is not to preserve the status
quo, since that will simply not be possible for most
ecosystems and many human systems. Rather, the
goal of adaptation is to reduce the negative impacts
of climate change, while taking advantage of new
opportunities that may be presented. Since there
will always be uncertainties associated with climate
change, the issue is best addressed in the context of
risk management.

An important shift over the past 5 to 10 years has
been the growing recognition of the importance of
considering social, economic and political factors,
in addition to biological and physical ecosystem
factors, in impacts and adaptation studies. For
instance, preliminary studies have been conducted
into the costs of both potential impacts and various
adaptation options. There has also been increasing
use of the concept of vulnerability in impacts and
adaptation research. Vulnerability refers to the
degree to which a system, region or sector is susceptible to, or unable to cope with, the effects of
climate change and climate variability. Research
focused on vulnerability emphasizes the need to
develop a strong understanding of the current state
of the system being studied by involving stakeholders and taking an integrative, multidisciplinary
approach. Through consideration of current vulnerability, along with scenarios of future climate,
social and economic conditions, it is possible to
estimate future vulnerabilities in the context of risk
management. Continued improvements in climate
modelling and scenario development are important
for impacts and adaptation research. Likewise,
improved understanding of how adaptation occurs,
and what barriers exist to successful adaptation,
is extremely important.
The seven sectoral chapters of the report outline
the potential impacts of climate change on key sectors of Canada’s economy, providing a review of
recent research and identifying knowledge gaps and
research needs. Through this review, it is evident
that climate change impacts, and our ability to
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adapt to those impacts, will differ both among
sectors and among the various regions of Canada.
These differences will depend largely on the factors
that determine vulnerability, namely, the nature of
the climate changes, the climatic sensitivity of the
sector and its adaptive capacity. There will be benefits and challenges for all sectors. Comprehensive
assessment of this net balance has not been completed and, indeed, may not yet be possible given
existing knowledge gaps. Nonetheless, there is
general consensus in the literature that negative
impacts are expected to dominate for all but the most
modest warming scenarios. This is especially true for
certain sectors, such as health and water resources,
and less so for others, such as transportation.
It is important to recognize that, although issues
are presented on a sectoral basis in this report,
many of these sectors are strongly interdependent.
Therefore, impacts on, and adaptation decisions
made in, one sector will often have implications for
other sectors. This is especially evident in the case
of water resources, where it is clear that many
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other sectors, including transportation, agriculture
and fisheries, could be affected by decisions taken
to address changes in water quantity and/or quality.
It is also important to consider interactions among
regions, both within Canada and globally, as losses
or benefits in one region often have far-reaching
consequences.
Although gradual changes in mean conditions would
bring both positive and negative impacts, an increase
in the frequency and/or intensity of extreme events
would present challenges for most sectors. Extreme
events already often fall outside of current coping
ranges and cause critical thresholds to be exceeded.
Systems that are currently under stress are generally
considered to be at the greatest risk. Proactive and
precautionary adaptive measures would help reduce
losses associated with current climate variability,
as well as increase resiliency to future changes in
climate and extreme climate events. Enhancing
adaptive capacity through a range of technological,
regulatory and behavioural changes will bring both
immediate and long-term benefits.
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