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Preface

While large-scale climate change mitigation initiatives
such as the Kyoto Protocol have attracted much atten-

tion, less attention has been paid to developing adapta-
tion strategies to deal with the consequences of climate
change in the near, medium-term and distant future.

As a part of its ongoing efforts to anticipate policy issues
and to help develop effective adaptation strategies, The
Conference Board of Canada, with the cooperation of
Natural Resources Canada, investigated the country’s
preparedness to deal with the consequences of climate
change. The result is this report, which provides an
overview of adaptation strategies and highlights areas
for future adaptation activity.
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EXECUTIVE SUMMARY

Adapting to Climate Change
Is Canada Ready?

At a Glance

e Adaptation and mitigation ought to be complementary
parts of any climate change strategy.

» (limate change adaptation measures have localized
impacts. However, successful implementation of
any measure needs the cooperation of all levels
of government.

¢ A long-term perspective that considers all costs
and benefits to the economy is needed to assess
adaptation strategies.

e There is both a need for further research into the
impacts of climate change on Canada and a need
to better utilize existing research.

» To develop effective policies, policy-makers need
better estimates of climate change’s financial impact
on assets, as well as of the costs of implementing
adaptation strategies.
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uture climate change will have a major impact
F on Canada in general and a substantial impact

on specific areas of the country. A critical
question that has to be asked is, “To what extent
are Canada and Canadians prepared for the climate-
related challenges of the future?”” Conference Board
of Canada research indicates that there is much work
to be done and that the sooner work begins, the better
the chances of effectively dealing with the climate chal-
lenges ahead.

Responses to climate change tend to have two
aspects. The first, mitigation, is directed at reducing
atmospheric concentrations of greenhouse gases by
reducing the amount society discharges. The second,
adaptation, is directed at dealing with the geophysical
impacts of climate change. While Canada ought to
pursue both options, this report focuses on the latter.

Adaptation strategies have to reflect the fact that
climate change will affect numerous parts of the coun-
try in different ways and with differing degrees of
severity. Sea levels will rise while the Great Lakes
and the Prairies will have to deal with lower water
levels resulting from a warmer environment. Adaptation
strategies are critical, especially to prepare for distant
events. However, they need not be dramatic or disrup-
tive. They can include relatively minor changes to
established practices. Adaptation strategies have to
relate to local impacts. In addition, all levels of govern-
ment must cooperate and provide clear leadership on
adaptation issues.

Effective adaptation strategies will take a holistic
approach that includes all the costs and benefits of pol-
icy changes rather than focusing on narrowly defined



consequences. The “economic value at risk” concept is
a useful means of assessing the broader implications of
climate change on economic actors and supports.

More research investment is needed to better under-
stand future climate change impacts and to provide the
basic information needed to develop and implement

effective adaptation strategies. Canadians and their gov-

ernments ignore the future realities of climate change at

their peril. The sooner adaptation strategies are devel-

oped and implemented, the more secure the future will

become.

The Conference Board of Canada



Adapting to Climate Change
Is Canada Ready?

INTRODUCTION

limate change will have a major impact on

Canada in general and a substantial impact

in specific areas of the country in particular.
To what extent are Canada and Canadians prepared for
the climate-related challenges of the future? This report
engages in the evolving discussions on that critical issue
by examining the concept of adaptation and adaptation
strategies.

Canada’s approach to dealing with climate change
should be two pronged: a program of mitigation to reduce
the amount of greenhouse gases (GHGs) being emitted
and a program of adaptation to ensure the Canadian econ-
omy is prepared to cope with the ramifications of climate
change. Mitigation measures such as the Kyoto Protocol
aim to reduce, over time, atmospheric GHG emissions. In
contrast, adaptation involves collecting policies, actions
and research to modify existing facilities and structures to
minimize future disruptions caused by climatic changes.

To what extent are Canada and Canadians prepared
for the climate-related challenges of the future? This
report examines adaptation strategies.

Without diminishing the importance of effective
mitigation strategies, this report’s focus is on adaptation
in Canada. The report provides an overview of adapta-
tion issues and costs, informational needs and research
imperatives. It illustrates some areas where changes
may be necessary for Canada to deal effectively with
climate issues emerging in the short and medium terms.

This emphasis on adaptation reflects an approach
advocated by the British House of Lords in July 2005.
Its Select Committee on Economic Affairs argued that
adaptation considerations ought to be cornerstones of
any policy decisions related to investments, especially
investments in “infrastructure, housing, coastal devel-

opment and international development assistance.”!
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Canadians deservedly expect their governments and
research communities to help them prepare for climate
changes that could have profound effects on some
parts of the country. Therefore, as in the U.K., there
is a pressing need to start defining approaches and
establishing societal systems to anticipate and adapt
to the negative impacts of climate change.

Earth’s atmospheric GHGs play an essential life-
sustaining role. However, over approximately 250 years,
human industrial activity has increased the atmospheric
concentration of a key GHG, carbon dioxide (CO,), from
280 parts per million (ppm) in 1750 to 375 ppm in 2005.2
Termed the “greenhouse effect,” the continuing increases
in CO, concentration in the air will likely affect climatic
processes. (See box, “General Circulation Models
[GCMs], Climate Change Predictions.”)

If the models are correct, Canada could, within the
next couple of decades,’ have to deal with the inundation
of low-lying lands on its seacoasts, a shrinking Arctic ice
cap, reductions in Great Lakes water levels, permafrost
thawing and reduced river flow on the Prairies.* Reduced
river flows will mean there will be less water available
for agriculture and power generation. To adequately
appreciate the full impact of such a development, and

General Circulation Models (GCMs'), Climate
Change Predictions

¢ Adoubling of GO, or its equivalent would cause an average
global temperature rise of 1.5°C to 4.5°C.

e (ver the next century, the net average rate of global temperature
rise will be 0.2°C to 0.5°C per decade.

e The greatest warming will occur in high northern latitudes
in winter.

e Drier summer soil conditions will be found in interior
continental regions of northern mid-latitudes.

e (ver the next century, sea levels are expected to rise by 15 ¢cm
to 95 cm, and they will continue to rise for centuries after the
global climate has stabilized.

1 Linda Mortsch, Henry Hengeveld, Murray Lister, Brent Lofgren, Frank
H. Quinn, Michel Slivitzky and Lisa Wenger, “Climate Change Impacts
on the Hydrology of the Great Lakes—St. Lawrence System,” Canadian
Water Resources Journal 25, 2 (Summer 2000), Table 2, p. 160.




to recommend effective adaptation measures, it is neces-
sary to view the total economic value put at risk. Canada
must urgently develop and implement competent strat-
egies and policies, since adaptation measures will need
time to prove their economic effectiveness.

Adaptation is a process by which individuals,
communities and countries seek to cope with and

reduce the risks and consequences of climate change.

In this report we review some of the impacts that
Canada may experience as a result of climate change
and we look at the need for measured responses. The
direct costs of adaptation and the economic conse-
quences are then considered in various areas of Canada
to examine the societal costs of these changes and
value of modifying behaviours and facilities to accom-
modate the changes. Finally, the need for additional
information, research and policy actions to guide the
adaptation measures is discussed.

RESPONDING TO CLIMATE CHANGE

The highest profile efforts to address climate change
have focused on reducing GHG emissions. This mitiga-
tion effort is critically important but time is a major com-
plicating factor. Time is needed before the impact of
GHG reductions are felt in the atmosphere and today’s
emissions will linger and perpetuate climate change for
years hence. However, since economies change slowly,
they need adjustment time to undergo significant changes
to systematically reduce GHG emissions. Economies also
need considerable time to enact policies and permit the
responses to gain momentum.

Mitigation of climate change has become the focus
of considerable national and international research and
policy activity. Most significantly, the Kyoto Protocol
under the United Nations Climate Change Convention
has resulted in industrialized nations taking on targets
to reduce GHG emissions levels “by at least 5 per cent
below 1990 levels in the commitment period 2008 to
2012.% Signatories need to implement significant inter-
nal programs to meet these targets.

While there is substantial international support
for mitigation efforts, it has long been recognized by
international groups ranging from the Arctic Council

to the British House of Lords that climate change will
have a major impact. While mitigation is necessary,
these groups understand the need to develop effective
adaptation strategies.®

Some climate change is inevitable, as previous
emissions have increased atmospheric CO, concentra-
tions. Of special relevance to Canada is the need to
reduce the impact of these anticipated changes by using
adaptation mechanisms. Adaptation is a process by
which individuals, communities and countries seek to
cope with and reduce the risks and consequences of cli-
mate change. It refers to activities that would minimize
the negative impacts of climate change or that would
enable us to take advantage of new opportunities that
may arise in a new environment. Adaptation is not a
special issue. It is part of a more general process that
considers and implements responses to changes in envi-
ronmental conditions.

Adaptation is not new; what is innovative is the idea
of incorporating adaptation to future climate risk into
policy-making.” Because adaptation efforts occur within
a continuum, some issues will require immediate atten-
tion while others are far enough in the future to allow
for more measured and ongoing policy responses in
which gradual changes prepare us for future realities.
Regardless, the length of time necessary to implement
good policy changes necessitates an immediate, active
adaptation focus. Adaptation, especially in preparation
for distant events, need not be dramatic or disruptive
but could also include relatively minor changes to estab-
lished practices.

The concepts of risk and risk approach, introduced
here and further discussed later in this paper, are key to
understanding adaptation. “Risk™ is a probabilistic term
used to denote the possibility of negative consequences
resulting from decisions or processes. “Risk approach”
denotes the process of deciding on preparatory action
associated with risk.® Based on the considered risks of
various actions or non-actions, ameliorative decisions
may be possible and can be taken in accordance with
the risk approach. If it is not possible, then decisions
can deal with the consequences.

Canada is a minor player in global climate change.
Acting unilaterally and solely to eliminate GHG emis-
sions, even with all the resources at the country’s dis-
posal, would have minimal impact in reducing global

The Conference Board of Canada



atmospheric GHG concentrations.® Nevertheless, as an
advanced industrial country, Canada has decided to take
part in global mitigation efforts. Former environment
minister David Anderson said that Canadians wanted
the country to sign on to the Kyoto Protocol because it
was “the right thing to do, they believe Canada should
play a part in the international battle against climate
change’10 It is also in the country’s self-interest to
engage in adaptation, as it has numerous sensitive

areas that are vulnerable to climate change.

The most effective and cost-efficient adaptation
responses for policy-makers will generally be
anticipatory and will involve collaborations.

Canada could experience a level of climate change in
the decades ahead that could increase stress on the whole
range of Canada’s natural and physical capital assets.
Thus, adaptation thinking will need to become an inte-
gral part of the decision-making process to ensure a sus-
tainable future. The different types of capital may require
different approaches to adaptation.

Natural capital includes water resources, fisheries,
forests and agricultural lands that are routinely utilized by
societies for survival and wealth creation. For example, it
may be necessary to modify forest management practices
to accommodate new climatic realities. Physical capital
comprises human-made assets such as roads and utility
networks, buildings, dams and reservoirs. An example of
adaptation would be adapting road and rail networks in
coastal areas to accommodate increases in sea levels.

Adaptation policy development is inherently multi-
faceted and complex. The consequences of climate
change within geographic areas, such as the Arctic, are
often fraught with conflicting opportunities and chal-
lenges. For example, climate change will likely lead to
the opening of Canada’s fabled Northwest Passage to
year-round navigation as early as 2020. That change
will bring with it vast economic opportunities in terms
of resource exploration, international shipping and
trade. However, it will also bring new challenges, such
as increased requirements related to protecting the
Canadian perimeter. For example, in August 1999
China sent a ship into the Canadian Arctic in previ-
ously unnavigable territory, without notifying Canadian
officials beforehand.!!
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Arctic adaptation also raises many other policy
issues that will need to be addressed.'? Scientists con-
sider the Arctic to be a bellwether of the impacts of cli-
mate change globally.!3 Policy-makers concerned with
adaptation and sovereignty should view the Arctic in
the same way.

ADAPTATION STRATEGIES

Adaptation strategies help soften the negative conse-
quences of climate change. However, varying circum-
stances may demand different responses, and adaptation
strategies must be tailored to the particular situation.
There are a variety of approaches available to policy-
makers working on adaptation issues. Decision-makers
could adhere to an active anticipatory approach, where
policy actions help reduce climate change damage before
the effects are felt. Alternatively, a reactive approach
would seek to reduce effects once they are clearly delin-
eated and the costs of inaction well known. There is also
the passive approach, in which policy developers refrain
from implementing any policy measures and do not
actively help society adapt to climate change, although
this may be an unacceptable position for governments.

Determining the cost of climate change adaptation
measures is fundamental to sound policy decisions.

The basic theoretical choice is between planned
policy, which is the result of deliberate decisions, and
inadvertent, ad hoc policy development, which occurs
spontaneously and lacks direction. In terms of time, the
most effective and cost-efficient adaptation responses
for policy-makers will generally be anticipatory and
will involve collaborations among individuals, organi-
zations, industry and all levels of government.

ADAPTATION COST

Determining the cost of climate change damage and
the cost of adaptation measures is fundamental to mak-
ing sound policy decisions. Various researchers have
addressed the effects of climate change, its cost and the
cost of adaptation measures. As a rule, however, these
studies do not explicitly report adaptation costs. Costs
are instead measured as the difference between net
social benefits (that is to say, social welfare) with and
without climate change. This measurement is based on



the economic assumption of optimal adaptation to the
existing climate (without climate change) and the
altered climate (with climate change).

According to Dore and Burton,'* modelled adapta-
tion is effective in finding efficient or optimal solutions,
but it is also misguided and subject to unrealistic
assumptions. This usual approach treats the environ-
mental damage as marginal to the economy and indi-
cates that the optimal expenditure on remediation is
reached when the marginal cost of remediation equals
the marginal benefit of that remediation.

The level of adaptation is optimal when the last
dollar spent on adaptation just equals the reduction
in climate change damages achieved.

The modelled adaptation approach fails to recog-
nize that the impacts of climate change are not mar-
ginal. Rather, they are global in two senses: first, they
permeate every sector of the economy, and second, in
a purely spatial sense, they extend over the entire bio-
sphere. Thus, even if the impacts of climate change are
spread over 50 to 200 years, as expected, the impacts
cannot be treated as marginal. They are marginal only
if a decision-maker adopts an excessively short-term
horizon of three to four years. Such short-term horizons
may be appropriate for small or even some medium-
sized businesses, but policy-makers and larger enter-
prises need to cultivate a longer view.

Fankhauser’s analytical model minimizes the sum
of the two cost elements—adaptation cost and unmiti-
gated damage cost—assuming the level of damage
due to climate change and the level of global mitigation
are fixed.!> Both of these costs depend on the level of
adaptation. However, adaptation costs increase as the
level of adaptation increases, while the level of unmiti-
gated damages decreases as adaptation increases. In
this framework adaptation actions are justified as long
as the additional costs of adaptation are lower than the
additional benefits from reduced damage levels. The
level of adaptation is optimal when the last dollar
spent on adaptation just equals the reduction in climate
change damages achieved by this expenditure. This is
the marginal approach that Dore and Burton criticize
as being inadequate to dealing with adaptation.

According to Fankhauser, there are five types of costs:

e Adaptation costs are the costs of the resources fore-
gone by society to undertake adaptation measures.

e Climate change damages are the value of the extra
damages that occur exclusively because of climate
change.

e Ordinary climate damages include the adverse
effects associated with current climate—that is, all
climate-related costs that would also occur in the
absence of climate change.

e Other relevant costs are the indirect costs that result
from taking adaptation actions.

e Imposed costs of climate change are defined as the
difference in overall costs (all above costs) between
the climate change and the reference scenario.

In contrast to the marginal approach taken by
Fankhauser, Dore and Burton take the portfolio
approach to adaptation used in the preservation of
capital portfolios. This approach involves taking
options into account. Because some of these options
may be lost forever due to irreversibility they have
values, called “option values.” According to Dore and
Burton, the literature on option values acknowledges
that we have a portfolio of natural assets, which yield
perpetual dividends in the form of ecological services
and other benefits to society. In the case of climate
change, there will be a change in the distribution of
some of these services (such as the hydrologic cycle
and the carbon cycle), which will involve costly adapta-
tion measures. If these adaptations are seen as portfolio
management actions, designed to preserve natural capi-
tal assets and their perpetual dividends, then the key
guiding principle should be the preservation of capital.
For example, consider the law of trusteeship and the
obligations that the law imposes on an executor of an
estate. The moral and legal responsibility of an execu-
tor of an estate or a trustee is to preserve the capital
that will be passed on to the beneficiaries of the estate.

In the environment, the preservation of capital
requires adaptations that are not determined by the
“Marginal Benefit = Marginal Cost” rule but by the
need to restore the capacity and capability of the bio-
sphere so that it can continue to deliver ecological serv-
ices. This approach requires preserving ecosystem
integrity as part of an adaptation strategy. Thus, part
of an adaptation strategy would be to preserve future
options by preserving the portfolio of natural assets,
so that the same ecological dividends continue to flow.
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That must be done under conditions of uncertainty,
as the probabilities of events associated with climate
change are not known. Capital preservation requires
an approach that does not hinge on comparing the
marginal costs and benefits of adaptation to climate
change. In general, this portfolio approach to adapta-
tion is more holistic.

CANADIAN EXAMPLES OF ADAPTATION

One reason for adaptation is to reduce the effect
of severe weather events which are predicted to be
more frequent in climate change scenarios.'® In Canada,
insured losses caused by severe weather-related events
have grown substantially from losses in 1984 of about
$39 million to $1.5 billion in 1998. Also, from 1993 to
1997, federal disaster payments averaged more than
$500 million per year and reached $1.3 billion in 1998.!7
The Insurance Board of Canada data indicates that major
multiple-payment occurrences for property damage due
to extreme weather-related events totalled $860 million
from January 1999 to July 2004.'8 The scale of these
losses suggests that measures should be taken to avoid
them, particularly if we anticipate more of them under
most climate change circumstances scenarios.

The experience of the Winnipeg floodway exempli-
fies adaptation and protection. The floodway was built
in 1968 at a cost of CDN$68 million to divert flood-
waters around Winnipeg. Without it, 80 per cent of
the city would have been left nearly underwater during
the 1997 flood and 550,000 residents would have been

forced to leave.!®

Another example of this approach is the suite of poli-
cies and institutions established after Hurricane Hazel
hit Ontario in 1954, causing widespread flooding and
damage, as well as 81 fatalities in the Toronto area. New
planning policies limited development in critical flood
plains, and urban drainage designs minimized peak flows
from storm events, thereby reducing floods. In combina-
tion these measures have left southern Ontario remark-
ably free of widespread damage over the past 50 years.

Dore and Burton generate scenarios over the next
100 years, based on General Circulation Models, that
estimate that maximum precipitation in Toronto will
increase from the baseline period (1961-90) to 2020 by
a factor of four. Dore and Burton predict that the City
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of Toronto will face wastewater treatment adaptation
costs of between CDN$633 million and CDN$9.4 bil-
lion, depending on the level of protection required.”

Canada faces significant adaptation costs related
to constructing roads, bridges and water infrastructure.
(See Chart 1.) For example, Halifax alone could spend,
by some estimates, as much as CDN$6.5 billion to
expand its waste treatment capacity, due to an increase
in temperature and precipitation, and depending on the
climate change scenario used. Estimating the total cost
of adapting bridges and roads is harder because there
are so many of them in Canada and because of particu-
lar local circumstances. However, a national program
of local studies to delineate these risks and costs would
help identify the exposure.

ECONOMIC VALUE AT RISK AND THE COST
OF CLIMATE CHANGE IMPACTS

Canadian policy-makers have a difficult task in
determining the effects of climate change on Canada
and in deciding the most effective policy approaches
to adaptation. Economic analysis can be useful in iden-
tifying the most efficient policy measures to deal with
climate change’s meteorological, biological and geo-
graphical effects. However, other factors must be taken
into account as well—such as the cultural impact on
Canada’s Inuit population. The habitat effects of reduced

Chart 1

Estimated Costs for Adapting Infrastructure—to a 5 per cent increase in
mean temperature and a 10 per cent increase in mean precipitation over
the present century

(2001 $, 000s)
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sea ice cover and thawing permafrost will significantly
change hunting and food-gathering possibilities. But
even if political and equity concerns dominate policy
interventions, economic analysis can illuminate policy
options.

In this discussion, “‘economic value at risk” addresses
the value of the economic activity supported by the infra-
structure and other economic or social elements damaged
by climate change. As an example, the cost of a railway
bridge is a relatively straightforward engineering calcula-
tion. However, the value of the cargo hauled across the
bridge, and hence its value to the enterprises that need this
cargo, far outweighs the cost of the bridge. Further, if the
goods transported across the bridge are critical items for
some of the businesses, and if their loss would imperil the
businesses’ existence, the economic value of the bridge
can be seen to include the contribution it makes to the
businesses’ integrity. This context again is an aspect of
asset preservation: namely, preservation of the businesses.

Estimates are that sea levels will rise between 9 cm
and 88 cm between 1990 and 2100, with an average
estimate of 50 cm.

Economic value at risk and the cost of climate change
are broadly synonymous concepts. The cost of climate
change is whatever value a society loses to a changing
climate. Economic value at risk is the estimated potential
cost, with risk implying varying degrees of uncertainty
in the estimates. Estimating the cost of replacing a bridge
and the loss of cargo would be an example of “partial
equilibrium” analysis. A “general equilibrium” analysis
would trace the impacts of the lost bridge and cargo, the
potential impact on capital assets (such as the businesses)
and other cost impacts throughout the economy.

The cost of climate change, or value at risk, is dif-
ferent from the cost of adaptation. In the case above the
direct value of the cargo and its value to enterprises that
need the cargo would constitute the climate change cost.
The adaptation cost would entail expenditures to replace
the bridge with one suitable for the new conditions.

PHYSICAL AND DIRECT ECONOMIC EFFECTS
OF CLIMATE CHANGE

Various studies have attempted to estimate the
potential national costs of climate change in various
economic sectors in both the United States and Canada.
In the following sections we will review some of these
costs. Caution is necessary when comparing these
results, as each study employs its own methodology
and assumptions.

SEA LEVELS ARE ON THE RISE

Sea level rise is among the most profound impacts
of climate change. The thermal expansion of ocean
waters, and the melting of land and sea ice due to
higher ambient temperatures, are expected to raise the
average sea level, affecting Canada’s entire 240,000-km
coastline. Estimates are that sea levels will rise between
9 cm and 88 cm between 1990 and 2100, with an aver-
age estimate of 50 cm.2! The coastal zone is typically
one of the most productive and diverse natural areas.
Human activities cluster near low-lying coasts because
of the fertility of land in deltas, the proximity of
seafood and transport opportunities.

The costs of rising sea levels can be divided into
three types: capital costs of protective construction
(adaptation measures), the costs of foregone land serv-
ices, and an ancillary cost associated with dry land loss
when people are forced to leave flooded land.

While both the Atlantic and Arctic coasts will be
affected, in this study British Columbia was chosen to
illustrate some themes that will apply to Canadian coastal
regions. A key area is the lower mainland of British
Columbia, where the Fraser Delta could be affected by
flooding, erosion and salt water intrusion. As this delta
is a major agricultural and transportation area and home
to hundreds of thousands of people, these are real risks.

The total cost of a 1-m sea level rise for all regions
of the globe has been estimated. (See Chart 2.) Using
this information and OECD data, the impact on Canada
of a 1-m rise in sea level can be crudely estimated to
be a total cost/loss of CDN$238 million per year.

(The cost/loss estimate is based on the assumption
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Chart 2
Impact of 1-m Sea Level Rise
($ billions; total costs*)
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Source: Chart by The Conference Board of Canada. Adapted from Tol, “Estimates of the Damage Costs of Climate Change” (2002), Table IV.

that Canadian gross domestic product (GDP) is 9.2 per
cent of North American GDP, with an exchange rate of
US$1 = CDN$1.25.22) This crude estimate illustrates
the planners’ dilemma. How robust is this loss estimate
and what resources should be expended to reduce this
loss? Such a decision must be based on careful esti-
mates of actual costs and the risks of their occurrence.
Indeed the magnitude of the potential loss will guide
the effort to be expended in estimating the effects and
ultimately the adaptation approach.

Sea levels are expected to rise up to 30 cm on the
north coast of British Columbia and up to 50 cm on the
north Yukon coast by 2050, mainly due to warmer ocean
temperatures.? Parts of the Queen Charlotte Islands, the
Fraser Delta, the sand cliffs at Vancouver and portions
of Victoria are sensitive to the sea level rise, which could
result in breaching of dykes, flooding, erosion and result-
ant changes to coastal ecosystems, infrastructure, and
agricultural and archaeological sites.?*

It is estimated that a 1-m sea level rise will threaten
the natural ecosystem, affect the quality and quantity
of groundwater supply, and inundate more than 4,600 ha
of farmland and more than 15,000 ha of industrial and
residential urban areas in British Columbia.2> A detailed
estimate of the cost of these effects will be necessary to
identify the adaptation policies required.
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Sea level rise could have a major impact on bridges
in Atlantic Canada, where there are many coastal roads
and bridges. The loss of navigational clearance probably
means that Atlantic Canada will have to replace many
of its bridges. In general it is cheaper to replace a bridge
than to raise one. Since the average replacement cost of
a coastal bridge is CDN$600,000 and there are about
3,000 coastal bridges in Canada, Dore and Burton esti-
mate the costs of adaptation for all those coastal bridges
to be about CDN$9 billion.%6

GREAT LAKES

While sea levels are expected to rise, the great inte-
rior water systems of the continents are expected to
suffer from diminished water levels. The Great Lakes
shared by Canada and the United States are a vast water
resource that covers a surface area of 246,000 km? and
that contains almost 20 per cent of the world’s fresh
surface water. The five lakes and their connecting chan-
nels are bounded by 18,000 km of shoreline, much of
it highly developed.?” The Great Lakes perform eco-
system functions, such as providing fish and wildlife
habitat. They also provide drinking water for millions of
Canadians and Americans, and processing and cooling
water for industries and thermal generating plants. They
are used for commercial navigation and recreational
boating and the connecting channel flows generate
hydro power. Other significant uses include beach and
wetland recreation, residential development, sport and




commercial fishing and waste assimilation. All of these
resource uses depend on current levels and flows and
will be affected by changes produced by atmospheric
warming.

The impact of climate change could be significant.
Depending on the scenario chosen, the mean tempera-
ture in the Great Lakes basin could increase by 1.5°C
to 2°C in the autumn and 4.5°C to 5°C in the winter.
Most areas of Canada will experience more precipita-
tion, including the Great Lakes and the St. Lawrence
Lowlands, but in these two areas, the increase will
occur primarily as rain, with less snowfall. Combined
with increases in evaporation and evapotranspiration,
this change could reduce water levels by anywhere
from 0.5 m to 1.6 m.?

Climate change could have a significant long-term
impact on Great Lakes water levels . .. Many Great
Lakes ports would have to be dredged . ...

These hydrologic impacts will, in turn, affect a variety
of water resource uses. Warmer climates will produce a
lengthened, 11-month shipping season, but it is estimated
that more frequent lower lake levels could increase
Canadian commercial navigation costs by 35 per cent,
or CDN$99 million.?? Lower water levels would render
some marinas temporarily or permanently inaccessible,
and increased seasonal variability would make it more
difficult to predict navigational hazards.

Commercial navigation contributes billions of dol-
lars and thousands of jobs annually to the Canadian
economy.’? Lower water depths in connecting channels
will cause ships to reduce their cargo weight to avoid
grounding and, thus, unit shipping costs will increase.
If more ships are required to carry the same volume
of cargo, then increased delays may be experienced at
locks. Some loading and unloading facilities and some
smaller, regional ports may even become temporarily
inaccessible during extreme low water periods.

In addition to these direct costs, shipping in the Great

Lakes supports many industries, which in turn provide
jobs and support communities. If the capability of the
Great Lakes and the St. Lawrence Seaway to carry large
vessels is compromised, these communities will be
vulnerable to dislocations. To estimate the impact it

is important to consider the types and volumes of
commodities shipped through the seaway. A study of
American ports, completed in 2001, suggests that the
tonnage of commodities moving through these ports
directly supported 37,000 jobs.3! While similar data
are not available for Canadian ports, the impacts would
likely be proportional.

Climate change could have a significant long-term
impact on Great Lakes water levels. Using the volumet-
ric results derived from modelling and from arbitrary
water level scenario analysis, a range of cost scenarios
was generated for dredging the Goderich Harbour. It
could cost as much as CDN$6.8 million to dredge the
outer harbour and the harbour channel. Without the
dredging, vessels would be required to reduce their total
capacity, significantly affecting overall shipping costs.32
Many Great Lakes ports would have to be dredged as
part of the adaptation effort and likely re-dredged from
time to time as water levels continued to change and
flow regimes deposited silt in unexpected places.

These and other examples demonstrate the value and
cost of adaptation measures. However, it is difficult to
gain a useful, overall, high-level impression of these
costs and benefits. Estimates vary and are fraught with
methodological difficulties. However, an important bar-
rier to improved estimates is the lack of reliable local
bio-physical data on impacts. To estimate costs in the
absence of impact data requires the use of many assump-
tions about these impacts. In addition, according to Burton
et al., some of the principles of monetary estimation are
not consistently followed.3

After the Yangtze River floods the Chinese government
banned tree cutting . . . . Effective strategies for Canada
may require similar broad thinking.

It may also be necessary to develop a more in-depth
view of natural resource use in specific instances. For
example, after the Yangtze River floods of 1998 caused
over $30 billion in damages, the Chinese government
banned all tree cutting in the river basin. Officials con-
cluded that standing trees acted as a natural bulwark
against future floods, and therefore “trees standing [were]
worth three times as much as trees cut.”3* Effective cli-
mate change adaptation strategies for Canada may also
require similar broad thinking in terms of resource use.
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CLIMATE CHANGE, WATER AND ELECTRICITY

The impact of climate change on water resources
will also affect the generation of electricity. Beyond
the direct use of falling water to generate hydroelectric
power, water also plays a critical cooling role in the
operation of electrical generation stations that run on
fossil or nuclear fuels.?

In Canada, Quebec researchers examining the likely
impact of climate change on hydroelectric production
came to the tentative conclusion that impacts would vary.
In northern Quebec trends indicated greater inflows into
the river system. Water loss due to shorter freezing peri-
ods and due to increased evaporation and evapotranspira-
tion would be more than compensated by precipitation
increases of between 10 per cent and 25 per cent during
winter months and between 5 per cent and 10 per cent
during the summer.

This is in contrast to southern Quebec, where hydro
generation problems were predicted. Precipitation
increases in the range of 10 per cent to 20 per cent during
the winter and up to 5 per cent in the summer would not
compensate for increased water losses due to runoff and
evaporation. An Ouranos report corroborated arguments
presented earlier by Mortsch concerning reduced water
levels in the Great Lakes and St. Lawrence Lowlands.
With less water available in the St. Lawrence River Basin,

there would be less water to drive electricity turbines.3¢

It was stated above that climate change will probably
alter the distribution of precipitation nationally, with some
eastern parts becoming wetter. In the case of Halifax, pro-
jections by Dore and Burton show that projected mean
annual precipitation could increase a dramatic 315 per
cent by about 2020, compared to the 1961-1990 baseline
period. Beyond 2020, the projections show that precipita-
tion remains 149 per cent to 232 per cent higher.
Increases of this magnitude may overwhelm recent waste-
water treatment investments and necessitate additional
expenditures within the climate change adaptation enve-
lope. Without these additional expenditures, governments
could conclude that developments in the Halifax basin
should be limited, negatively affecting economic growth
for the region.

AGRICULTURAL EFFECTS
Many studies describe the impact of climate change

on agriculture. Results compiled by Tol?’

show that only
two regions, Europe and parts of Asia, will see greater
agricultural productivity, assuming climate warming of
2.5°C. (See Chart 3.) However, all regions would benefit
from adaptation measures. For Canada, it is estimated that
crop production would fall by CDN$2.5 billion each year
without adaptation. However, production could increase
by CDN$10 billion if proper adaptation measures were
applied. The increased production figures use Canadian
crop production data and are based on the assumption that
the effect of climate change on Canadian agriculture will

be the same as the effect on all of North America.38

Chart 3
Impact of Climate Change on Agriculture as Percentage of Gross Agricultural Product
(per cent)
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Tol’s calculation of CDNS$2.5 billion in lost agricul-
tural production does not include secondary and tertiary
effects, such as lost employment in processing plants
and transportation losses. Adaptation measures clearly
improve farmers’ prospects if they are implemented
correctly, especially if they turn a projected loss of
CDN$2.5 billion into a CDN$10-billion opportunity.

While changes in precipitation and temperature pat-
terns may affect agriculture in many parts of the coun-
try, we will focus on the Prairies.

IRRIGATION IN SOUTHERN ALBERTA
Alberta is especially sensitive to climate change
due to yearly and seasonal variability in stream flows.3°
Approximately 2.8 billion m? of Alberta’s water is
withdrawn every year, predominantly from rivers and
streams. Roughly 82 per cent of that water is allocated

to irrigation.*0

Dry conditions can cause severe consequences . ..
crop production on the Prairies could be reduced
by up to CDN$1.5 billion per year.

Estimates of the impacts of climate change for the
Oldman River basin in southern Alberta suggest that
soil is likely to dry out and that there will be less runoff.
Three general circulation models suggest that under a
doubled CO, scenario, temperature is likely to increase
by between 2.8°C and 6.2°C, while precipitation is
likely to increase by between 2 per cent and 11 per cent.
Predicted increases in precipitation will not compensate
for increased evaporation and evapotranspiration. Thus,
average decreases in stream flow under the three scenar-
ios were estimated to be 31.8 per cent. Given that
Alberta’s agricultural sector is almost entirely dependent
on stream flow such a change is likely to have severe
impacts.

Dry conditions can cause severe consequences. For
example, in 2001 a severe drought reduced wheat and
canola production by 43 per cent and decreased grain
production by CDNS$5 billion. Previous years’ figures
showed that average potential crop yields could fall
from 10 per cent to 30 per cent as climate change dries
the soil and raises the temperature.*! Therefore, we can
estimate that crop production on the Prairies could be
reduced by up to CDN$1.5 billion per year.*?
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All of the above tells us that significant areas of
Canada will endure substantial bio-physical changes as
a result of climate change and that these changes will
have economic effects. Damage estimates will need to
be developed in advance if adaptation policy interven-
tions are to be properly designed.

FUTURE RESEARCH NEEDS

A broad long-term perspective is required to deter-
mine how much spending on adaptation strategies is
justified. Much of the current literature focuses on the
costs of infrastructure repair and protection. While this
approach is useful, it is not sufficient and a full picture
of the costs, including secondary and tertiary impacts,
must be calculated.

As mentioned earlier, the Ouranos report showed that
climate change would cut Quebec’s hydroelectric genera-
tion capacities, depending on location.** The international
literature on adaptation reflects the fact of substantial
local variation in climate change impacts. While adapta-
tion has to be local, mitigation by its very nature has to
be global. A July 2005 report from the British House of
Lords stated that a key difference between adaptation
and mitigation was that the former tended to be based
on local initiatives while the latter “required action on a
global scale”*** An analogous dichotomy is useful when
discussing climate change and adaptation research.

Mitigation research, Kyoto-style inquiries, trading
systems and treaties all require international and national
action, while adaptation measures are inherently local. It
is therefore important to establish national and provincial
strategies and goals. However, a lot of implementation and
impact will occur at the local level and will require finan-
cial support from the federal and provincial governments.

For example, sea levels are rising due to global
warming and melting polar ice, which is an international
concern. But the Confederation Bridge linking Prince
Edward Island and New Brunswick accommodated
sea level changes in its design as a local adaptation
response.*> Similarly, predictions of the likely impact
of climatic warming on North American boreal forests
indicate that central and eastern areas will have to con-
tend with more frequent fires while the northeastern

portion of North America will likely see fewer fires.*
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Canada’s federal government has a significant role to
play in adaptation policy at the national and international
levels, but it also needs to be aware of the local element
in developing adaptation policies and strategies. The gov-
ernment can, and ought to, establish national guidelines,
goals and initiatives, but implementation and administra-
tion should be decentralized. Localized research is well
suited to provinces or other agencies, in partnership with
federal government departments. A key research topic in
all regions will be the development of holistic and effec-
tive costs-benefit analysis for proposed adaptation initia-
tives in response to predictions of climate change effects.
Canadian policy-makers could follow the advice of the
British House of Lords who urged “that explicit compar-
isons between the monetary cost of adaptation measures
and their benefits” be carried out.#’

Many meteorological and other modelling studies
have broadly identified the kinds of climate change
effects Canadians can expect to see. In addition, eco-
nomic analyses of climate change effects have shown
that the economic costs of these changes will be signifi-
cant. Transition costs are often not addressed to every-
one’s satisfaction in these cost studies, but policy-makers
should consider the loss of well-being associated with
their results, as should anyone looking at long-term soci-
etal projects, be they public or private. Transition costs
should be an important focus of economic research.

It is clear from these studies that climate change will
impose substantial costs on the Canadian economy, par-
ticularly in the Lower Mainland of British Columbia,
the Prairies and the Great Lakes. Adaptation measures
can reduce the overall negative economic effects and
allow opportunities to be realized in, for example, the
agricultural and forestry communities.

Decision-makers will have to consider the effects of
climate change over the full lifetime of their projects
and accommodate these changes ....

However, adaptation measures are not without their
own costs, and we do not know how much adaptation
will be necessary. Doing detailed estimates of damages
and adaptation costs will require formidable effort, and
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estimates done from the top down will be too imprecise
to be anything other than simply indicative. Therefore,
it is important to determine locally the appropriate
adaptation expenditure to reduce negative climate
change impacts.

Studies addressing the cost of adaptation tend to
be large and based on economic modelling techniques.
Specialists in many disciplines have a role to play in
determining the ultimate effects and remedies, includ-
ing climate scientists who identify the effect, econo-
mists who can identify the possible costs and benefits
of measures and, ultimately, engineers who design and
implement physical measures. All these areas need
resources to ensure the appropriate measures are taken.

In some cases these studies would examine specific
regions, such as the Great Lakes, the Prairies or the
Lower Mainland. These studies could usefully be devel-
oped through cooperation agreements among govern-
ment bodies. Also required is research into the effects
on electricity generation of the decreased river flow in
the Great Lakes basin and likely in other basins as well.
This research will be much easier if private and public
utilities work together.

Decision-makers will have to consider the effects
of climate change over the full lifetime of their projects
when they develop infrastructure, place major industrial
facilities and new dams, and improve housing stock.
They must then include features that will accommodate
these changes into the design and operation of these
facilities. The climate change measures incorporated
into the Confederation Bridge are good examples of
such accommodation.

The federal and provincial governments should
work together on research so that they can establish
the policy drivers for changes, perhaps through new
or existing institutions and instruments. Doing so will
ensure that this decision-making framework is estab-
lished in Canada. Canada’s regulatory bodies can play
an integral role within that framework. Therefore, we
could benefit by studying the country’s environmental,
energy, agricultural, forestry and other regulatory agen-
cies, and their roles in effective adaptation strategies.
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There are clear federal and provincial roles, but
local authorities are closest to the places where adapta-
tion is needed. It will be important for the three levels
of government to work together and carry out research,
with the federal and provincial levels ensuring that
local decision-makers are considering adaptation.

The Ouranos Consortium in Quebec highlighted the
clear need for increased attention to adaptation research.
The consortium argued that to better understand the
impacts of climate change, it was “vital to dedicate sub-
stantial efforts to developing tools and models that will
yield a better understanding of . . . various phenomena
and . . . a finer spatial resolution so as to better antici-
pate the climate of the upcoming decades for the differ-

ent regions of Quebec.**8

THREE IMPORTANT THRUSTS

In general we need more information before we
can estimate the full costs of climate change and choose
adaptation strategies. Three specific key thrusts are
needed. First, more climate change scenario research is
vital if we are to better understand and locate biophysical
impacts. This data will help us enhance the economic
cost-benefit analysis of adaptation options. Second, we
need research into technology and design innovations
for buildings and other long-term facilities. Third, we
need a comprehensive assessment of current regulations
to determine their suitability.

Many segments of society will be called on to
respond to climate change, and governments
will need to play a coordinating role.

In terms of the first thrust, climate change scenario
research is necessary to identify biophysical impacts,
flooding areas, salt water intrusion, soil stability issues
and transportation infrastructure at risk in areas such as
the Lower Mainland of British Columbia. This research
is best suited to a multi-year coordinated effort engaging
a wide variety of expertise. With the help of information
on planning practices and development approaches,
these outcomes could be fed into cost-benefit analysis
of possible infrastructure improvements. Provincial
and regional governments could then implement policy
options. Other areas in Canada would warrant similar
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treatment and several of these large-scale research pro-
grams designed to feed into development and economic
policy initiatives would be necessary.

A second thrust is more in the line of detailed infor-
mation development and as such may be smaller in
scope but more widespread. This type of effort would,
for example, devise new measures for building code
improvements in insulation, roof drainage or other
areas that will benefit buildings by making them more
energy efficient or better able to withstand extreme
weather. This work could also include technological
or planning innovations for improved urban design
that would be better able to accommodate geophysical
changes. A wide variety of these measures is necessary
to address the many conditions that could prevail across
the country but also to harness the creativity of societal
forces needed to transfer our knowledge of potential
impacts to adaptation responses.

A third thrust is to discover the most effective roles
to be played by Canadian regulatory agencies in facili-
tating feasible and effective adaptation strategies. There
is a need to find out if Canada’s regulatory regimes are
properly designed to effectively deal with these changes.
There could be regulatory advantages such as examining
physical and infrastructure initiatives within a broader
social science framework. There are also inherent ques-
tions related to overlap and redundancies, while there
may be areas where new forms of regulatory bodies will
be required for effective adaptation.

While large and small measures could work in tan-
dem to produce the most effective adaptation response,
governments should develop a clear idea of the research
capacity related to these topics and interest in them.
Regulatory agencies could develop a clear direction for
their involvement in developing adaptation strategies.

POLICY IMPLICATIONS FOR ADAPTATION

While it is instructive to consider the implications
of climate change and the adaptation measures neces-
sary, addressing the related risks is a huge task. Many
segments of society will be called on to respond to cli-
mate change, and governments will need to play a coor-
dinating role. To fulfill that role effectively, the federal
government will need to establish organizing principles
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to guide its actions and the desired outcomes. Several

basic conclusions are worth stating:

e Climate change is real.

e Current mitigation measures will not stop changes
for decades to come.

e Canada is at risk of damage from climate change.

e Adaptation measures can minimize damage or take
advantage of opportunities.

e Government has a role to play in minimizing
damage and capitalizing on opportunities.

e Adaptation requires local actions and initiatives,
as well as large regional or national initiatives.

Funding direct physical and economic research into
adaptation measures, both regionally and nationally,
should be a goal of federal government policy.

To state a primary objective of the federal govern-
ment is to provide a focus for adaptation activities and
a clarifying principle for others working with the fed-
eral government. Accordingly, for the purpose of the
discussion below, we envisage the role of the federal
government as the task of inculcating adaptation think-
ing and supportive information gathering into the iden-
tification of and implementation of measures designed
to address climate change risks.

Information and research, partnerships, regulatory
structures and adaptation culture are four broad areas of
policy intervention for the federal government to consider.

INFORMATION AND RESEARCH

Excellent information on impacts and possible
responses is central to the development of good adapta-
tion measures. In the area of natural capital, programs
designed to measure the extent and quality of our natural
capital should be reinstated or established. In the past
decade, various programs were curtailed to reduce oper-
ating costs, to the detriment of basic data collection use-
ful in determining the effects of climate change. These
data would be useful in determining the magnitude and
extent of local impacts and the infrastructure changes
necessary. It is important to reinstate these programs and
design new ones to take advantage of powerful new data
collection technologies.
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Funding direct physical and economic research into
adaptation measures, both regionally and nationally,
should be a goal of federal government policy. These
large studies will contribute to national priorities and
focus on areas of critical concern in specific regions,
such as the Lower Mainland of British Columbia, the
Prairies, the Great Lakes and the Arctic. These studies
must focus on the impact climate change will have on
the physical capital and economy of the region as a
way of establishing appropriate adaptation actions.

PARTNERSHIPS WITH OTHER
GOVERNMENTS

Preserving and enhancing social capital is a key goal
of all governments and this principle is useful in giving
meaning to the local nature of adaptation measures.
The federal government should ensure that the science
and funding available to its agencies is co-coordinated
with the actions and project implementation skills that
provinces and cities can bring to bear on local projects
or programs. Once identified, specific effects, such as
ocean and lake levels, would be addressed through these
partnerships. Such partnerships could establish funding
allocations, measurable outcomes and joint oversight to
ensure success.

Policy improvements must be made with the goal of
reducing climate change impacts, along with other
reasonable goals, such as safety and security.

POLICY- AND REGULATION-MAKING
CAPACITY

The demands of managing all the adaptation aspects
of policy-making may place a strain on the capacity
of existing regulatory structures and policy incentives.
Policy improvements—such as updating building
codes, land development standards or best practices—
must be made with the goal of reducing climate change
impacts in mind, along with other reasonable goals,
such as safety and security. Governments should review
their regulatory structures to ensure that policy-makers
and regulation-makers pay attention to adaptation consid-
erations. The federal and provincial levels of government
should ensure that they are prepared for joint discussions
to develop adaptation measures.
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AN ADAPTATION IMPERATIVE

Optimum leveraging of human capital also plays a
role in successful adaptation measures. Adaptation may
be inherently a professional issue involving public trust,
where the general public looks to governments and the
professionals on whom they depend to ensure relatively
predictable future problems are anticipated and meas-
ures are in place to deal with expected consequences.
Hence, it is a public trust responsibility to ensure that
public policy and infrastructure planning processes
make adaptation a basic consideration. Under these
conditions adaptation could become as germane to pol-
icy and development discussions as public safety and
security are today.

Education policy-makers can play an important role
by ensuring that professionals and managers are
informed of the need to address adaptation in long-term
decision making. Doing so will be critical to imbedding
adaptation considerations into policy and infrastructure
planning processes. We can achieve this goal by modi-
fying engineering, science and management curricula in
post-secondary educational institutions. Also, regular
conferences and other initiatives can continuously dis-
pense information on the latest adaptation measures

and trends, thus maintaining awareness among those
involved in designing and implementing long-term
projects and programs.

All levels of government, as well as prudent busi-
nesses, ought to make long-term adaptation considera-
tions the standard. Nothing less than an adaptation culture
within the senior management cadre should be their goal.

Governments must set society on a course that can
adapt to the changes climate change will bring.

However, establishing the societal systems and the
physical and intellectual infrastructure for adapting to
climate change effects will take time. Governments,
under the leadership of the federal government, are now
presented with an opportunity to start the process before
large-scale impacts are observed. To be effective, gov-
ernments have a short window for considering the main
elements of the approach, but they must begin to set
society on a course that can adapt to the inevitable
changes climate change will bring.
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