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MESSAGE FROM THE VICE-CHAIR

Paying the Price: The Economic Impacts of Climate Change for Canada is the latest report in the Climate
Prosperity series by the National Round Table on the Environment and the Economy. It complements

Degrees of Change: Climate Warming and the Stakes for Canada, published in 2010, which shows a vast
range of physical impacts of a warming climate on Canada. With these reports, we can better understand
the growing economic impacts of climate change to Canada and assess both the costs we could face and the

adaptation choices we can make.

Degrees of Change showed what the physical impacts of climate warming could be for Canada; Paying the
Price shows what the economic impacts could be for Canada. Many of these impacts will be negative and

many will carry a cost. Together, these two NRTEE reports will help Canadians know more about

what some of those impacts could be and how much they could cost.

Paying the Price sets out to help all of us -- governments, business and communities -- make climate-wise
investment choices now, and in the future. The economic information we provide in this report will further

help us understand what is at stake if we fail to respond and global greenhouse gas emissions continue to rise.

R.W. SLATER, CM, PH.D.
NRTEE Vice-Chair



MESSAGE FROM THE PRESIDENT AND CEOQ

Climate change has a price tag and it could be expensive. But few Canadians know what that could be.

To date, focus has mostly been on what it would cost to reduce greenhouse gas emissions by industry and
consumers. Little attention has been paid to the cost of inaction, to what economic damages could accrue

to Canada and Canadians as global emissions rise and climate change plays out.

Paying the Price: The Economic Impacts of Climate Change for Canada sets out for the first time ever in
Canada what those costs could be. This report makes clear that while there is an environmental cost to
climate change, there is an economic cost too: of simply letting climate impacts occur. Those costs are high

and could get higher.

Our report also shows that adapting to climate change makes economic sense. It can lower the costs of

climate impacts by preventing damage, saving money and lives.

The Round Table’s report now makes clear that getting global emissions down is both in Canada’s economic

and environmental interest.

DAVID McLAUGHLIN
NRTEE President and Chief Executive Officer
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ABOUT US

Emerging from the famous Brundtland Report, Our Common Future, the National Round Table on the
Environment and the Economy (NRTEE or Round Table) has become a model for convening diverse and
competing interests around one table to create consensus ideas and viable suggestions for sustainable
development. The NRTEE focuses on sustaining Canada’s prosperity without borrowing resources from

future generations or compromising their ability to live securely.

The NRTEE is in the unique position of being an independent policy advisory agency that advises the
federal government on sustainable development solutions. We raise awareness among Canadians and their
governments about the challenges of sustainable development. We advocate for positive change. We strive to

promote credible and impartial policy solutions that are in the best interest of all Canadians.

We accomplish that mission by fostering sound, well-researched reports on priority issues and by offering
advice to governments on how best to reconcile and integrate the often divergent challenges of economic

prosperity and environmental conservation.

The NRTEE brings together a group of distinguished sustainability leaders active in businesses,
universities, environmentalism, labour, public policy, and community life from across Canada. Our
members are appointed by the federal government for a mandate of up to three years. They meet in a
round table format that offers a safe haven for discussion and encourages the unfettered exchange of

ideas leading to consensus.

We also reach out to expert organizations, industries, and individuals to assist us in conducting our

work on behalf of Canadians.

The NRTEE Act underlines the independent nature of the Round Table and its work. The NRTEE reports,
at this time, to the Government of Canada and Parliament through the Minister of the Environment. The
NRTEE maintains a secretariat, which commissions and analyzes the research required by its members

in their work.
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0.0 EXECUTIVE SUMMARY

Climate change will be expensive for Canada and Canadians.
Increasing greenhouse gas emissions worldwide will exert a
growing economic impact on our own country, exacting a
rising price from Canadians as climate change impacts
occur here at home.

This report by the National Round Table on the Environment and the Economy (NRTEE) — the fourth in
our Climate Prosperity series — sets out what those costs could be. It makes clear that while there is an
environmental cost to climate change, there is an economic cost too: a cost of letting climate impacts occur

and a cost to adapting to protect ourselves from these impacts.

Having highlighted some of the likely physical impacts of warming temperatures and changing precipitation
patterns from climate change in Canada in our second report, Degrees of Change, we undertook new analysis

to assess the economic costs in this companion report, Paying the Price.

This report represents the first time a national analysis of this kind, using various climate and growth
scenarios, has been conducted to calculate how the economic costs of climate change stack up over time.
This is necessary research that allows Canadians to appreciate just how pervasive and pernicious climate
change can be. It shows the uncertainty of estimating economic impacts of climate change and increases our
understanding of how to assess climate risk and our own willingness to accept — or not — the probability
of more damages for future generations. It then identifies how adaptation measures can reduce those costs,

saving money and lives.

THE NATIONAL COST OF CLIMATE CHANGE

Climate change costs for Canada could escalate from roughly $5 billion per year in 2020 — less than 10 years
away — to between $21 billion and $43 billion per year by the 2050s. The magnitude of costs depends upon
a combination of two factors: global emissions growth and Canadian economic and population growth. Our
study generated four separate scenarios combining these factors to understand the potential costs of climate

change under different futures.
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As the speed and scale of climate change is uncertain, we need to consider the probability of both higher and
lower costs. The NRTEE’s research sheds new light on how to assess national economic risks. Our modelling
shows not just the average results listed above, but what those economic costs could be as climate change plays
out under a range of assumptions for key scientific and economic variables. It shows there is a risk those costs
could be not just higher, but much higher. In the 2050s, where costs are estimated at $21 billion in the low
climate change-slow growth scenario, there is a 5% chance that the costs could be at least $44 billion per
year, and where costs are estimated at $43 billion in the high climate change-rapid growth scenario, there is

a 5% chance that the costs could be at least $91 billion per year.

How do we get costs down? Global mitigation leading to a low climate change future reduces costs to
Canada in the long term. This reinforces the argument that Canada would benefit environmentally and
economically from a post-2012 international climate arrangement that systematically reduced emissions

from all emitters — including Canada — over time.

CLIMATE IMPACTS ON PEOPLE, PLACES, AND PROSPERITY

Because climate change impacts will manifest themselves sectorally and regionally in different ways across
our enormous country, the NRTEE conducted specific “bottom-up” studies to assess the costs of climate change
on three representative aspects of Canada: its prosperity (timber supply), places (coastal areas), and people
(human health).

In each of these three areas, climate change will impose costs for Canada. By the 2050s, the impacts of
climate change on the timber supply through changes in pests, fires, and forest growth are expected to cost
the Canadian economy between $2 billion and $17 billion per year. The coastal land area exposed to climate
change-induced flooding from sea-level rise and increased storminess across Canada by the 2050s is roughly
equivalent to the size of the Greater Toronto Area. The costs of flooding from climate change could be between
$1 billion and $8 billion per year by the 2050s. Climate change will lead to warmer summers and poorer air
quality, resulting in increased deaths and illnesses in the four cities studied — Montréal, Toronto, Calgary, and
Vancouver. Illnesses associated with climate change impacts on air quality in turn will impose costs on the

health care system; in Toronto these costs could be between $3 million and $11 million per year by the 2050s.

Our analysis shows that the costs of climate change on people, places, and prosperity will vary and be uneven
across the country. Timber supply in Western Canada will be more affected than in the East. British Columbia’s
forest-reliant economy will suffer more than many others while Ontario’s economy — due to its size — will see
the largest absolute economic impact. Coastal regions across Canada are also affected differently by climate
change. Relative to the total land area of each province and territory, Prince Edward Island’s coastal areas

are most at risk. Many dwellings in the Lower Mainland of British Columbia are likely to be impacted given



PAYING THE PRICE: THE ECONOMIC IMPACTS OF CLIMATE CHANGE FOR CANADA // I7

that the area is low-lying and has a high housing density, and the per capita costs of dwelling damage will be
highest in British Columbia and Nunavut. Human health impacts and increased health system costs from
climate change vary across the four cities we studied, with cities that experience the greatest increases in

temperature — Toronto and Vancouver — experiencing the greatest impacts.

ADAPTATION SAVES MONEY

Adapting to climate change is both possible and cost-effective. Halting emissions growth tomorrow will do
nothing to arrest the impacts of GHGs already in the atmosphere. So, some form of climate change impacts
due to global warming can be expected, requiring adaptation measures in response. Our study examined five
different adaptation strategies to assess their costs and benefits. All but one was found to be cost-effective,
with the costs of the strategies being far lower than the savings they would yield through reducing the

economic impacts of climate change.

Enhancing forest fire prevention, controlling pests, and planting climate-resilient tree species together
reduced the impacts of climate change on timber supply across the country. Under a high climate change-
rapid growth scenario, the benefit to cost ratio was 38:1 while it was 9:1 under a low climate change—slow
growth scenario. In coastal areas, prohibiting new construction in areas at risk of flooding as well as
undertaking “strategic retreat” by gradually abandoning dwellings once flooded reduces the costs of climate
change to only 3-4% of what the costs would have been without adaptation. Adaptation strategies can
reduce prospective health impacts of heat exposure and lower air quality. Replacing conventional roofs
with green roofs helped reduce the urban heat-island effect across our four cities, but the costs of this strategy
exceeded the benefits. In contrast, installing pollution control technologies to limit ozone formation was

found to be cost-effective.

ECOSYSTEMS

Ecosystems provide us with a range of services critical to our health, economy, and overall well-being, but
climate change is altering the quality and health of Canada’s ecosystems. Our report illustrates some possible
economic implications of climate change on ecosystem services: climate change could increase visitor
spending in and around Canada’s national parks due to warmer temperatures, and reduced availability of
lake trout could lead to losses in recreational fishing expenditures. While ecosystem services, and the impact
that climate change will have on them, can be very difficult to express in economic terms, a failure to do
so underestimates the costs of climate inaction. At the same time, it is important to recognize that non-
monetary indicators may matter more to people when it comes to preserving ecosystems —their “value” is

often intrinsic and personal. Ecosystem losses can simply be irreplaceable.
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TWO FUTURES

Examining long-term economic costs of climate change to Canada raises the spectre of two futures: one
where the world acts — and keeps global warming to 2°C by 2050 as world leaders have pledged — and one
where it doesn’t and climate change impacts grow and accelerate beyond targets. At slightly under 2°C of
global warming, the economic costs of climate change to Canada in 2050 would be between $21 billion and
$43 billion with no adaptive action taken; costs could be at the lower end of range if economic growth
slowed as part of domestic mitigation or for other reasons. If the world acts to limit warming to 2°C, future
costs could stabilize around this 2050 level since emissions growth would have been dampened and

plateaued to reach this new global reality.

WHAT DO WE RECOMMEND?

Canadians can and should use economic information to decide how to best prepare for, and respond to, the

impacts of climate change. Our recommendations are as follows:

I // The Government of Canada invest in growing our country’s expertise in the economics of climate
change impacts and adaptation so we have our own Canadian-focused, relevant data and analysis for

public and private-sector decision makers.

2 /| The Government of Canada cost out and model climate impacts to inform internal decisions about
adapting policies and operations to climate change and allocating scarce resources to programs that

help Canadians adapt.

3 // Governments at all levels continue investing in generating and disseminating research to inform adap-
tation decision making at the sectoral, regional, and community level. This research should, as a matter
of routine, incorporate economic analysis of the costs and benefits of options to adapt to climate impacts

because the current data is insufficient for decision makers and is not readily or consistently available.

4 [ The Government of Canada forge a new data- and analysis-sharing partnership with universities,
the private sector, governments, and other expert bodies to leverage unique and available non-

governmental resources for climate change adaptation.
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WHAT’S NEXT?

Knowing the economic risks of climate change is one thing; acting to reduce them through adaptation
is another. The NRTEE’s fifth report in its Climate Prosperity series will examine the state of readiness
of Canada’s private sector to manage the impacts of climate change and what the private sector can and
should do to reduce its own risk and exposure to climate change. We will analyze various risk management
practices to build business resilience to climate change and barriers to putting them in place. And we will
consider how government can cost-effectively promote private-sector adaptation, what businesses need
from government to plan and adapt, and how government can most usefully contribute to this growing,

long-term, shared challenge facing our country.
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I.I WHAT’S AT STAKE

Climate change has a price tag.

But few Canadians know what that could be. To date, focus has mostly been on what it would cost to reduce
greenhouse gas emissions by industry and consumers. Little attention has been paid to the cost of inaction,

to what economic damages could accrue to Canada and Canadians as climate change plays out.

This matters. For one, we have a clear interest in reducing the negative economic consequences of climate
change by adapting to impacts in cost-effective ways. So it’s important to understand what the “cost of
climate change” from increasing global emissions could amount to and what the implications of taking
action to avoid these costs could be. For another, understanding what the scale of the costs of climate
change could be makes us realize that we have a clear economic stake in reducing global greenhouse gas
emissions. Both the physical impacts on our environment and the economic damages on our prosperity
from climate change will only increase in the decades ahead. Canada’s limited but real contribution to
global greenhouse gas emissions masks the growing negative economic impact of overall world emissions
on us. Reducing those emissions is not just in our environmental interest but, as our report shows, in our

economic interest as well.

1.2 OUR CONTRIBUTION

Paying the Price: the Economic Impacts of Climate Change for Canada is the fourth report in the Climate
Prosperity series by the National Round Table on the Environment and the Economy. It complements
Degrees of Change: Climate Warming and the Stakes for Canada, published in 2010, which shows a vast
range of physical impacts of a warming climate on Canada. With these reports, we can better understand
the growing economic impacts of climate change to Canada and assess both the costs we could face and the

adaptation choices we can make.

A growing body of research on the economic costs of climate change is amassing internationally, but less
so in Canada. Canada has conducted remarkably little economic analysis to date on climate change impacts
and the costs and benefits of adaptation. Much of the economic analysis undertaken in this country to date
has focused on the costs of reducing greenhouse gases here in Canada, rather than the costs of climate

change impacts themselves from rising global emissions. This needs to change.
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The NRTEE believes that to both cope and prosper through climate change, we need better information on
the costs of climate change impacts. We need to improve our understanding of the risks and opportunities
we could face, including the opportunity to reduce costs by adapting to climate change impacts. So far,
the amount of adaptation to future changes in climate taking place in Canada is small relative to what
will likely be needed.! Public- and private-sector decision makers more readily see the costs of adapting to

climate change as a key barrier to moving forward; less obvious is the cost of not adapting.

This report helps fill this knowledge gap by exploring, for the first time, the costs of climate change for
the country as a whole, together with the costs of climate change with and without planned adaptation
for three important impact areas: timber supply, coastal areas, and human health. We also discuss the

economic implications of ecosystem impacts of climate change.

WE UNDERTOOK THIS RESEARCH AND ANALYSIS WITH THREE GOALS IN MIND:

FIRST, increase awareness of the costs we can expect from climate change. Climate change will impose
costs on Canada. We need to prepare to face these costs and invest in actions that reduce costs to the extent

possible. But what might those costs be? Our report explores this question.

SECOND, demonstrate that both domestic adaptation and global mitigation can reduce the costs of the
impacts of climate change. We compare the costs and benefits of adaptation to the costs of some impacts of
climate change to show that adaptation can save us money. Our analysis also shows the difference in costs
Canadians could face with higher and lower levels of global greenhouse gas emissions, demonstrating that

actions that curb global emissions can reduce the costs of impacts for us in the long run.

THIRD, encourage further exploration of the costs of climate change at the sectoral and regional level. Our
analysis is one contribution to this field. By necessity, our coverage of climate change impacts and sectors
assessed in this report is limited. Most decisions taken to adapt to climate change impacts are context and
site-specific, requiring a more detailed analysis than what is possible at a national level. Our intention is

that by documenting our approaches to developing these cost estimates we will inspire others.
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1.3 OUR APPROACH
TO ACHIEVE THESE GOALS, WE USED TWO COMPLEMENTARY RESEARCH APPROACHES:

FIRST, we conducted top-down economic analysis that estimates the potential costs of climate change
for the country as a whole. These high-level estimates give a sense of the scale of the challenge and the
difference in costs that could be faced depending on future global greenhouse gas emissions under
various scenarios. We also used this analysis to highlight the large degree of uncertainty and risk that

underlies this type of costing work.

SECOND, we conducted bottom-up analysis that estimates the economic consequences of climate
change for three specific impact areas — timber supply, coastal areas, and human health — and the
relative costs and benefits of adaptation. Bottom-up studies are most helpful for informing decision
making on adaptation because they connect the costs of climate change to particular sectors and
regions where they will be felt most. Where possible our analyses are national in their scope. We used
a common analytical framework to ensure a consistent approach to the research and, where possible, a
consistent presentation of results across these studies (see Appendix 8.1). We also explore how climate

change could impose costs through impacts on Canada’s ecosystems.

With both our top-down and bottom-up analysis, we explore the costs that climate change could
impose on Canada. Where there may be benefits in specific impact areas, we draw attention to these
also. Studies of other impact areas such as energy demand or agriculture may identify other economic

benefits from climate change.

OUR APPROACH TO CONSIDERING THIS ISSUE IS BASED ON WELL-UNDERSTOOD LIMITATIONS:

FIRST, economics is not a perfect tool for understanding the impacts of climate change or for deciding
how to respond. When it comes to impacts on health, ecosystems, and culture (among other areas),
expressing the impacts of climate change in dollar values is not always meaningful to people. Also,
most of our costing methods consider incremental costs resulting from small changes in climate change
impacts, but these methods are not appropriate when applied to major shifts in components of the
earth’s system, such as the global climate. In spite of these limitations, economics — combined with
other information — is essential to appreciating the scope of what climate change portends and to help

make societal choices on how to deal with it.
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SECOND, there are many types of “costs” of climate change, some of which are more readily monetized
than others. Economic value can be broken up between “use values” and “non-use values.”? Use values
are, for the most part, familiar to us and to our pocketbooks. Within this wide category of costs, we
include goods and services with a market price like replacement costs of dwellings damaged from a
flood or timber losses from wildfires. Also within this category of costs, we include ecosystem services
like air purification by trees or clean water. We are familiar with these ecosystem benefits but their
worth is hard to capture in economic terms because they typically lack market prices. Non-use values
are, by comparison, intangible. They refer to our willingness to pay to maintain some service in existence
despite no actual, planned or possible use, such as the value we derive from simply knowing that polar
bears will be protected from extinction. Our analysis focuses primarily on traditional market values,

which is a partial accounting.

THIRD, forecasting the economic impacts of a changing climate is no exact task. Uncertainty pervades
every step in any such analysis: we don’t know precisely what global greenhouse gas emissions will be
in the future, how much or how fast the climate will change, how significant the impacts of climate
change will be, how our economy and population will grow and respond to these impacts, or how
these impacts will be felt in economic terms. Our analysis relies on the current scientific and economic
understanding of climate change, which is incomplete and always being updated. Figure 1 shows how
uncertainty in this sort of analysis can accumulate. But uncertainty is part and parcel of all climate
change policy planning. Following the precautionary principle and prioritizing “no-regrets” strategies
can help decision makers navigate through the uncertainty, assess degrees of risk, and make sound,

cost-effective investment and adaptation decisions.

FIGURE |
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ASSESSING CLIMATE CHANGE IMPACTS AND STRATEGIES BASED ON A RANGE OF SCENARIOS AND POSSIBLE FUTURES IS
CONSIDERED SOUND POLICY PRACTICE.

Knowing this, the NRTEE adopted a consistent, comparable scenario approach throughout our analysis
and in this report. Instead of estimating the costs of climate change for only one possible future, we applied
scenarios representing four possible futures to our analysis to highlight uncertainty and illustrate a range
of future economic outcomes. These scenarios combine two key drivers of change: (1) extent of climate
change resulting from global GHG emissions and (2) national rate of population and economic growth

in Canada. A brief explanation of our scenario framework follows.

/I EXTENT OF CLIMATE CHANGE: Our assumptions about global GHG emissions trajectories relied on well-
established scenarios of the Intergovernmental Panel on Climate Change (IPCC), representing possible
climate futures in the absence of climate mitigation policy.»* The low climate change scenario results from
a convergent low-emissions world with a heightened environmental consciousness, a population that peaks
by mid-century, accelerated technological advances, service-focused economies, and equitable economic
development. The high climate change scenario results from a high emissions world of less economically
integrated regions, continued population growth, slow-paced technological change, and slow growth in
per-capita incomes. Figure 2 presents the two hypothetical trajectories of global GHG emissions. In the low
climate change scenario, annual emissions start to decline around 2040, but global greenhouse gas concen-

trations in the atmosphere continue to rise.
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a We used the IPCC “A2” scenario for our high climate change scenario and the “B1” scenario for our low climate change scenario.
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/I RATE OF POPULATION AND ECONOMIC GROWTH IN CANADA: To our assumptions of global climate futures,
we overlay a distinct set of assumptions about Canada’s future population and economic growth. We
use “slow growth” and “rapid growth” scenarios adapted from the United Kingdom Climate Impacts
Program’s “local stewardship” and “world markets” scenarios, respectively.* Our slow-growth scenario
represents a Canada characterized by slow population and economic growth, and our rapid-growth
scenario represents the opposite — a Canada with both rapid population and economic growth. Figure 3
shows our assumptions on population and economic growth for these two scenarios. Annual growth in
gross domestic product (GDP) is 1.3% in the slow-growth scenario and 3% in the rapid-growth scenario.
When these growth scenarios are overlaid on the climate scenarios, we have four possible futures as

shown in Figure 4.
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FIGURE 4
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Implicit in our selection of population and economic growth assumptions for Canada is the notion

that Canada could evolve differently than the rest of the world. So, although global growth patterns

determine aggregate emissions levels, we are assuming that Canada’s own growth could follow a separate

path. The four scenarios allow us to explore the relationship between domestic development, global

emission trajectories, and climate change impacts in Canada.

For each scenario, we present results in the near term (next 10 to 20 years), medium term (mid-century)

and long term (late century). We present both annual costs and cumulative costs over time. Throughout

the report annual costs are not adjusted to present-day terms using a discount rate. They are instead the

costs that will be experienced at the future time (in C$(2008)). However, when we present cumulative

costs aggregated over the century we use present-value terms, employing a 3% discount rate as recom-

mended by the Government of Canada for this type of analysis.®
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RESEARCH AND CONVENING: The NRTEE conducted extensive research and convening, bringing together
experts, advisers, and stakeholders to augment our understanding of the modelling and research data
and analysis produced. This type of work is necessarily interdisciplinary, in our case requiring an
integration of climate, ecological, health, geographic, and economic information. No one expert can
speak to all the components of this report, so we engaged a wide cross-section of experts and
adaptation practitioners to offer advice, input, and commentary as we went along. Their feedback
helped identify the best information available for our analysis, the limits of the existing knowledge

base, and where we could usefully contribute.

WE EMPLOYED SEVERAL ENGAGEMENT VEHICLES:

| // EXPERT SCOPING WORKSHOP: A group of experts comprising academics and adaptation experts in
government and the private sector participated in a workshop in July 2009 to help narrow down

topics for sectoral analysis.

2 [/ ADVISORY COMMITTEE: An advisory committee comprising representatives from government, academia,

and the private sector provided advice throughout the process.

3 // EXPERT REVIEW PROCESS: Individuals from government, academia, research organizations, and
professional associations knowledgeable in the issues and this type of analysis reviewed our commis-

sioned studies and this final report.

4 [/ STAKEHOLDER ENGAGEMENT SESSIONS: We discussed preliminary findings, particularly those with
regional significance, with expert stakeholders in five cities in October 2010, to assess their validity

and salience.
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OUR REPORT HAS THE FOLLOWING STRUCTURE:

CHAPTER 2 presents the estimated costs of climate change for Canada from now to 2075. We show
the costs in absolute dollars and relative to the future GDP. We then critically assess the uncertainty

underlying these estimates, including the possibility that costs could be much higher than expected.

CHAPTER 3 presents an analysis of the impacts of climate change on the timber supply and the economic
consequences of timber supply changes for the Canadian economy. It shows economic consequences with

and without planned adaptation.

CHAPTER4 presents an analysis of the number and value of dwellings that could be flooded across the
country’s marine coasts due to sea-level rise and increased storminess in a changing climate. It shows

economic consequences with and without planned adaptation.

CHAPTER 5 presents an analysis of the social costs and costs to the health care system of illnesses
and deaths in four of Canada’s cities due to warmer summers and poorer air quality from climate change. It

considers how planned adaptation could reduce the incidence of illness and death and lead to welfare savings.

CHAPTER 6 discusses the costs of ecosystem impacts of climate change by way of examples. It explains

the limits of economics in shaping our response to climate change.

CHAPTER7 concludes with the key messages stemming from our analysis, introduces the future work

planned at the NRTEE exploring policy pathways to adaptation, and provides recommendations.
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2.1 HOW IS CANADA AFFECTED?

Climate change leads to costs and benefits arising from impacts of
gradual changes in temperature, precipitation, and sea levels, as well
as from changing patterns of extreme weather and climate events.
Could we see economic benefits? How is Canada affected?

What will climate change cost Canada?

Many global and country-specific studies assessing climate change impacts and adaptation have been
undertaken since the early 1990s, including detailed scientific assessments conducted by the Government
of Canada,® but economic evidence for Canada is limited. No national-level analysis of this kind has
been published until now. Yet, the need for such information is growing. Canada has already warmed
more than the global average with warming to date estimated at over 1°C.” Physical impacts of warmer
temperatures and shifts in precipitation in our country are increasingly well documented, from shrinking
polar sea ice to drier conditions in the Prairies and interior of British Columbia. Canada’s own geography

and hemispheric location are key determinants of just how much we will be impacted.

All countries face some, but unequal, economic risk from the impacts of climate change. The magnitude
of those risks is also contingent on capacity to adapt. The IPCC’s Fourth Assessment Report concluded that
low-latitude and less-developed areas are particularly vulnerable to the impacts of climate change. For
example, agricultural yields are expected to decline in seasonally dry and tropical regions, increasing
hunger and malnutrition particularly in areas most susceptible to food insecurity, while developing
countries are expected to be more vulnerable to sea-level rise due to their limited adaptive capacity.® In this
context, and considering the capacities we have available to adapt, many of the risks facing Canada may
seem minor. What’s more, impacts that could be negative in warm countries could be more positive in
a colder country like Canada, leading to reduced heating costs in winter and improved agricultural
productivity in parts of the country. Studies on the global impacts of climate change have tended to portray

Canada at low risk from climate change, and, in some cases, even seeing modest benefits.’

Our own assessment shows a different story. The NRTEE analysis suggests that climate change will hit us
economically. In a changing climate, temperatures will rise more quickly in polar regions so, on average,
we will experience more warming than most countries. We are currently well adapted to cold temperatures:
our houses are well insulated and in some parts of the country we have built homes and infrastructure on
permafrost. Prairie farmers are accustomed to variability in moisture levels from one growing season to the
next, but recent research suggests the potential for more severe and frequent drought and unusually wet
years,!® with implications for future yields. The costs we could incur from climate change are the costs of
continuously adjusting to changing conditions. Although harder to calculate and less immediately apparent,

they are real and significant and bear understanding.
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This chapter provides estimates of the costs that Canada could expect over this century in a changing
climate.®? We show that there is a clear economic link between rising global emissions and how Canada
is impacted. These are the costs of inaction — possible costs of climate change without concerted global
action on mitigation and without significant adaptation domestically. We do not provide an assessment of
the relative costs and benefits of mitigation action and inaction as was conducted in earlier international
studies like the Stern Review or Garnaut Report."! Nor do we compare the costs and benefits of mitigation
with the costs and benefits of adaptation. Climate change is real and requires concerted international action
involving both mitigation — here and elsewhere — to reduce future emissions and adaptation to live with

the climate impact results of past emissions.

Some readers may be inclined to make comparisons between the costs of action and inaction drawing
from earlier NRTEE work on the costs of mitigation, or the work of others, and this report on the costs of
impacts. These were different reports for different purposes with different modelling and analysis. Such a
comparison would not be reliable due to significant technical differences between reports (e.g., time
horizon, economic modelling forecasts). Nor would it be meaningful, since climate change is a global
problem and any assessment of the economically “optimal” response to climate change should occur at the
global level, factoring in all the costs of climate change impacts and mitigation in Canada and abroad as
well. Also, choices about the balance of approaches and timing of actions will need to consider adaptive
capacity, rigidity of our economies and societies to accommodate change, and our willingness to tolerate

irreversible losses like the extinction of iconic wildlife, considerations that are not economic in their nature.

Our estimates are not the last word, but even partial estimates of the costs of climate change for Canada
such as these can help shape how Canada and Canadians should respond to climate change. Our estimates
demonstrate the potential scale of the economic challenge facing Canada from climate change. They
highlight the importance of investing in strategies to adapt to the damages we are likely to incur over the
next few decades due to greenhouse gases that have already been emitted, and show the long-term cost

implications of future global emissions pathways on Canada.

2.2 MODELLING THE COSTS OF CLIMATE CHANGE

We used the well-established model PAGE (Policy Analysis of the Greenhouse Effect) to explore
the costs of climate change for Canada. Initially developed in the early 1990s, the PAGE model has
undergone periodic upgrades in line with advancements in the scientific and economic understanding
of climate change. Our modelling employs the version completed in summer 2010, PAGE09.}> We adapted

PAGEOQ9 to include Canada as a distinct region in the model.

b A technical report underpinning this chapter was prepared by the NRTEE Secretariat and is available upon request (National Round Table on the Environment

and the Economy 2011). It includes more on the PAGE09 model, the results generated, and sensitivity analysis.
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PAGEOQ9 is a simple representation of a complex problem. It estimates the costs of climate change by

gﬁE\PTERI integrating forecasts of global emissions, population, and economic growth with climate change

E[EMNDER science and economics (see Figure 5). To be consistent with our sectoral analysis and to focus on the

OF OUR costs for Canada, we isolated Canada as one of the eight world regions in the model and fed in

SCENARIOS . .
forecasts of the future global emissions and Canadian growth pathways that correspond to each of our

SCENARIOS. PAGEO9 estimates the extent of warming and sea-level rise resulting from global emissions
and monetizes these impacts for four categories: (1) costs to traditional economic sectors; (2) “non-
economic” costs, such as those related to health and ecosystem impacts; (3) costs from sea-level rise;
and (4) costs from catastrophic damages such a sea-level rise of several metres due to rapid melting of
Greenland and West Antarctic ice sheets. Given that PAGE0Q9 uses such broad categories, it is not a tool
to identify specific costs and benefits of particular impacts of climate change, but instead to identify

the broad costs that climate change could impose.

FIGURE 5
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MODELLING THE ECONOMIC IMPACTS OF CLIMATE CHANGE REQUIRES SEVERAL KEY ASSUMPTIONS ABOUT THE SCIENCE
AND ECONOMICS OF CLIMATE CHANGE AND THE FUTURE STATE OF THE WORLD:

/[ CLIMATE SENSITIVITY: Scientific research has not pinpointed the precise amount of global warming
corresponding to given levels of greenhouse gases in the atmosphere. The majority of estimates of the
temperature rise resulting from a doubling of carbon dioxide levels in the atmosphere relative to
pre-industrial times are in the range of 2°C to 5°C. PAGE09 allows us to capture this type of uncertainty in

our analysis, forecasting a range of possible temperatures.
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/I GLOBAL COSTS: Building on a research report prepared for the Stern Review, which assessed damages
from several integrated assessment models,”® PAGEQ9 is structured to estimate costs in most regions
equivalent to slightly under 2% of GDP per year in response to 3°C of warming. This assumption funda-
mentally determines the scale of global economic impact that PAGEQO9 can generate. The model varies
the costs among world regions based on wealth, population, forecast temperature change, and relative

vulnerability to climate change.

/| CANADA’S VULNERABILITY: On average, Canada will experience more warming than world regions further
from the poles, but exposure to warming doesn’t directly translate into impacts or costs. For a host of
reasons, heat-related deaths will likely be lower here than in regions with warmer baseline temperatures;
damages from sea-level rise are likely to be more acute in regions with more densely populated, low-lying
coastlines; and agricultural production in some parts of Canada may fare better in a warmer world than in
some other regions. The costs estimated by the model reflect these differences in vulnerability, based on
an up-to-date body of evidence that includes our own sectoral analyses presented in the next few chapters.

As the evidence base grows, further refinements to our characterization of vulnerability are possible.

/| COSTS OF NON-MARKET IMPACTS: PAGEOQ9 conceptually captures non-market impacts of climate change
such as species extinctions and losses in ecosystem services. Research that monetizes these types of
non-market impacts is sparse and incomplete. For example, what would a credible economic value be of
“widespread coral mortality” possible at 2.5°C global temperatures above pre-industrial levels?'* Since
humanity’s well-being — economic and otherwise — relies on healthy functioning ecosystems, the
economic significance of ecosystem impacts of climate change could well dwarf global GDP. By necessity,
the coverage of important non-market impacts in the model is limited, and so we could be understating
the costs estimated. However, the extent to which a more comprehensive inclusion of non-market impacts
would increase costs is unclear.!® Chapter 6 of our report includes further information on the economics

of climate change impacts on ecosystems within Canada.

/| COSTS OF CATASTROPHIC CLIMATE CHANGE: Scientific understanding of the risks of catastrophic climate
change is limited and the corresponding costs even more so. Such rapid climate change and resulting
impacts are beyond humanity’s collective experience. Not only that, these impacts will likely never be
fully anticipated, with surprises likely looming on the horizon. In our modelling we assumed that we
only face a chance of catastrophe after a temperature threshold has been crossed (between 2°C and 4°C
of global warming) and then the chance of catastrophe grows with every further degree of warming. If

catastrophe occurs, then between 5% and 25% of GDP is expected to be lost.

/| ADAPTATION: To illustrate the economic impacts of climate change itself, our analysis focuses on the
cost of inaction and therefore assumes that no adaptation takes place. Some degree of adaptation to
future climate change will undoubtedly occur without policy intervention but its extent and associated
costs were too unclear to formulate defensible assumptions. In this sense our estimates could be overstating

what we could expect in terms of costs.
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A strength of PAGEQ9 is its built-in capability to undertake uncertainty analysis. It provides both the
average (mean) result and a range of possible results for temperature change, sea-level rise and costs (see
Box 1). Presenting this range of possible results is essential. It underscores the uncertainty underpinning
this type of analysis and helps illuminate the implications of differences in our perception and tolerance
of risk. An outcome with an estimated 1 in 20 chance of occurring based on the available information,
might be unacceptable to some but not others, due to the magnitude of impacts we could face in that

1 in 20 chance.

BOX |

~
CAPTURING UNCERTAINTY IN MODELLING THE COSTS OF CLIMATE CHANGE

Costing the future impacts of climate change requires working with incomplete and uncertain information. Two alternative approaches

exist to deal with this inevitable situation:

We can ignore uncertainty and solely rely on best guesses of all model inputs in our costing work, following a “deterministic”
approach. This approach combines our best guesses into a single result. For example, if we think that a rise in global temperatures over
pre-industrial times of 3°C would occur at a doubling of carbon dioxide levels in the atmosphere, and that each degree of warming
would cost us $I million, then a doubling of carbon dioxide levels in the atmosphere would cost $3 million. This cost estimate would only

hold true if we turned out to be right about our best guesses.

Or, we can explicitly factor in the uncertainty that underlies our best guesses in our costing work, following a “probabilistic”
approach. This approach produces a distribution of possible results and provides a range of possible outcomes. It involves input-
ting our best guesses along with a range of values we think are possible for each model input. We can use the distributions associated
with each model input to generate a distribution of results. Applying the probabilistic approach to the same example, we could assume
that the most likely rise in global temperatures at a doubling of carbon dioxide in the atmosphere is 3°C, but it could be anywhere
between 2°C and 5°C, and that the most likely cost of each degree of warming is $I million, but it could be anywhere between
$0.5 million and $2 million. Then, if we wanted to know the costs of a doubling of carbon dioxide levels we could say that these costs

have a central estimate of $3 million but could be anywhere between $1 million and $10 million.

The probabilistic approach yields richer results than the deterministic approach because they let us know about a range of possible
futures rather than one outcome. But, these results are still only as accurate as the information we include in the model. We could introduce
bias in the distribution of results we generate and in central estimates by, for example, using too narrow a range of values for a given model
input. In time, and with more research, we could find out that the costs of each degree of warming are nowhere near $0.5 million to $2 million,

but much higher (or much lower).

We take a probabilistic approach in our modelling for this chapter. For uncertain model inputs, the PAGEO9 model includes distributions like
the ones described above, with outer limits and a most likely value. Each time we hit “go,” the model runs 10,000 times, each time randomly
selecting a value from a different point along each uncertain distribution. The model generates a set of results for each of the 10,000 runs

and when all these results are combined, we can see the full distribution of possible outcomes — what outcomes are possible and how likely

each one is relative to the other possible outcomes.
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Against this backdrop of assumptions and uncertainties, the PAGE09 model is a powerful tool that
highlights the potential scale of the issue to Canada and Canadians, shows trends over time, shows how

our future choices can influence future outcomes, and incorporates uncertainty and risk in cost forecasts.

2.3 ECONOMIC CONSEQUENCES OF CLIMATE CHANGE FOR CANADA

In all scenarios, climate change is expected to impose accelerating costs, rising from an average

value of $5 billion per year in 2020 to an average value of between $21 billion and $43 billion per

year by 2050. Figure 6 shows the costs out to 2075 in each scenario. The emissions levels in our high and
low climate change scenarios start to diverge around 2010 (see Figure 2), but the impact of these future
emissions on temperatures does not become very large until after 2050, due to the lag time between
emissions and warming and inertia among components of the Earth system — climate, ocean, and
terrestrial biosphere.!® Costs are higher with more climate change. On a dollar basis, a richer Canada would
face higher costs than in the alternate case, since the value and number of assets exposed to damages from
climate change is higher. The combination of high climate change and rapid growth leads to the highest

economic cost impacts.
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FIGURE 6
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Climate change presents a growing, long-term economic burden for Canada. Changes in future global
emissions have little effect on the costs in Canada in the next three or four decades but have a major effect
later in the century. Figure 7 shows the average annual costs of climate change relative to the forecast GDP
between now and 2075. Presenting costs this way shows the variation of costs of climate change relative
to our overall wealth, and gives a different perspective than the results shown in Figure 6. We can expect
average costs to amount to roughly 0.8% to 1% of GDP by 2050. The economic burden will be much greater
on future generations with higher future emissions. The model assumes that richer societies are somewhat
less vulnerable than poorer societies, so the relative burden of the costs in the slow growth scenarios for

Canada is higher than in the rapid growth scenarios.
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FIGURE 7
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Uncertainty about the science and economics of climate change suggests that a wide range of
outcomes is possible. Figure 8 shows the range of possible costs in 2050 for a high climate change-rapid
growth scenario estimated from 10,000 model runs. The central average value for the cost of climate
change in this scenario is $43 billion per year in 2050; yet, a closer look at the range of possible costs
indicates a 5% chance of costs being less than $16 billion and a 5% chance of costs being greater than
$91 billion. Typically, there is more certainty in estimates for earlier time periods since we have more
confidence in the information built into immediate forecasts of emissions levels, economic performance
and population trends. We also have a better idea of the costs of smaller amounts of warming than of larger

amounts of warming. Though the model provides results out to 2200, we focus on estimates out to 2075

and have most confidence in results for the early periods.

The costs could be far higher than the average. A small but not impossible chance of costs reaching
over $150 billion per year in 2050 exists. This highlights the precautionary principle: the costs at the
upper end of the distribution spectrum are so high, they merit consideration even though the chance of them
occurring appears small. There is a similar degree of uncertainty underlying each of the four scenarios, but

the magnitude of costs varies among them (see Appendix 8.2 for histograms showing cost distributions for

each of the four scenarios in 2050).
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FIGURE 8

DISTRIBUTION OF COSTS OF CLIMATE CHANGE
IN HIGH CLIMATE CHANGE-RAPID GROWTH SCENARIO, 2050

PERCENTAGE LIKELIHOOD OF DIFFERENT ANNUAL COSTS OF CLIMATE CHANGE
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A lower emissions future would remove the possibility of very costly outcomes that would be

possible in a high emissions future. Table 1 shows that by 2075, when differences in impacts between the

low and high climate change scenario start to become more pronounced, the annual costs at the upper end

of the range of possibilities are substantially lower in the low climate change future than in the high climate

change future. Comparing the results of the two rapid growth scenarios, with high climate change there

would be a 5% chance of costs exceeding $546 billion and a 1% chance of costs exceeding $820 billion,

but with low climate change the magnitude of the low risk-high impact possibilities is much lower —

a 5% chance of costs exceeding $350 billion and a 1% chance of costs exceeding $525 billion.

TABLE |

KS (2008), UNDISCOUNTED

ANNUAL COSTS OF CLIMATE CHANGE, 2075

AVERAGE ANNUAL COST

5% CHANCE OF ANNUAL
COSTS REACHING AT LEAST

1% CHANCE OF ANNUAL
COSTS REACHING AT LEAST

~

= LOW CLIMATE CHANGE =+ HIGH CLIMATE CHANGE
SLOWGROWTH™| RAPID GROWTH §SSEOWGROWTH™| RAPID GROWTH
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The pattern of possible results illustrates the nature of risk and uncertainty in forecasting climate change
outcomes. Our modelling shows not just expected or average costs but the prospect or risk of either
lower or higher costs. And it shows what the magnitude of those different costs could be. By examining
the distribution of possible results through this kind of modelling we can assess Canada’s risks of acting
or not acting in the face of uncertain economic outcomes. For while all results show there is a chance the
costs could be somewhat lower under each scenario at one end of the scale, they also demonstrate that the

same chance — 1% or 2% or even 5% — leads to demonstrably higher costs at the other end of the scale.

These findings show that lower global emissions levels would greatly reduce the costs of climate change
in absolute and relative terms or put another way, they show that higher global emission levels mean
correspondingly greater economic costs. They also show that lower global emissions levels reduce the risks
of extremely high costs of climate change. By implication, worldwide efforts, including ours, to rein in
and cut emissions can be seen as an insurance strategy to reduce these risks. Canadians make regular
investments to reduce or manage the risks of small probability events like car accidents and house fires.
We spend money on winter tires and smoke alarms to reduce risks and impacts, and we spend money
on insurance so that if that small probability event occurs despite our efforts to avoid it, we take less
of a financial hit. We should therefore assess not just the societal and economic acceptability of the
higher likelihood impacts of climate change and their costs, but also consider the acceptability of a lower

likelihood outcome of climate change with more costly impacts.¢

2.4 CANADA AND THE WORLD AT 2°C WARMING

The results of the PAGE09 modelling can be used to explore the scale of costs we may face from climate
change under different policy futures. Under the 2009 Copenhagen Accord, Canada is working in concert
with other governments to limit the global temperature increase to 2°C above pre-industrial levels.!” Being
a northern country, a 2°C rise in global average temperature could mean a temperature increase of over 3°C
on average for Canada. Although we do not explore this specific scenario in our analysis, we can extract
from results presented in this chapter to think about what that global target could mean for Canada. The

four scenarios we modelled would lead to a global temperature increase of 1.7°C to 1.8°C by 2050.

Even if we succeed in achieving the 2°C temperature limit established in the Copenhagen Accord, our
analysis shows that climate change would still be expensive for Canada: the average costs of a 1.7°C to
1.8°C increase in global temperatures are estimated at $21 billion to $43 billion per year for Canada in 2050
if we do nothing to adapt and try to reduce those impacts. Costs would more likely be at the lower end of
this range if domestic mitigation slowed economic growth. However, in sharp contrast to the growing costs
of inaction presented in this report, under the Copenhagen Accord costs would not continue to increase in
later time periods as emissions continue to grow, as shown in our results, but instead stabilize at the 2050

levels (at least in relative terms) and perhaps decline over time as we adjusted to a new reality.?

¢ See section 3.3 of the NRTEE’s recent report Degrees of Change: Climate Warming and the Stakes for Canada for a discussion on ‘navigating uncertain climate
futures’ (National Round Table on the Environment and the Economy 2010).
d However due to lags and feedback mechanisms related to greenhouse gases already in the atmosphere, temperatures may rise well-above 2050 levels until they

reach long-term (‘equilibrium’) levels.
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Climate change has a price tag for Canada, and it could be big. Our research and analysis shows it could
range from $21 billion to $43 billion per year by 2050, equivalent to 0.8% to 1% of GDP, depending upon
what future global emissions occur and how Canada grows in the meantime. There are also risks of costs

being far higher and these risks merit consideration.

These Canada-wide results frame some of the issues for us. So far we have shown that we expect to face
costs and that we need to adapt to that reality. But, as our Degrees of Change report illustrated, the impacts
of climate change will be felt differently in different parts of the economy and different parts of the
country. Given the local or regional impacts of climate change, solutions and responses to managing its costs
are most readily identified by analyzing the impacts on different sectors. To gain a better understanding
of the economic impacts of climate change and possible adaptation measures for Canada’s prosperity,
places, and people, the following three chapters explore three important and representative areas that will

all be affected by climate change: timber supply, coastal areas, and human health.
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3.1 THE CLIMATE CONNECTION

Climate change adds a new threat to Canadian timber supply.

Canada is home to almost 3.5 million square kilometres of forests, representing 10% of global forest cover
and 30% of the boreal forest.!® These forests clean our water and our air, shelter many species, provide us
with recreation values, absorb and store carbon, and support a forest industry® that drives 1.7% of our GDP."
Climate change will have real consequences for Canada’s forest industry and cascading effects will impact
other sectors. GDP could fall by 0.1% to 0.3% by mid-century.

Forests are sensitive to changes in weather and climate. Canadian researchers, including in the Canadian
Forest Service at Natural Resources Canada, are studying the potential impacts of climate change
on Canada’s forests (Figure 9).2° In a changing climate, forest fire activity is expected to increase,
affecting timber supplies and leading to higher fire management and control costs. An increase in pest
disturbance is likely over the next few decades, and more frequent and intense extreme weather events
including wind and ice storms could damage trees and industrial operations. Warmer temperatures and
higher levels of carbon dioxide in the atmosphere may accelerate productivity under certain conditions.
The distribution and composition of ecosystems — including forests — is shifting, with some species
gaining suitable habitat and others losing it. In a global economy, impacts of climate change on forests
outside of Canada could have cascading effects on our forest industry.

FIGURE 9

-~
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IMPACTS OF CLIMATE CHANGE ON CANADA'S FORESTS

CLIMATE CHANGE ) BRSEENV I ) ;g&:mg:g%

Temperature and
precipitation change

Changing weather
patterns

Change in global
timber markets

Composition, distribution .

and structure of ecosystems Human healthimpacts
Extreme weather events Non-market values
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e The forest industry includes forestry and logging, pulp and paper manufacturing, and wood product manufacturing. We use “forestry” to refer to the forestry and

logging sector that includes timber production, harvesting, reforestation, and gathering of forest products (Industry Canada 2010a).
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A changing climate is one driver of economic change, among many others. Box 2 highlights the steps
underway to transform Canada’s forest industry and draws connections between this transformation

and climate change.

BOX 2

~

TRANSFORMATION OF CANADA’S FOREST INDUSTRY

Canada’s forest industry is vulnerable to global dynamics including international labour and wood costs, the strength of the U.S.
dollar, and U.S. housing starts. Total exports have fallen by nearly 50% between 2004 and 2009 partly because of the recent economic
downturn.? In order to tackle increased international competition and maximize the value extracted from timber, work is underway to
transform Canada’s forest sector by diversifying the use of forest products through the development of new hioproducts (e.g.,
biodegradable plastics) and by enhancing penetration of wood products as building materials.?? A recent study has identified a roughly

$200 billion global market opportunity for bioproducts from the forest industry.?

The Canadian Council of Forest Ministers has set out a vision for sustainable forest management in Canada underpinned by forest sector
transformation and climate change. These two themes go hand in hand.?* The emergence of carbon markets and carbon-pricing policy with
mechanisms to allow offsets from forest carbon projects could create economic opportunities for the sector. Adapting forest management
practices to account for future impacts of climate change could help advance industrial transformation and the objectives of climate change
mitigation, for example, by increasing our forests’ capacity to absorb carbon and industry’s capacity to produce a reliable supply of
sustainable biofuels. Transforming the economic trajectory of the sector toward diversified and highly valued products is also a strategy to

buffer the forest industry and the communities it supports from adverse impacts of climate change.

But just how much economic impact could climate change have for Canada’s forest industry and for
Canada as a whole? This chapter explores the relationship between climate change impacts on timber
supply and the economic repercussions for Canada’s economy that flow from these impacts.t As high-
lighted in Figure 9, we concentrate on shifts in timber quantities resulting from changes to forest fire
regimes, forest productivity, and pest disturbance in a changing climate and then estimate the economic
costs or benefits of these impacts. Finally, we consider whether adapting to climate change could improve

our economic welfare.

f A technical report underpinning this chapter is available upon request: Costing Climate Impacts and Adaptation: A Canadian Study on the Forest Sector (Marbek

and Lantz 2010).
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3.2 AN OVERVIEW OF OUR METHODS

This section provides highlights of the methods used to guide our analysis. Additional information on

the methods and limitations is available in Appendix 8.3.

PHYSICAL IMPACTS: Our analysis of physical impacts covers shifts in timber quantities from forest fires,
forest productivity, and pest disturbance in a changing climate. We focus on these impacts for two reasons:
(1) they most directly affect the quantity of timber supply® that will be available in the future and (2) there
is already a sufficient evidence base upon which to build. Geographically, our analysis covers forest areas
assigned for timber production across six regions: British Columbia; Alberta; Manitoba, Saskatchewan and

the Territories?; Ontario; Québec; and Atlantic Canada.

We developed estimates of the expected changes to timber supply for each region and climate change
SCENARIO (both high climate change and low climate change). These estimates were drawn primarily
from research conducted by the Canadian Forest Service at Natural Resources Canada, including
qualitative or quantitative estimates of the impacts of climate change on fires, forest productivity, and

pests in Canada’s various forest regions.

ECONOMIC IMPACTS: The economic consequences of changes in timber extend beyond forestry, affecting
industries such as manufacturing and construction. We used computable general equilibrium (CGE)
modelling to explore the costs and benefits to Canada’s broader economy of changes in timber quantities
due to climate change. Generally speaking, CGE models forecast macroeconomic trends, using simplifying
assumptions to represent regional economies and their complex interactions. CGE models integrate
consumer demand, labour and capital supply, and markets for production inputs and outputs. We ran
CGE models for each region under both rapid and slow growth scenarios. We then changed the forest
sector output based on the estimated changes in timber supply from climate change and reran the
models. Comparing the economic indicators across model runs with and without climate change lets us

explore the economy-wide impacts of different climate futures.

g Our focus is on timber quantity but we recognize that climate change also affects timber quality and the timing of planting and harvesting.

h Yukon and the Northwest Territories have far more forested land than Nunavut.
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3.3 TIMBER IMPACTS DUE TO CLIMATE CHANGE

The effect of climate change on timber quantities intensifies over time and varies regionally
with western parts of the country faring worse than eastern parts. The analysis shows that timber
quantities decrease in all regions as climate change heightens over time. These decreases range from
1-5% in the 2020s to 2-23% in the 2080s. But these impacts are more noticeable for western Canada than
for eastern Canada. For example, according to the analysis, timber quantities could fall by between 9% and
14% in Alberta, between 7% and 11% in Manitoba, Saskatchewan, and the Territories, and between 5% and
8% for British Columbia by the 2050s. In Québec, timber quantities could fall by 1% to 2% by the 2050s.
Our estimates reflect expectations of broad trends rather than specific events. Recent experience with the
mountain pine beetle in British Columbia, projected to result in an estimated loss of 23% of provincial
timber volume by 2015,% suggests that our results are conservative for British Columbia. Table 2
summarizes our estimated range of reductions in timber quantities relative to current levels from the
combined effects of climate change on fire, forest productivity, and pests, under both the low and high

climate change scenarios.

TABLE 2

-

~
TIMBER QUANTITY REDUCTIONS DUE TO CLIMATE CHANGE

MANITOBA, ,
CgEIl]-I:/ISEI;: | ABeRTA | saskatchEwaN | oNTARID QUEBEC Ag kﬁ;‘g}f
TERRITORIES

2020s 3 to 4% 3to5% 4 to 5% 2% 1% 1%
2050s 510 8% 9to 14% 7to 1% 210 4% 1to 2% 2t04%
2080s 8tol4% 13t022%  [3t023% 4 10 8% 2 to 4% 2to 5%

J

Forest fires have the largest impact on timber quantities in most regions. The influence of forest productivity
on timber quantities is positive in eastern Canada while negative in the west. All regions are expected to be

negatively similarly affected by pests in the future.

3.4 ECONOMIC IMPACTS

Changes to timber quantities due to climate change in the 2050s could reduce national GDP by
up to 0.3% — or about $17 billion — compared to a case with no climate change. The costs of
climate change are a function of the rate of change of timber supply impacts and the evolving structure
of the economy as a whole. Table 3 presents the impacts of climate change to Canada’s economy, as
measured by changes in GDP. We show results for all four scenarios. In each scenario, the relative
GDP changes are higher in the 2050s than the 2020s but then subside somewhat by the 2080s as GDP

growth outpaces the growth in the costs of climate change.
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TABLE 3

-
ANNUAL CHANGES IN GDP RELATIVE TO “NO CLIMATE CHANGE” BASELINES

= LOW CLIMATE CHANGE = HIGH CLIMATE CHANGE
SEOWGROWTH™| RAPID GROWTH JSSEOWGROWTH™| RAPID GROWTH

2020s -0.10% -0.12% -0.15% -0.18%
PALIS -0.12% -0.18% -0.21% -0.33%

2080s -0.11% -0.08% -0.19% -0.15%
_ /

Climate change dampens economic activity and productivity, with GDP impacts most pronounced
for Manitoba, Saskatchewan and the Territories, and for British Columbia. Table 4 shows the
range of expected GDP impacts over time for two of our future scenarios compared to “no climate
change” baselines. GDP in British Columbia could fall by roughly 0.2% to 0.4% by the 2050s. In the
most adversely impacted region — Manitoba, Saskatchewan, and the Territories — our modelling

shows that GDP could fall by roughly 0.3% to 0.9% by the 2050s.

TABLE 4
g ANNUAL CHANGES IN GDP RELATIVE TO A
“NO CLIMATE CHANGE” BASELINES BY REGION, 2050s
O T
-$0.5B -0.18% -$3.1B -0.44%
-$0.2B -0.06% -$1.0B -0.14%
-$0.5B -0.33% -$3.3B -0.85%
Son o e -oan
m -$0.3B -0.08% -$2.1B -0.23%
som oo s oz
\ $(2008), UNDISCOUNTED /

i This region represents an aggregation of five distinct regional economies with varying characteristics, making it difficult to explain the significance of our
estimated impact on GDP. There are two possible contributors: size of the aggregate forest industry relative to the aggregate regional economy and the extent
of interconnections between the forest industry and other industries of the regional economy. Within the aggregate region modelled, the forest industries in
Manitoba and Saskatchewan are the largest of the five. Their respective GDP contribution to each provincial economy is about the same as in Alberta. Therefore,

the more likely explanation relates to the many cascading effects that changes in the forest industry produce, which may be an artifact of the model.



54 // NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

We cannot predict the sensitivity of regional economies to climate change by looking at the extent of
exposure to physical changes in timber quantities alone. Comparing Table 2 with Table 4 helps illustrate
how the structures of regional economies influence regional vulnerability to the impacts of climate change.
At least two factors come into play: the relative size of the forestry sector and the degree of reliance
of other economic sectors on outputs from forestry. Our estimates in Table 2 show that Alberta could
experience greater percentage changes in timber quantities due to climate change than British Columbia.
However, relative costs of these timber changes as shown in Table 4 differ markedly. The forestry
industry in British Columbia is a larger component of the provincial economy and is more important to the

rest of the provincial economy than is the case in Alberta, so the cascading effects are more significant.

Costs aggregated at the regional level mask important differences within regions. Residents of communities
that depend on the forest sector will be particularly susceptible to climate change. For example, forest
fires are a particular threat to health and assets in forest-based communities. And, severe impacts like
those seen in the case of the mountain pine beetle could limit the availability of the forest products

that drive local economic growth.2¢

The cumulative costs of changes in timber supply over the next 70 years due to climate change
range widely, from $25 billion to $176 billion for the country as a whole depending on the scenario.
Table 5 shows the cumulative costs of climate change from 2010 to 2080 by region and for Canada.
Here we add up the costs for each year from 2010 to 2080 and apply a 3% discount rate to develop the
cumulative costs. One observation is worth noting. Regional similarities in relative impacts on GDP as
shown in Table 4 do not translate into similar costs in absolute terms. While relative GDP changes in
Ontario will be comparable to those in Québec and British Columbia in the high climate change-rapid
growth scenario (as shown in Table 4), in absolute terms the costs are higher in Ontario (perhaps
as high as $75 billion cumulatively between 2010 and 2080) due to the larger size of that province’s
economy. Costs vary widely between the two scenarios shown below, which reflects diverging climate

futures and diverging socioeconomic futures.



PAYING THE PRICE: THE ECONOMIC IMPACTS OF CLIMATE CHANGE FOR CANADA // 55

TABLE 5

-~

[ oo
I TN BT
K $(2008), 3% DISCOUNT RATE /

CUMULATIVE COSTS DUE TO CLIMATE CHANGE, 2010-2080

= LOWCLIMATE CHANGE = HIGH CLIMATE CHANGE
SLOW GROWTH RAPID GROWTH

3.5 ADAPTATION STRATEGIES

Several strategies exist to prepare for and offset the physical and economic impacts of climate change
on forests.?”” They include operational and management changes, such as shortening rotation lengths and
minimizing the spread of pests. They can also involve behavioural change, such as shifting forest mana-
gement practices away from historical norms toward practices that embed principles of risk management,
adaptive management, and ecosystem resilience. These examples are but a few of the potential options
available. In practice, the choice of adaptation strategies will likely take into account the potential
to achieve synergies among strategies and to derive co-benefits. For example, improved fire management
strategies could also enhance forest carbon sequestration and reduce greenhouse gas emissions from
forests, thus contributing to climate change mitigation efforts. Trade-offs between adaptation and miti-
gation can also arise. For example, shorter rotation lengths support adaptation but longer rotation lengths
enhance carbon sequestration, which is important for climate change mitigation. If financial incentives
are established to encourage sequestration or reduce emissions overall, then adaptive strategies that also

achieve these objectives would likely be favoured.
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Adapting to climate change in many cases involves improving upon existing activities.?® Provincial and
territorial governments are responsible for fire suppression and forest pest management and already
devote considerable resources to these activities. Costs fluctuate from year to year depending on the
frequency and severity of fires and pest infestations. Over the last decade, yearly firefighting costs ranged
from $4 million to $73 million in Québec? and from $86 million to $417 million in British Columbia.3°

In Québec, 2010 spending on pest management and tree diseases totalled $6 million.?!

TO EXPLORE COSTS AND BENEFITS OF ADAPTATION, WE INVESTIGATED THE COMBINED EFFECT OF THREE STRATEGIES:

/I ENHANCING FOREST FIRE PREVENTION, CONTROL, AND SUPPRESSION: This short-term strategy could include

prescribed burning, removing dead wood that could fuel fires, and enhanced fire fighting.

/| INCREASING PEST PREVENTION AND CONTROL: This short-term strategy could include minimizing the risk of
introducing new pest species into a forest, managing the forest in a way that discourages pest productivity,

or spraying pesticides more aggressively.

/| PLANTING TREE SPECIES SUITABLE TO FUTURE CONDITIONS: This long-term strategy takes future climate
conditions into account in selecting tree species in re-planting efforts. Despite concerns regarding the
potential for assisted migration to contribute to maladaptation and have unintended consequences, we
still explore this option because of the scale of forest regeneration activities in Canada. Forestry companies
are already subject to provincial/territorial forest regeneration requirements and decisions about the

type of seedlings to plant could incorporate the prospect of changes in future conditions.

We chose these strategies because of their potential to cost-effectively reduce impacts of climate change on
timber quantities and their national application. To estimate the economic impact of their implementation,
we reran the six regional CGE models making adjustments to the expected changes in forest sector output
to account for the effect of adaptation. We then compared economic indicators from this modelling with

the costs of adaptation.

There are many uncertainties regarding the costs of potential adaptation options far into the future.
Besides costs, the exact effects of adaptation in reducing physical climate change impacts on a regional
basis are also largely unknown. For example, recent experience with the mountain pine beetle has
shown that decisions about the timing and effort of response to pest outbreaks can affect outcomes in
important ways (see Box 3). We do not consider the potential economic gains from developing Canadian
technical and scientific expertise that could be exported to provide adaptation solutions abroad. We

document our assumptions about the costs and effectiveness of adaptation in Appendix 8.3.
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BOX3

MOUNTAIN PINE BEETLE RESPONSES IN BRITISH COLUMBIA AND ALBERTA

Forest ecosystems are enormously complex, and although we can anticipate some of the gradual ecosystem impacts of climate change,
others may happen with little warning. By spotting potentially damaging impacts early on and acting on this information we open up the
range of adaptation strategies available to us. This allows us to choose to be proactive or reactive. But when the impacts of climate change

come as a surprise, reactive adaptation may be the only option.

This was the case in British Columbia where the scale of the recent mountain pine beetle infestation took many by surprise.®? By the
time the scale of the problem was well understood, the infestation was already too widespread for pest containment measures in central
British Columbia.® Instead, planners focused on recovering as much economic value as possible from damaged forests.?* The B.C.
government temporarily increased timber harvest levels so trees could be harvested before they lost their entire commercial value.*®
The government also invested roughly $I60 million in forest regeneration to recover forest values in affected areas.®® Despite these
efforts, the mountain pine beetle infestation is expected to have long-term economic consequences for the province, and roughly 16 mills

and production plants are expected to close by 2018 as timber supplies decline.’”

Alberta learned from British Columbia’s experience and prepared for the infestation in advance.®® The scale of the impact in
British Columbia encouraged Alberta to invest heavily in up-front containment of the infestation. Since 2006, Alberta has committed
approximately $210 million and has concentrated its efforts on removing affected trees, implementing pest management strategies, and

harvesting over-mature and vulnerable pines.*

According to our analysis, the benefits of adaptation outweigh the costs in every region and scenario.
The results of our analysis appear in Table 6. The present value of the implementation costs is in the
order of $2 billion to $4 billion for all three strategies combined between now and 2080, while the present
value of these benefits ranges from $20 billion to $138 billion (applying a 3% discount rate). Even after
adaptation, some impacts remain and their costs are estimated at $5 billion to $37 billion. This adaptation
strategy appears beneficial regardless of the future climate. This raises the following question: if these
adaptation strategies have obvious payoffs, why is application limited? Part of the answer may lie with
existing incentive structures, where the party responsible for investing in adaptation is different than the
party that would reap the benefits. Also, as mentioned earlier, assumptions about the effectiveness and
cost of adaptation are critical in estimating the returns expected from adaptation.* The effectiveness
and cost estimates will vary between sites and adaptive strategies, making it difficult to identify a more

credible set of national assumptions.

j We measure benefits as the reduction in consumer compensation that would be needed if these adaptation strategies were in place — in technical terms this is the
“compensating variation.” We calculate the remaining costs of impacts as consumer compensation that would be needed to return people to the level of welfare
they had without climate change after adaptation.

k Some expert reviewers during the course of writing this report have suggested that our assumptions in this regard are perhaps too optimistic based on recent

experience with the mountain pine beetle.
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TABLE 6

4 )
SUMMARY OF TIMBER ADAPTATION STRATEGY

ADAPTATION STRATEGY

¢ Enhance forest fire prevention, control, and suppression
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Further research is necessary to assess the feasibility of implementing the adaptive strategies explored
in this report on a wide scale. Some specific challenges are worth noting. The sheer vastness of Canada’s
forests makes comprehensive on-the-ground interventions cost-prohibitive, requiring targeted, staged
interventions.*® The gap in time between planting and harvesting trees — 50 to 100 years* — means
that adjustments in management strategies to account for climate change will need to be made in the
near term despite uncertainty about the extent of climate change expected in the future.* Governance
challenges may also arise. Most forests that are harvested for timber are provincial crown land licenced out
to timber companies. As landowners and regulators of the industry, provincial and territorial governments

have a strong role in helping to create conditions for adaptation. Governments and industry will need
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to work together to identify and implement the most suitable adaptation strategies. British Columbia’s
Future Forest Ecosystems Initiative is identifying ways that climate change could impact forest values and
adapting the forest management framework to these changing conditions in collaboration with external
partners including industry associations, First Nations, the Pacific Climate Impacts Consortium, and the

federal government.*

3.6 CONCLUSION

Our analysis shows that climate change is expected to negatively impact the timber supply through changes
in forest fires, pest outbreaks, and tree productivity. These impacts will be more severe in western parts of
the country. Timber supply reductions will have consequences for the economy as a whole through cascading
effects in other sectors. Overall, we could see GDP reductions of 0.12% to 0.33% by the 2050s and the
cumulative costs between now and 2080 could be on the order of $25 billion to $176 billion. Implementing a
variety of adaptive strategies to manage pests and fires and to plant trees suitable for future climate conditions
could alleviate much of the negative impacts of climate change for the timber supply and yield benefits that

far exceed the costs of adaptation.
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4.1 THE CLIMATE CONNECTION

Canadians living in coastal areas are accustomed to the hazards
of shifting sea levels and storm surges. Climate change will
exacerbate existing risks, exposing 3,000 to 13,000 more homes
to flooding by mid-century.

Canada has a vast coastline stretching 243,000 kilometres along three marine coasts. One in six Canadians
lives within 20 kilometres of a marine coast.** Coasts are an important source of recreation and livelihoods
for many more. Coastal communities have a long history of contending with the hazards of flooding and
erosion, but climate change is a new force that heightens risks to people, property, and the environment

along coastal areas.

In a changing climate, the combined effects of accelerated coastal erosion, sea-level rise, and a greater
frequency and intensity of storm surges could lead to permanent loss of land, temporary flooding, fresh-
water salination, damage to property, and disruption of key economic activities, among other impacts
(see Figure 10). Our understanding of the way that climate change could impact the coasts has recently
improved. A nationwide study assessed Canada’s sensitivity to sea-level rise and found that one-third of
our coastline is moderately or highly sensitive including 80% of the Nova Scotia, New Brunswick, and
Prince Edward Island coasts.** The high concentration of people and expensive infrastructure in Metro
Vancouver make this area particularly vulnerable. A few local and regional studies have assessed the
impacts and costs of climate change for built infrastructure and homes, with most of them focusing on the
East Coast.*® Beyond this, little research exists estimating the likely costs of climate change for Canadian

coastal areas; this study will begin to fill that gap.
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FIGURE 10
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In this study, we assessed the impact of sea-level rise and storm surge in terms of land at risk of flooding
and destruction of dwellings, and estimated the costs of dwellings lost, as highlighted in Figure 10.! We
then considered how two adaptation strategies — “climate-wise development planning” and “strategic
retreat” — could reduce the costs. The economic impact of accelerated erosion is another important effect
of climate change, potentially of commensurate damage, but was beyond the scope of our analysis because

of its very local nature (Box 4 explores this further).

1 A technical report underpinning this chapter is available upon request: Costing Climate Impacts and Adaptation: A Canadian study on coastal zones
(Stanton, Davis, and Fencl 2010).
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BOX 4

THE COST OF COASTAL EROSION

Erosion shapes and reshapes Canada’s coastlines. Along the St. Lawrence River’s Cote-Nord, the rate of erosion is expected to

accelerate due to rising sea levels, increasing storm intensity, and shifting freeze-thaw cycles in a changing climate.

An assessment of the 1,600 kilometres of coastline between Tadoussac and Natashquan revealed that roughly 400 kilometres of sand and
clay coastline along the Cote-Nord is eroding, and less than (00 kilometres of it is protected by adaptive defences or walls to reduce erosion.
Furthermore, 62% of towns on the Cote-Nord are located at river mouths and coasts composed of a sand and clay base, and more than 50%
of the Cote-Nord buildings are located within 500 metres of the coastline.*”

Research on the community of Sept-iles has found that 80% of the community’s coastline comprises vulnerable unconsolidated sediment,
a type of material highly susceptible to erosion by physical forces such as wind and waves. Erosion rates in some areas have
reached as much as eight metres of coastline loss per year.*® Today’s erosion rates already pose risks to homeowners. As an example,
in an eight-kilometre stretch between Monaghan beach and Routhier beach, an estimated $13.5 million in housing and $3.6 million
in land is at risk from erosion.*® By 2050, the low-lying sandy coastlines in the community are expected to have eroded by 54 metres on
average and up to 139 metres in some areas.™ In the “most likely” future climate scenario, an estimated $25 million in assets — primarily

houses and roads — could be at risk in Sept-iles by 2050.%'

Detailed assessments are underway to further assess coastal sensitivity and community vulnerability. The Government of Québec has
already invested more than $40 million to divert roads and build protective structures.’ Incorporating projections of erosion from
climate change into local planning processes and land use would go a long way to supporting sustainable development in the region.%®
Zoning amendments to limit construction in at-risk areas were among the favoured options by a committee of local stakeholders in Sept-iles.
This same committee recommended against engineered defences where possible and also suggested that relocating houses may be

necessary in some cases.’*
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4.2 AN OVERVIEW OF OUR METHODS

This section provides highlights of the methods used to guide our analysis. Additional information on

the methods and limitations is available in Appendix 8.4.

PHYSICAL IMPACTS: Our analysis considers two types of flooding: permanent flooding from sea-level rise
and the risk of temporary flooding from storm surges. Even without climate change, both these types of
flooding pose risks for Canadians. Sea levels along Canada’s coasts are dynamic and depend on local
physical properties. For example, land subsides or rises relative to the sea due to geological processes.

Also, communities already experience flooding from storm surges.

Climate change exacerbates existing flood risk. As oceans warm, they expand, raising global sea levels.
Melting ice caps, mountain glaciers, and blocks of ice from land-based ice sheets (e.g., Antarctica and
Greenland) also contribute to rising sea levels. The prospect of more frequent and intense storms poses

additional risk for flooding, particularly if storms occur during high tides.

Our analysis estimates the impacts from sea-level rise and storm surge with and without climate
change for Canada in aggregate and for each province and territory with a marine coast. Relying
on methods applicable for the country as a whole, we used geographic information system (GIS)-
based modelling to map the elevation of Canada’s coastal land in order to look at how much land
would flood if water levels were to increase to different heights. The GIS modelling assumes that land
can only be flooded if it is beside the ocean or another flooded area rather than assuming all land
below a certain height would flood. We divided Canada’s coastline into 20 segments and estimated
sea-level change and baseline storm surge frequency and intensity unrelated to climate change
along with increases in sea level and storm-surge intensity related to climate change for each coastal
segment. We use this information about sea levels and storm-surge intensity to estimate the future land

area at risk of flooding without climate change (“baseline”) and under the two future climate SCENARIOS.

Using 2006 census data, we then estimated the number of dwellings at risk of sea-level rise and storm
surge both in the baseline and due to climate change in each of the four futures. Rather than estimating
absolute losses in land area and dwellings, land area and dwellings are characterized as “at risk”
of flooding, which aggregates the portion of this flooding expected from sea-level rise and the risk-

weighted portion from storm surges.

ECONOMIC IMPACTS: In our analysis, the economic consequences of climate change flow solely from flooding
impacts on dwellings. Building on the approach used to estimate the number of dwellings at risk of flooding,
we used 2006 census data to estimate the average dwelling value in the flooded areas. We scaled these
values up over time based on the population/economic growth scenarios. The costs of dwellings flooded by
sea-level rise only register once — in other words, these costs are the full value of dwellings incrementally
lost to the sea. In contrast, storm-surge costs amount to the full value of dwellings flooded in each year — as

if homes were rebuilt after each flood. Cost estimates for storm-surge damages are weighted by the risk of a

SEE
CHAPTERI
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REMINDER

OF OUR
SCENARIOS
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storm surge occurring, and we assume that complete rebuilding of homes due to storm-surge damage could
not take place more than once per year. In reality, the relative destruction of homes and loss in value depends
on the height of a storm surge. A mild surge may, for example, cause damage equivalent to less than half of

the home value.™ In this context, our damage estimates may overstate the costs of climate change.

4.3 COASTAL FLOODING IMPACTS

By the 2050s, in a given year, between 33,000 and 38,000 square kilometres (km?) of land will be
at risk of flooding, with between 2,000 and 7,000 km? of this area at risk due to climate change.
Figure 11 shows the area of land that would be at risk without climate change (baseline) and due to
climate change in any given year, for each time period. These results highlight the potential for loss
of land to ocean flooding regardless of climate change. Baseline risks lessen over time for a couple of
reasons: (1) in some regions, the land is rising relative to sea levels, reducing the flood risk, and (2)
in cases where a gradually sloped coastline transitions to steeper slopes not far inland, early increases
to sea level have a much bigger impact on the land areas inundated than do later increases (once the

ocean has run up against a cliff, for example).

Climate change adds to the baseline risk. By the 2050s, 6% to 18% of land at risk of ocean flooding is
due to climate change, but this grows to between 14% to 29% by the 2080s. To give a sense of scale,
our results from the high climate change scenario in the 2050s show that, in total, the land at risk of
flooding from climate change across Canada is about 25% larger than Prince Edward Island, or roughly

the size of the Greater Toronto Area.
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m The U.S. Federal Emergency Management Agency developed the HAZUS model to estimate economic loss