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There is a growing consensus that, if serious action is to be taken to reduce greenhouse
gas (GHG) emissions in Canada, a price must be applied to those emissions. There are,
however, challenges associated with the political acceptability of carbon pricing. If
Canada implements a carbon price on its own, there are worries that Canadian
factories will relocate to other countries to avoid the regulation. Even if other countries
act in concert with Canada to price carbon, the effects will be uneven across sectors,
and lobbying efforts by relatively more-affected sectors might threaten the political
viability of the policy.



ost economists believe that

putting a price on carbon

emissions, typically through
some form of cap-and-trade system or
a carbon tax, is an effective and
low-cost way to reduce greenhouse gas
(GHG) emissions.! Given the global
nature of the climate change threat
and the open nature of Canada’s
economy, an economically optimal
response would be a globally
integrated carbon-pricing system.

While governments have not been quick to
implement carbon pricing, and certainly have not
done so on a global level, several US and Canadian
jurisdictions have followed the European Union in
setting a cap or price on carbon emissions. This
raises the prospect of a fragmented patchwork of
carbon-pricing policies. If Canada were to price
carbon without cooperating with other industrialized
countries, could this hurt the competitiveness of
some Canadian industries and cause jobs and
economic output to move abroad? Indeed, would
industries that emit large amounts of GHGs simply
shift to countries where emissions are neither priced
nor regulated, causing carbon “leakage” and partially
offsetting whatever Canada does to reduce its own
GHG emissions?

To date, only a few Canadian studies have looked
at competitiveness concerns with respect to carbon
pricing and the policy tools that might be used to
alleviate such concerns (see, for example, Wigle
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exposure, measured by the combined share of
imports in domestic consumption and the fraction
of domestic production that is exported. Sectors
most likely to see an impact on their competitiveness
as a result of carbon pricing are those that are both
greenhouse gas intensive and trade exposed — par-
ticularly the iron and steel, chemical, and gas, oil,
and coal extraction industries (those in the top right-
hand quadrant of Figure 3). If Canada were to
impose carbon pricing unilaterally, these sectors
would be most likely to face reduced international
competitiveness. At the same time, the effects of

carbon pricing on competitiveness would be
unevenly allocated across the country since, although
these industries account for only a fairly small
proportion of overall economic output compared

with other manufacturing and service INndustries,
they are generally located in western Canada.
Moreover, competitiveness could be a concern
whether carbon pricing were applied globally or
regionally. With global carbon pricing, Canada’s
extractive sectors might be placed at a relative disad-
vantage because of their high carbon intensity
relative to their competitors.
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Modelling the Effects of Carbon Pricing
on Competitiveness

In the decomposition and trade exposure analysis,
there is no recognition of the sensitivity of demand
for Canada’s exports to increases in carbon costs,
and the capacity for Canadian industry to reduce its
GHG intensity. Individual businesses and sectors as
a whole can change their production processes to be
less GHG intensive, and firms and consumers can
switch to less GHG-intensive products. How, then,
would the competitiveness of Canadian industry
look if a carbon-price schedule were implemented
that met Canada’s announced emissions goal of a 20
percent reduction from 2006 levels by 20207

To explore this question, we use two modelling
tools. The first is the Canadian Integrated
Modelling System (CIMS) hybrid technology sim-
ulation model (see Jaccard et al. 2003; Bataille et al.
2006), which we use to isolate the pricing path
necessary to hit the announced target and to explore
the basic effects of differing scenarios of inter-
national climate policy cooperation. We then use
the Dynamic Computable General Equilibrium
Emissions Model (DGEEM, see Rivers 2008; Rivers
and Sab17iwwBersfvy

6 In this analysis all comparisons are to 2005 emissions, as this was the GHG Inventory that was available when the analysis was done. Canadas
official total emissions as of late 2008 were 734 Mt in 2005, and 721 Mt in 2006.

7 An absolute cap-and-trade system with auctioned permits is an emissions limitation policy that operates as follows. At the beginning of a given
period, the government issues a limited number of emissions permits, set to match its emissions target in a given period. These are issued by
auction to the highest bidder. At the end of each period, all emitters must remit sufficient permits to cover all their emissions. Between the auction
and the end of the period, all permits are freely tradable. A simpler policy instrument is an upstream carbon tax, whereby a charge is levied on all
emissions. Either instrument can be imposed at the point of emission — at least, in the case of large sources of emissions — or, in the case of fossil
fuels, at upstream collection and transmission points in the fossil fuel importation, extraction, and processing system. Roughly 80 percent of
Canadian emissions are reasonably amenable to carbon pricing through either a cap-and-trade system or a carbon tax. Other emissions sources,
such as landfill waste gas, agricultural emissions, or venting in the upstream oil and gas industry, might require complementary policies, such as
direct regulation that mimics the carbon price or a mechanism to issue offset credits.
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Scenario

Business as Usual ~ Canada Acts Alone OECD Cooperates Globe Cooperates

(megatonnes (megatonnes (megatonnes (megatonnes
Sector of CO,) % change of CO,) %change of CO,) % change of CO,)
Household 39.6 -49 -19.3 -49 -19.2 -49 -19.2
Commercial and institutional 40.6 -32 -13.0 -32 -13.0 -32 -13.0
Landfill waste 30.5 -84 -25.7 -84 -25.7 -84 -25.7

« personal transportation (a reduction of about 24
megatonnes), as with freight transportation,
mainly through efficiency (hybridization,
resizing of vehicles), alternative fuels, and mode

scenario, the greatest emissions reductions come in
the following sectors:

« petroleum crude extraction (a reduction of

about 80 to 85 megatonnes), mainly through
reductions in output, reduced well venting, and
the use of carbon capture and storage at new
oil sands facilities;

« freight transportation (a reduction of about 53
megatonnes), mainly through efficiency
(hybridization, resizing of vehicles), the use of
alternative fuels, and mode switching;

« areduction in landfill waste gas (of about 26
megatonnes), through capping, flaring, and
cogeneration, as appropriate;

switching;

residential and commercial buildings (a
reduction of about 32 megatonnes), mainly
through insulation and furnace efficiency, the
use of ground and air source heat pumps, and
fuel-switching to electricity; and

natural gas extraction and processing (a
reduction of about 15 to 20 megatonnes),
mainly through reductions in output and the
capture and storage of formation CO..
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In most sectors, the results do not change by more
than 1 percent, or by 0.1 megatonnes, amongst any
of the scenarios of international cooperation. The
most obvious exceptions are the chemical products,
industrial minerals (cement and lime production),
mineral mining, pulp and paper, and other manu-
facturing sectors. In our analysis, chemical products,
especially industrial minerals, are affected the most
because of their fixed-process GHG emissions, high
energy intensity, and the propensity of domestic and
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other traded sectors in that the market price for these
commaodities is generally greater than the marginal
cost of producing them — the difference is known as
“economic rents,” in the form of provincial royalties
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trading sectors face a competitive market envi-
ronment.
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variables, we find that tariffs on imports would be
detrimental to overall economic output, volume of
trade, and would diminish the GHG reductions
relative to an absence of border tax adjustments (see
Table 4).% The application of rebates on exports, on
the other hand, could reduce slightly the economic
cost of the policy, but it would also weaken its envi-
ronmental effectiveness by around 4 percentage
points from what would be obtained from a pure
carbon price.

The theoretical economic rationale for border tax
adjustments in a world with sub-global carbon-
pricing policy is reasonably clear, but there would be
significant potential legal and technical constraints.
Moreover, given the significant momentum toward
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(the industries in the top right-hand corner of
Figure 3), while industries with low trade exposure
and little expected increase in costs from carbon
pricing would have to purchase carbon permits
from governments (Reinaud 2008). Temporary free
allocation of emissions permits based on universally
applied rules of expected cost and trade exposure
could be studied further to determine their effect on
emissions and the economy.

The Effect on Global Emissions Levels

That Canadian emissions of GHGs would fall dra-
matically (on the order of one-third) as a result of
tough carbon pricing is no surprise. But that is not
the end of the story if Canada acts alone to reduce
emissions. Dealing with global climate change
means not just reducing Canadian emissions, but
world emissions. The emissions embedded in goods
produced by Canada’s trading partners for con-
sumption in Canada must also be considered when
examining the total carbon footprint of Canadian
consumption, as must the emissions attributable to
Canadian goods that are exported and consumed
elsewhere. If goods produced in Canada for export
are manufactured with lower GHG emissions than
are foreign-produced goods, then scaling back pro-
duction only in Canada might reduce overall
emissions by less than anticipated. Recent economic
modelling suggests that around one-quarter of the
reduction in Canadian emissions from energy-
intensive industries could be offset by higher
emissions in non-regulated countries (Béhringer
and Rutherford 2008). This leakage is potentially
highest in such emissions-intensive industries as oil
and gas, cement, iron and steel, non-metallic
minerals, and chemicals.10

How can one estimate the change in global
emissions if Canada alone were to implement a
carbon price? Unfortunately, the general equilibrium
model used in our analysis does not differentiate
imports and exports by country of origin or des-
tination, but it does tell us what changes are
expected in the level of exports and imports of each
commaodity. We link the change in commodity
groups used in the general equilibrium model to the
OECD bilateral trade database based on the closest
commodity classification.11 We assumed that the
share of each commaodity imported and exported by
country is the same before and after the intro-
duction of a carbon price. For example, if 60
percent of Canada’s imports in the transportation
industry originated in the United States before the
introduction of the carbon tax, this will be
unchanged in the scenario with a carbon tax.
However, this is likely to underestimate the extent
to which foreign emissions increase in response to a
Canadian carbon tax because the high level of
aggregation cannot capture the likelihood that the
most carbon-intensive production within each
industry category is the most likely to be moved
from Canada and produced elsewhere.

We assume that, when Canadian exports change
due to a carbon price, foreign consumption stays the
same, since foreign consumers simply will find a
new source for the goods. We also assume that the
difference is made up entirely from production in
the destination country (see Table 5). We then
combine this with the change in emissions from
Canadas new profile of imported goods, where
changes in emissions are calculated by replacing
Canadian production with foreign production. The
difference in emissions associated with a given good
when produced abroad (Table 5, column 1) as
opposed to its being produced in Canada (column

10 See Fischer and Fox (2004); Demailly and Quirion (2006); Carbon Trust (2007); and Quiroga, Sterner, and Persson (2007) for a review of the lit-

erature on emissions exporting.

11 The industries in the general equilibrium model and their counterparts in the related OECD Structural Analysis Database (in parentheses) are as
follows: agriculture (agriculture/forestry); oil, gas, and coal (mining and quarrying); other mining (nonmetallic minerals); other manufacturing
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2) is the net change in global emissions (column 3).
A negative net change in Table 5 is due to Canada
importing goods produced less carbon intensively
than if they were produced in Canada, while an
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research on specific industry leakage rates, rather
than the overall perspective reported here, should be
undertaken before any policies meant to address
leakage concerns are implemented.

The 13.8 megatonne increase in emissions
elsewhere in the world if Canada were to act alone
(see Table 5) is equivalent to an increase of 6 to 7
percent in total Canadian business-as-usual emissions.
The reduction in Canadian emissions would be
around 33 percent relative to the business-as-usual
scenario. In short, for every tonne of reduced
Canadian emissions, there would be an increase in
foreign emissions of around one-fifth of a tonne.

The majority of emissions from Canadian
exported goods are from those destined for the
United States (Table 6). If Canada were to reduce
exports to that country, the goods that would be
produced in the United States instead would result
in higher emissions than if they were manufactured
in Canada because most Canadian manufacturing
industries are less carbon intensive than their US
equivalents. On the other hand, increasing imports
from the rest of Canada’s major trading partners in
Europe and Asia would lead to a reduction in net
global emissions, since the goods that Canada
imports from those countries are produced less
carbon intensively there. Large developing countries
such as China, India, and Russia have more carbon-
intensive production than Canada has, but
emissions leakage to these countries is expected to
be miniscule for two reasons. First, the amount of
trade between Canada and the developing world is
small in comparison with Canada’s trade with
developed countries that are likely to cap emissions.
Second, the goods that Canada trades with
developed countries are generally low-carbon-
intensity goods that are insensitive to carbon
pricing.

The concern that Canadian emissions would be
displaced to developing countries that lack tough
carbon policies is largely unfounded. Fischer and
Fox (2007) and Fischer (2008) come to a similar
conclusion that leakage from Canada would be pre-
dominantly due to trade with the United States.
Fischer (2008) finds that a full border tax
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The logarithmic mean Divisia index (LMDI)
method used in this Commentary is explained in
further detail in Ang (2005) and Bataille et al.
(2007). The LMDI decomposes a difference, V,
in emissions per unit of output in a given industry
between regions C and M, where

, X is fuel
mix, energy intensity, or emissions per unit of
fuel, and each component of every fuel and
related emissions, i, is

Emissions per dollar of value added from
Canadian industries are compared to the average
of comparable industries from the other G7
countries (United States, United Kingdom, Italy,
Germany, France, and Japan) as well as South
Korea and Mexico. This prevents any one country
from disproportionately influencing average
emissions. In view of the lack of OECD data
from 2002 and 2003 for Canadian industries —
and an economic slowdown in 2001 — emissions
per unit of output are from 2000, the most
directly comparable year for country-by-country
emissions.

All figures use millions of 2000 US dollars.
International and Canadian data are from the
OECD Structural Analysis Database and from
International Energy Agency (IEA) energy
balances and statistics tables, while supplementary
Canadian statistics are from the Canadian
Industrial Energy End-Use Data and Analysis
Centre at the School of Resource and
Environmental Management, Simon Fraser
University. Missing data, however, required us to
ignore the following industries in select countries:
machinery and wood and wood products in
Mexico; wood and wood products, transport



1. A base-case forecast of each sector’s physical
output initiates model runs.

2. In each time period, some portion of the
existing capital stock is retired according to
stock lifespan data.

3. Retrofits and prospective technologies compete
for new capital stock requirements to replace
retired capital stock based on financial consid-
erations (capital costs, operating costs),
technological considerations (fuel con-
sumption, lifespan), and consumer preferences
(perception of risk, status, comfort) as revealed
by behavioural-preference research.

4. The model iterates between its macro-economy;,
energy supply, and energy demand modules in
each time period until a balance has been
achieved between energy and goods and
services supply and demand.

The key market-share competition in CIMS can
be modified depending on evidence about factors
that influence technology choices. The financial
costs of new technologies can decline as a function
of market penetration, reflecting economies of
learning and scale, lower technology risks and

growing familiarity with a new innovation.

CIMS simulations reflect the energy, economic
and physical output, GHG emissions, and CAC
emissions for the following sectors: residences,
commercial and institutional buildings, personal
and freight transportation, industry (chemicals,
metal smelting, industrial minerals, pulp and
paper, iron and steel, metals and mineral mining,
and other manufacturing), energy supply (elec-
tricity generation, petroleum refining, petroleum
crude extraction, natural gas extraction and pro-
cessing, and coal mining), agriculture and waste.
CIMS does not include adipic and nitric acid,
solvents, hydrofluorocarbon emissions, or non-
agricultural land use change.

CIMS was recently recalibrated to reflect
Environment Canada’s National Inventory Report:
Greenhouse Gas Sources and Sinks in Canada 1990-
2006, as well as the department’s online Criteria
Air Contaminant Emissions Summaries: 1990-
2015. We also updated the values from Canadas
Energy Outlook 2006 (CEO 2006),
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and emissions data for 2005 from Natural
Resources Canada’s Comprehensive Energy Use
Database and Statistics Canada’s Report on Energy
Supply and Demand. For further information on
CIMS, see Jaccard et al. (2003); Rivers and
Jaccard (2005); and Bataille et al. (2006).

K

DGEEM (Dynamic General Equilibrium
Emissions Model) is a multi-sector, open-
economy dynamic computable general
equilibrium model of the Canadian economy.

In the model, a representative consumer is the
owner of the primary factors of production
(labour and capital). The consumer rents these
factors to producers, who combine them with
intermediate inputs to create commodities.
These commodities can be sold to other
producers (as intermediate inputs), to final
consumers, or to the rest of the world as exports.
Commodities can also be imported from the rest
of the world. Since DGEEM is a small open-
economy model, Canada is assumed to be a price
taker for internationally traded goods. The key
economic flows in DGEEM are captured
schematically in Figure A-1. DGEEM assumes
that all markets clear — in other words, that prices
adjust until supply equals demand. All markets are
assumed to be perfectly competitive, such that
producers never make excess profits and that
supply equals demand. Likewise, factors of pro-

duction are completely employed, so that there is
no involuntary unemployment and no non-pro-
ductive capital.

The version of DGEEM used in this project
adopts a dynamic framework, which simulates
labour force growth and capital formation over
time. Consumers are assumed to maximize utility
over multiple time periods by choosing an
appropriate rate of investment and consumption
in each time period. Under this approach,
investment is directly influenced by changes in
policy. Changes in investment cause changes in
the level of capital stock that firms can employ,
which influences overall economic growth and
other variables. Like most computable general
equilibrium models, DGEEM imposes the
restriction of constant returns to scale on
producers to make the model more tractable.
Likewise, it imposes the assumption that
consumer preferences are homothetic.

The data underlying the model are derived
primarily from Statistics Canada’s System of
National Accounts. The benchmark year for the
model is 2010, extrapolated from 2000-04 data.
Energy consumption is disaggregated using data
from the CIMS model and from the Natural
Resources Canada publication, Canadas Energy
Outlook: The Reference Case to 2006. DGEEM is
implemented in the General Algebraic Modeling
System, using the MPS/GE substructure. For
more information on DGEEM, see Rivers (2008)
and Rivers and Sawyer (2008).
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