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Introduction 

With its ratification of the Kyoto Protocol in 2002, the federal governrnent of 
Canada has indicated its commitment to reducing greenhouse gas (GHG) emis
sions to 6 % below 1990 levels by the frrst commitment period of 2008-2012 
(Goverrunent of Canada 2003). The Protocol encourages Canada to use a wide 
array of market and non-market instruments to meet their target. Provincial gov
errunents have been asked to work with the federal governrnent to implement this 
Protocol. To encourage participation amongst the provinces, the federal go vern
ment has made a commitment that no region should be'ar an unusuaJly high share 
of economic costs (CI CS 1997). 

In April 2002, the federal governrnent released its white paper entitled: A 

Discussion Paper on Canada 's Contribution to Addressing Cfimate Change 
(Goverrunent of Canada 2002b). In this white paper, the governrnent states that 
the most efficient policy option to achieving its Kyoto commitment, namely the 
Broad-as-Practical policy option, would yield disproportionate burdens of eco
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nomic costs to the energy-producing provinces, and in particular Alberta. Soon 
after the release ofthe report, the Alberta government undertook strong opposition 
to the federal government's cornmitment to Kyoto. 

Consequently, as AlbeFta's opposition to Kyoto intensified, the federal gov
errunent began developing alternative policy options in attempts to provide more 
regional equity. In November 2002, the federal government issued its most recent 
Kyoto policy paper entitled: A Climate Change Plan/or Canada (Government of 
Canada 2002a). In this climate change plan paper, the federal government unveiled 
its Reference-Package policy option, under which it claims that a reasonably equal 
sharing of economic costs across provinces is achieved. The results from this 
recent federal policy paper reveals that provincial equity would be improved upon 
at significantly higher overall economic costs for most regions. Thus, an efftciency 
vs. equity trade-off seems to have emerged. 

Our paper describes the aforementioned federal government policy options, 
and discusses the economic implications of each at the provinciallevel. We find 
that, contrary to the recent federal forecasts, most provinces will benefit from 
either policy option and will gain most under the Reference-Package option. 
Moreover, the Reference-Package option may prove to be comparable to the most 
economical solution for Canada as a whole. The reason why our conclusions differ 
from federal accounts is due to the different methodologies employed in assessing 
economic impacts. While the federal govemment has used undiscounted changes 
in provincial GDP as their measure ofeconomic impacts, we use a full net present 

value framework. 
Our full net present value framework for evaluating Canadian GHG policies 

differs from the GDP impact analysis used by the federal government in three 
ways. First, we account for investment, fuel and permit cost changes in addition 
to GDP changes. Second, we introduce indirect or ancillary benefits. And third, we 
incorporate a discount rate on ail future benefits and costs. We contend that this 
latter framework is a more appropriate method for assessing the true economic 
impacts from GHG policy options as it falls more closely in line with economic 

theory.
In the following section, we review the federal governrnent's business-as

usual (BAU) GHG emission projections by province and discuss Canada's com
mitment to achieving its national Kyoto targe!. Then, we detail the two main 
policy options as presented by the federal government - the Broad-as-Practical and 
Reference-Package options. This is followed by a comparison of these policy 
options as they pertain to provincial economic impacts as defmed first from the 
federal government's perspective, and then from our full net present value frame
work. Finally, we offer sorne conclusions. 
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FIGURE 1 BAU GHG Emission Projections by Region ill Canada (1990-2020) 
Source: Government of Canada (2001) 

Projections, Gaps and Targets 

The federal government has released a number ofupdated GHG emission projec
tions over the past few years, reflecting in part the changing economic climate that 
Canada is expected to face in the near future.' The projections are based on 
provincial-Ievel analysis, and then rolled-up to produce an aggregate trend. Figure 
1portrays long-term emissions growth projections on a provincial basis, within the 
context of the BAU scenari0 2 The information is organized to indicate, for each 
region, the expected percentage growth in GHG emissions in 2000, 2010, and 
2020, relative to the 1990 level. 

Severa! points are worth noting in Figure 1. First, in 1990-2000, GHG emis
sions growth was greater than the national average in Saskatchewan, Albel1a and 
British Columbia. These increases were associated with the resource boom in the 
West and, in the case of British Columbia, population increases. Second, in 2000
2010, growth in emissions is projected to be fairly evenly distributed across 
provinces, with Ontario and British Columbia recording above average increases. 

1.	 Projections are based on a three-step procedure. First, the major framework procedures are 
defined (including assumptions aboul energy prices, the US economy and energy market, 
Canadian macroeconomic performance and demographics, and current policies). Second, a 
modeling structure that combines econometric, end-use, and process techniques is then used ta 
project energy demand, supply and associated emissions (ofwhich CO2 figures predominantly). 
Lastly, results are shared with stakeholders and revised if commellts are found logical and 
consistent (Government of Canada 2001). 

2.	 These regional projections, provided by Government of Canada (2001), have changed slighlly 
since this province-Ievel report. However, more recent data was not available la the public at the 
time of writing this paper. 
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FIGURE 2 Canada's GHG Projections and Kyoto T'lI'get 
Source: A1\1lG (2002) 

For Ontario, the major reasons for the increases are the greater use of natural gas 
and coal for electricity generation. Aiso in this period, Alberta and Saskatchewan's 
emissions groVith are expected to slow largely as a result of the increasing effec
tiveness of the oil and gas industry initiatives to constrain emissions (Government 
of Canada 2001). 

The most recent federal projections for provincial BAU GHG emissions in 
2010 are 14 million tons (Mt) in Newfoundland, 2 Mt in PEI, 21 Mt in Nova 
Scotia, 23 Mt in New Brunswick, 99 Mt in Quebec, 215 Mt in Ontario, 26 Mt in 
Manitoba, 69 Mt in Saskatchewan, 260 Mt in Alberta, 74 Mt in British Columbia, 
and 3 Mt in the NWTlYukon, and Nunavut region. Rolled-up, this produces 
approximately 809 Mt of GHG emissions in Canada (Analysis and Modeling 
Group 2002; National Climate Change Process 2002). Overall, a 'gap' of238 Mt. 
(or a 29 % difference) exists between the BAU GHG projections and Canada's 
commitment under the Kyoto Protocol 3 Figure 2 presents the BAU scenario along 
with the required emission reductions to meet the Kyoto Protocol. 

3.	 The GHG emissioll "Gap' accounts for the 1995 National Action Program On Climate Change 
(NAPCC) plan. This initiative includes various government-Ievel "leading-by-example' policies 
and a private sector component called the Voluntary Challenge and Reglstry Inc. (VRC) program. 
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TABLE l Major Differences Between the 'Broad-as-Practical' and 'Reference-Package' Policy 
Options 

Broad-as-Practical Option	 Reference-Package Option 

Permits auctioned and revenues re-distributed Permits aJJocated freely to polluters.
 
to consumers through income-tax reduclions
 

Perm it system covers approximately 80 % of Permit system covers about 40 % of
 
emissions from a wide range of industrial sec
 emissions from large final emitters
 
tors.
 

Permit System expected to deliver a significant Permit system expected to deliver a mod
reduction in Canadian emissions. est reduction in Canadian emissions. 

Permit system provides as much emission re Permit system plays a much smaller role 
ductions as other instruments such as subsidies th an other instruments in contributing to 
and voluntary actions. emission reductions. 

Thought to be the low cost scenario in aggre Thought to be the high cost scenario in
 
gate, but leads tO greater inequity betweenju
 aggregate, but leads to more equity be

risdictions. t\veen j urisd ictions.
 

The Climate Change PoHey Context 

The federal government has developed a number ofpolicy options directed toward 
achieving their Kyoto commitment. 4 The Broad-as-Practical and Reference-Pack
age options, often referred to in government documents as the least cost and mos! 
preferred, respectively, are compared in Table 1and are described in detail below. 

Within the Broad-as-Practical option, a diverse set ofpolicies and instruments 
would be used to achieve the desired 240 Mt GHG emission reductions (Govern
ment of Canada 2002b). Specifically, the following instruments (and associated 
emission reductions) would be employed: (i) Action Plan 2000 and Budget 2001 
(50 Mt); (ii) existing sinks (24 Mt); (iii) a domestic emissions trading (DET) 
permit system with domestic redllctions (16 Mt) and international permit purchas
ing (128 Mt); and (iv) additional targeted rneasures (22 Mt). Additional1y, in order 
to manage risk, the government considers purchasing 0-30 Mt of international 
emissions permits under this policy option. 

The DET system in the Broad-as-Practical option is applied to most fossil fuel 
prodllcers and process emissions (covering about 80 % of total GHG emissions). 
Here, a given number of GHG permits (equaling 94 % of 1990 emissions plus a 
portion of the forest sink in 2010, 2015, and 2020) are auctioned and permit 
revenues are redistributed to consumers through the personal income tax system 

4.	 To date. rhere have not been any tinalized provincial or reglonallargels set 10 achieve the Kyoto 
PrOlOCO!. 
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(50 % federal and 50 % provincial).5 The allocation and re-distribution of permit 
revenues in this way is thought to be the most economically efficient since: (i) this 
follows the polluter-pays philosophy and does not provide excess profits to fossil 
fuel suppliers as might OCCllr if permits were distributed freely; and (ii) energy 
prices are expected to be driven upward causing undue hardships on consumers 
who need to be compensated; and most importantly, (iii) the double-dividend 
hypothesis of envirorunental taxation (and associated reduction in income taxes) 
will stimulate the economy (Goverrunent of Canada 2002b). 

The Reference-Package option also contains a number ofpolicy instruments
 
to achieve GHG emission reductions (Goverrunent of Canada 2002a). However,
 
this option is expected to achieve only 180 Mt emission reductions from the BAU
 
projection. The remaining 60 Mt gap would be left to voluntary initiatives, go vern

ment investments, and other such measures 6 The particular instruments promoted
 
to achieve the 180 Mt reduction include: (i) the previously announced Action Plan
 
2000, the 2001 Budget and existing carbon sinks (80 Mt); (ii) a domestic emis

sions trading (DET) system for the large industrial emitters (55 Mt); (iii) other
 
targeted measures (27 Mt); (iv) future carbon sinks (20-28 Mt); and (v) interna

tional emission permit purchases (l0 Mt minimum).
 

Within the DET system of the Reference-Package option, permits are allo
cated freely to a small group of industrial sectors (representing about 40 % of total 
emissions) in a way that reflects emission intensity, capacity to reduce emissions 
and fore cast BAU output (Goverrunent of Canada 2002a)7 More specifically, the 
goverrunent would allocate to each included, or covered, sector: (i) a permit-per
output that is a fixed (province-specific) fraction of its 1990 emission-per-output, 
and (ii) an additional number of permits in the sector as a whole as determined by 
a 'tripych formula' (AMG 2002). The triptych fonnula is based on a set of equa
tions reflecting various socio-economic factors in eachjurisdiction. These parame
ters include economic growth, fuel types and desired emission performance. 
Equations are applied to three sectoral categories including energy-intensive 
industries (where growth requirements are accounted for), electricity generation 
(where a given rate of emission reductions is assumed) and the domestic sector 
(where a given rate of convergence of emissions pel' capita is assumed). Separate 
equations are used for non-C02 gases from controllable process emissions, high 
emission growth sources and emission from which limited reduction options exist 

(AMG 2002). 

Uncovered sectors (covering 22 percent of total GHG emissions) are directly allocated 94 percent
5. 

oftheir 1990 emissions plus a portion of the forest sink in 2010,2015, and 2020. These sectors 
cannot (and will not need to) sell permits. lnstead, the government wOlild purchase international 

permits if needed.
ln the Climate Change Plan for Canada, it is not clear where the additional60-70 Mt ofemission 

6. 
reductions comes l'rom. It seems as though these reductions may rely heavily on the federal 
government's challenge to individual Canadians to voluntarily reduce GHG emissions "by an 
average of one ton per year by 2008-2012" (Government of Canada 2002a). 
ln particular, ail the emissions l'rom mining, iron and steel, pulp and paper, smelting, retining .. 

7 
industrial minerais, oil refining, pipelines, fossil-fuel electricity generation, and approximately 
70 percent of oil producers and 50 of natural gas prodllcers are included 
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TABLE 2 Provineially Foreeasted Changes in Real GDP under Broad-as-Practieal and
 
Reference-Package Options, Relative to BAU, at a $10 CO, Emission Permit Priee (2010-12
 
range)' 

Broad as Practical Reference Package Reference Package 
Region (% change) (% change) Preferred? 

(Col. 3 vs. 2) 
NF +0.1 -0.2 No 
PE -0.1 -0.4 No 
NS +0.3 -0.3 No 
NB -0.1 -02 No 
PQ +0.5 -0.2 No 
ON +0.6 0.1 No 
MA +0.3 -0.2 No 
SK -0 1 -0.4 No 
AB -0.5 -0.4 Yes 
BC +0.4 -0.5 No 
TER +0.5 0.0 No 
CANADA +0.4 -0.4 No 

Note 1. The range 2010-12 is specified due to the limited data provided by the Government 
of Canada (2002a,b). Specifically, the % change in GDP data l'rom the Broad-as
Practical option is provided for the year 2012, while that for the Reference-Package 
option is provided for the year 2010. 

Sources: Govemment of Canada (2002a,b). 

Economie Impact Analysis of GHG Policy Options 

Federal Government Forecasts of Provincial GDP Costs 
and GHG Reductions 

The federal goverrunent has published its 2012 and 2010 forecasts of provincial 
GDP under the Broad-as-Practical and Reference-Package options, respectively, 
at a likely $10 CO2 emission pemlit price. 8 Table 2 shows the comparison of the 
provincial burdens of economic cost for the Broad-as-Practical and Reference
Package options, relative to the BAU scenario. 9 Note that the federal govemment 
uses percentage changes in real GDP from BAU, for the 2010/2012 year only, as 
their measure of economic impact. 

As can be seen from Table 2, the burden of GDP impacts tend to be more 
evenly shared across provinces under the Reference-Package option relative to the 
Broad-as-Practical option. Specifically, while Alberta is the relative loser under 
the Broad-as-Practical option, almost ail provinces share in the losses LInder the 

8.	 Il is not clear why the government chose to change the date ofanalysis l'rom 2012 10 2010 when 
analyzing these IWO scenarios. 

9	 Under the Reference-Package option, the government specities a government-finance scenario 
whereby federal Kyoto initiatives are tinanced out of forgone future budget surpluses, and a tax
tinanced scenario whereby such spending comes from increased taxes. We present here only the 
former scenario since, as the government stresses, the government-finance scenario yields lower 
economic costs, because of the negative impacts l'rom higher tax rates, and is therefore the more 
likely scenario 
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TABLE 3 Provincially Forecasted Changes in GHG Emissions under Broad-as-Practical and
 
Reference-Package Options, Relative to BAU, al a $10 CO, Emission Permit Priee (2010-12
 
range)'-' 

Region Broad-as-Practical Reference-Package (Mt chan
(Mt changeJ gel 

NF ~ ~.5 

PE ~.l 43 
NS -1.9 -/8 
NB -3.7 -21 
PQ -136 -15.5 
ON -30.5 -31.2 
MA 4.2 ~.l 

SK -6.9 -15.9 
AB -258 -32.5 
BC -III -12.5 
TERR -4.5 -45 
SUBTOTAL -1042 -1258 
[NTL. PERMITS 

- Governmenl -47.3 
- Industry -128 

CANADA -232.2 -178.2 

Note:	 1. The range 2010-12 is specified due to the limited data provided by the Government 
of Canada (2002a,b). Specifically, emission data for the Broad-as-Practical option is 
provided for the year 2012, while that for the Reference-Package option is provided tor 
the year 2010. 
2. Provincial emission reductions include agricultural and forestry sink allowances. 

Sources: Government of Canada (2002a,b). 

Reference Package option. This move toward provincial equity, however, entails 
a significant efficiency cost. Specifically, moving !Tom Broad-as-Practical to the 
Reference-Package options entails a significant loss in GDP for IllOSt provinces. 
Overall, at the national leveJ, GDP impacts change from +0.4 % in the former case 
to -OA % in the latter case. IO Associated with this is the finding that ail provinces 
(with the exception of Alberta) would favour the former option over the latter on 
grounds of2010/2012 GDP impacts. 

The estirnated changes in GHG emissions that result from each option are 
revealed in Table 3. Here, we incorporate an allocation for provincial carbon 
'sinks' (where forests and agricultural lands sequester carbon and thereby offset 
GHG ernissions). These allocations, which have not yet been determined by the 
federal governrnent, are computed as follows. From the Governrnent of Canada 
(2002a) and other unpublished documents, we established that national' forestry 
sink' and 'agricultural sink' allowances were projected at 20 and 14.1 Mt, respec
tively, over the 1990-2020 period. We used the total inventoried forest area (pro
ductive and unproductive) and agricultural land to allocate the associated forestry 
and agricultural sinks across provinces. These data, in thousands of square kilo
metres, were made avaiJable from Statistics Canada (2000). The resulting sink 

10.	 Posilive GDP impacts in the Broad-as-Praclical scenario are largely due to the redistribution and 
spending of revenues generated trom permit auctioning. 
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allocations were then added to the provincial non-sink reductions to arrive at the 
total provincial reductions as they appear in Table 3. 

The reductions in provincial GHG emissions shown in Table 3 are smaller 
under the Broad-as-Practical option when compared to the Reference-Package 
option. This is due to the relatively large use of international emissions permits by 
industrial ernitters in the former option. Specifically, under this option, industry 
would opt to purchase a large nurnber ofinternational permits because it is cheaper 
than finding the required ernissions reductions in the domestic market. Thus, 
although the former option is thought to be more efficient, it may lead to less 
pollution reductions at home, and thereby produce fewer ancillary benefits (as 
discussed in more detaiJ later). 

Comparing Tables 2 and 3, it is observed that sorne provinces experience 
large GHG ernission reductions at relatively high GDP costs, whereas other 
provinces achieve equal reductions at relatively low costs. Additionally, as we 
move from the Broad-as-Practical to the Reference-Package option, most prov
inces experience larger GHG emission reductions at higher costs. These observa
tions emphasize the important role that international permits play in the outcomes, 
and	 the complexities involved in assessing trade-offs amongst economic effi
ciency, regional equity and pollution reduction components. 

Ali together, the above analysis might lead one to conclude that most prov
inces would not support the Reference-Package option as it results in higher GDP 
costs and marginal reductions in provincial equity considerations. However, we 
argue below that GDP costs are not the only factors that should be considered 
when evaluating the economic impacts of Kyoto poJicy options. 1ndeed, there are 
many other costs and benefits that need to be considered before we can reach any 
conclusions. 

A Full Net Present Value Framework for 
Provincial Economie Impacts: 

According to economic theory, the most appropriate economic impact assessment 
of a regulatory policy is through a full net present value framework (see, for 
instance, Field and OlewiJer 2002). Such analysis allows for a complete under
standing of the full implications of a policy, taking account of the time value of 
money in aH future market and non-market costs and benefits. With regard to costs 
in the current context, an unpublished government document, produced by Kanu
dia and Loulou (2002), uses the MARKAL modeJ to calculate present value (PY) 
industrial output, investment, fuel, permit and total cost estimates over the 2000-20 
period. Il The discount rate employed for these calculations is unknown; however, 

J J	 The Analysis and Modelling Group (AMG) of the Climate Change Secretariat has been using IwO 

different economic models to analyze various energy market scenarios by industry sector and by 
province: the Energy 2020 model and the MARKAL mode!. The models, as described in AMG 
(2002), share man)' similarities. However, the MARKAL model has a more delailed depiction 
of energy technologies and cost minimization strategies. In particular the MARKAl. model 
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TABLE 4 Present Value (PV) Costs under Broad-as-Practical and Reference Package Options, 
Relative to BAU, at a $10 CO, Emission Permit Price (2000-20) 

$IO/ton CO, Permit Price 

,Broad-as-Practi ,Reference-Pack-
Region cal' ($M PV) age' Reference Package Preferred? 

($M PV) (Col 3 vs. 2) 
NF -242 -489 Yes 
PE -43 -66 Yes 
NB -392 -493 Yes 
NS 107 -239 Yes 
PQ -2909 -3786 Yes 
ON -5527 -5183 No 
MA -724 -1875 Yes 
SK -678 -112 No 
ALB 6793 5287 Yes 
BC 1654 893 Yes 
TERR 115 -40 Yes 
Non-Cov 773 4191 No 
CANADA -1074 -1911 Yes 

Source: Adapted from Kanudia and Loulou (2002) 

it is standard practice to assume 10 % (see Field and Olewiler 2002). 
The total PV cost estimates produced by Kanudia and Loulou (2002) for both 

options are summarized in Table 4. As shown at the bottom of the table, Canada 
as a whole receives -$1074 and -$1911 in present value costs under the Broad-as
Practical and Reference Package options, respectively. [n other words, the net 
changes to industrial output, investment, fuel and permit costs from both policies 
result in cost savings for Canada. Looking at disaggregated costs (not shown here 
for the sake ofspace considerations) it is revealed that, while both policy options 
entai! positive permit costs ($6.1 billion for the Broad-as-Practical option and $7.1 
billion for the Reference option), they also result in considerable fuel savings 
($11.9 billion for the Broad-as-Practical option and $10.5 billion for the Reference 
option). [t is these savings that play the largest role in producing favourable results 
at the national level. 

Focussing for the moment on the Broad-as-Practical option in Table 4, results 
show a large variation in provincial PV economic costs. Under this option, Alberta 
and British Columbia experience relatively high total costs, at +$6.8 and +$] .7 
billion, respectively. Quebec and Ontario, on the other hand, experience negative 
PV total costs, at -$2.9 and -$5.5 billion, respectively. Other provincial impacts 
range between these two extremes. 

Kanudia and Loulou (2002) show that the large variation in provincial PV 

computes a regional equilibrium based on the long-run, least total costs for the entire system. Il 
assumes that the markets are fùlly competitive. It also assumes that: (i) ail agents have perfect
information over the model horizon of 40 years; (ii) each agent adopts the long-term view to 
oprimize its financial cost: (iii) ail agents use the sa me discount rate; and (iv) electricity is priced 
using marginal costs in a competitive environment. For a more complete description of the 
MARKAL model, see Jaccard et al (2002). 

CLlMATE CHAi\JGE PLANS FOR CANADA Il 

economic costs under the Broad-as-Practical option emanate in part from highly 
unequaJ industrial output costs. Such costs range from a high ofapproximately +$5 
billion in Alberta and Ontario to a low of -$0.3 billion in New Brunswick and 
Newfoundland. Such an inequality is also realized for permit costs (where a high 
of +$3 billion in Alberta and a low of -$0.07 billion in Manitoba is realized), 
investment costs (where a high of +$0.4 billion New Brunswick and a low of over 
-$4 billion in Quebec is realized) and fuel costs (where a high of +$0. 7 billion in 
Alberta and a low of over -$9 billion in Ontario is realized). 

Moving from the Broad-as-Practical option to the Reference-Package option, 
Kanudia and Loulou (2002) show that industrial output cost variation between 
provinces is reduced. The high industrial output costs borne by Alberta in the 
former option, for instance, are significantly reduced in the Reference-Package 
option to +$1.7 billion. Additionally, other regions such as Quebec, Ontario and 
a number ofAtlantic Provinces have negative industrial output costs. These results 
largely emanate from the federal government taking on more of the costs through 
the purchase of permits in the non-covered sectors. Specifically, non-covered 
sector pennit costs (taken on by government purchases) increase over +$3.5 billion 
moving from the former to the latter option. 

There are also significant cost variation reductions for investment and fuel 
costs moving from the Broad-as-Practical to the Reference-Package option. How
ever, within this context, Kanudia and Loulou (2002) reveal that there is a dra
matic investment switch from benefits to costs for many regions. This factor plays 
a significant role in affecting the changes in total costs moving from the former to 
the latter option. 

Overall, when moving from the Broad-as-Practical to the Reference-Package 
option, Table 4 reveals that total PV costs tend to be reduced for provinces bearing 
large burdens under the former option. Specifically, under the latter option Alberta 
and British Columbia experience a reduction in total PV costs to +$5.3 and +$0.9 
billion, respectively. Other provinces, including Quebec, Manitoba and most of 
Atlantic Canada, experience increased negative PV costs. While others yet experi
ence decreased negative total PV costs. Overall, the Reference-Package option 
seems to go some way in reducing the Kyoto burden, relative to the Business-as
Usual option, and would be favoured by most provinces under the PV cost criteria. 
Additionally, this option has the added attraction of increasing negative PV costs 
(benefits) for Canada as a whole. 

The total PV cost results discussed above, however, still point to serious 
regional inequity, and much more so than the federal government has indicated 
through their percentage change analysis of GOP. As such, it is expected that 
provinces such as Alberta will continue to daim that the Reference-Package option 
is unfair, as some provinces will still experience greater economic burdens (in 
tenns of total PV costs) than others. 

Turning now to the benefits-side of the GHG policy issue, recent academic 
and govenunent literature have repolied a number of ancillary benefits that may 
result from reducing CO2 emissions under GHG policies (OECD 2002; AMG 
2000). These include benefits under the categories of health benefits, ecological 
pressure reductions, economic benefits and social benefits. These benefits are 
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TABLE 5 Potential Ancillary Benelits from GHG Mitigation 

Category Ancillarv Benefit Description 
Reduced mortality Reductions in associated local emissions (i.e. SO" 

Improved 
Health 

NO" Lead, and particulate matter) reduce prema
ture death. 

Benefi15 Reduced morbidity Reductions in associated local emissions reduce 
chronic illness, lost days of activity, allergies, etc. 

Reduced waste residuals As energy production and intensity of use de
creases, less handling and disposing of waste re
sults. 

Reduced 
Ecosystem 
Pressure 

Reduced physical restruc
turÎng 

Reduction in GHG emissions reduce c1imactic in
stability and reduce management of biological car
bon reservoirs. 

Increased harvesting of Reduction in associared local emissions (i.e. NO,) 
food sources reduce chemicalloadings to water/soil ecosystems. 

Reduced Material Dam Reduction in associated local el11issions (i.e. SO,) 
ages reduce structural maintenance costs. 

Increased 
Economic 
Benefits 

Increased jobs in some 
sectors 

TechnologicaJ advances 

Cbanges in fuel uses bave potential to increase jobs 
in the provision of low emissions technologies. 

As new processes and technologies are imple
mented, it may increase~d~c~iv.e efticiency. 

Avoided cost reductions Cost savings for other objectives (health, ecologi
cal, social, etc) may be achieved from GHG policy. 

Increased safety and re As incentives lor altemative transportation are in

Social Ben duced congestion troduced in GHG policy, accidents are reduced. 

efits Increased equity GHG policy may improve intra and inter-genera
tional equity as polluters pay. 

Source: Adapted from OECD (2002) 

detailed in Table 5. 
Numerous case studies have been conducted that estimate the extent of the 

ancillary benefits described in Table 5 for particular regions under GHG reduction 
policies. The focus of attention has typically been on the benefits associated with 
reduced air and/or water pollutants from the policy. The methods employed often 
include: (i) the calibration of a general or partial equilibrium model of the econ
omy wherein primary emissions ofstandard pollutants are defined; (ii) the intro
duction of a particular policy (for instance a tax or marketable permit) to reduce 
GHG gas emissions; and (iii) the use ofprevious non-market valuation studies to 
provide estimates for the marginal benefit of reduced pollutants. '2 Some analyses 

12.	 One of the most widely used non-market valuation techniques is the dose-response method 
(relating pollution emissions to morbidity and/or mortality), llsed in conjunction with an 
assessment of the value oflost working days and/or the value o1'a hlll11an life (OECD 2002) 
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TABLE 6 Summary of Scctor-wide Ancillary Benefit Estimates from GHG Reductions 

Ancillary Bene
Study Region Benefits Measured fit $ per ton CO, 

($1996 US) 

Germany Health and visibility effects $312Ayres and Walter (1991) 
US of ail criteria pollutants. $165 

UK $125-$282
Health, accidents, congesBarker (1993) US	 $332tion.Norway $254-$386 

Health and visibility effects 
Boyd et al. (1995) US	 $40

of ail criteria pollutants. 

Heaith and ecological ef-Cifuentes et al. (1999) Chile	 $20-$70
fects of six air pollutants. 

Heaith and ecological ef-Dessus and O'Connor (1999) Chile	 $150-$300
fects of seven air pollutants. 

Synthesis of previous stud-
Elkins (1996) Various	 $273

ies.
 

Integration of models mea-

Lutter and Shogren (1999) US suring a diverse set of bene- $300
 

fits.
 

Health effects of six air pol-

Sheraga and Leary (1993) US	 $33lutants. 

Health effects of ail criteria
Viscusi et al. (1994) US	 $88Dollutants. 

of these benefits indicate that health effects account for upwards of 70% of the 
total value of ancillary benefits (Aunan et al 2000). Table 6 summarizes various 
studies that estimate sector-wide ancillary benefits from GHG reductions. 

The ancillary benefits emerging from the studies summarized in Table 6 range 
from $20 to over $300 ($1996 US) pel' ton ofC02 emissions reduced, depending 
on a number of assumptions over: (i) the type of GHG policy considered (e.g. 
taxes and permits); (ii) the region Linder consideration; (iii) the economic, environ
mental, and health-effectmodeling; and (iv) the valuation techniques used. Studies 
that focus on health effects alone tend to produce ancillary benefits estimates in 
the $20-$70 range", while those that focus on a wider array of benefits tend to 
produce estimates in the $125 to $300 range. 

In our analysis, we are concerned with a wide array ofbenefits, and therefore 
consider conducting our analysis using benefit estimates in the range of $125 to 
$300 pel' ton CO2 emissions reduced. 14 For completeness, and due to the fact that 

13.	 The federal government's Analysis and Modelling Group tor the National Climate Change 
Process in Canada llas estimated ancillary health bene fits in the range of $11 to $17 per ton of 
CO, emissions reduced (AMG 2000). However, they emphasize that these estimJtês are only 
preliminary and do not account for ail health benefits. 

14.	 lt is important to emphasize here that serious concerns !lave been raised at the federal level 
concerning the value attributed to these indirect benetits. As sucl1, more research in this area is 
needed. 
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TABLE 7 Present Value (PV) Ancillary Benefits Estimates under Broad-as-Practical and 
Reference-Package Options, Relative to BAU, at a $10 CO, Emission Permit Price (2000-20)' 

AJlcillary Benefils al $125 per Ion Ancillary Benefils al $300 per 
or CO, Emissions Reduced ton orco, Emissions Reduced 

Broad as Reference Pack- Broad as Reterence Pack-
Province Praclical age Practical age 

($M PV) ($M PV) ($M PV) ($M PV) 

NF 96.5 120.7 2317 289.6 

PE 4.8 14.5 Il.6 347 

NS 91.7 869 220.1 208.5 

NB 178.6 101.4 428.6 2432 

QP 6564 748.1 15753 17954 

ON 1472.0 1505.8 35328 36139 

MA 202.7 3427 4865 8224 

SK 3330 7674 799.2 18417 

AB 1245.2 1568.5 29884 37645 

BC 535.7 6033 1285.7 1447.9 

TERR 217.2 217.2 521.2 521.2 

CANADA 50338 6076.3 12081.1 14583 

NOIe: 1. A 10% discount raIe was used in Ihe calculalions. 

there has been no primary research conducted on the full range of ancillary bene
fits in Canada under the most recent policy options, we present our benefits 
estimates based on both a low ancillary benefits estimate of $125, and a high 
ancillary benefits estimate of $300. Each of these estimates is applied to the 
forecasted provincial emissions under the Broad-as-Practical and Reference
Package options, revealed in Table 3. 

When computing our bene fit estimates, we assume that aIl ancillary benefits 
under the Broad-as-Practical option occur in year 20 12 and under the Reference
Package option occur in year 2010 (for reasons mentioned previously in Table 3). 
We then discount these benefits accordingly using a 10 % discount rate. We also 
assume that GHG emissions remain at the respective 2010 or 20 12 level through
out the 20 10/12 to 2020 period. 15 The above assumptions will undervalue the true 
economic benefits since: (i) sorne have argued that a lower (or even no) discount 
rate should be employed, giving more equal weight to the values of future genera
tions (see Field and Olewiler 2002 for a discussion of discount rate choices); and 
(ii) GHG emission reductions will be distributed throughout the 2000 to 2010/12 
period. However, without fllrther infonnation about these inter-temporal distribu
tions, we choose to compute the most conservative measure. Table 7 pro vides a 
summary of provincial PV ancillary bene fit estimates From each policy option. 

As seen in Table 7, there are significant ancillary benefits From both c1imate 
change policy options. The benefits, however, are generally smaller for the 
Reference-Package option relative to the Broad-as-Practical option as a result of 
less domestic emission reductions in the laner case. 

15. There are no estilllateS ayailable for GHG emissions il1 2020 under both policy options. 
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TABLE 8 Total Net Present Value (NPV) under Broad-as-Practica/ and Reference-Package 
Ootions, Relative to BAU, at a $10 Emission Permit Priee (2000-20) 

Note: 

NPV wilh AJlcillary BenefilS al $125 NPV wilh Ancillary BenefilS al $300 
per ton of CO, Emissions Reduced per ton of CO, Emissions Reduced 

Proy
ince 

Broad-as-Prac
rical 

(SM NPV) 

Referenc 
e-Pack

age 
(SM 

Reference 
Package 

Preferred? 

Broad-as-
Praclical 

(SM NPV) 

Reference-
Package 

(SM NPV) 

Reference-
Package 

Prefen'ed? 

NPV) 

NFL 

PEI 

NS 
NB 

QUE 
ONT 
MAN 
SASK 

ALB 

338.5 
47.8 

4837 

716 
35654 
6999.0 
926.7 
1011.0 

-5547.8 

609.7 
80.5 

579.9 
3404 

4534.1 
6688.8 
22177 
8794 

Yes 

Yes 

Yes 
Yes 

Yes 
No 
Yes 
No 

473.7 

546 
612.1 

3216 
4484.3 
9059.8 
1210.5 

1477.2 

778.6 
100.7 
7015 
482.2 

5581.4 
87969 
2697.4 
1953.7 

Yes 
Yes 

Yes 
Yes 
Yes 
No 
Yes 
Yes 

BC 

TERR 

CANADA' 

-1118.3 

1022 

5334.8 

-3718.5 

-289.7 
257.2 

3796.3 

Yes 

Yes 
Yes 

No 

3804.6 

-3683 

4062 

12382. 
1 

-1522.5 

554.9 

561.2 

12303 

Yes 

Yes 

Yes 

No 
1. Inciudes non-coyered sector costs. 

The NPV estimates ofprovincial economic impacts From the Broad-as-Practi
cal and Reference-Package options can be computed by subtracting the PV total 
costs (i.n Table 4) From PV benefits (in Table 7), as shown in Table 8. Bere, it is 
revealed that, regardless of the option, many provinces experience benefits (posi
tive NPVs) in excess of +$1 billion From the GHG policy. Sorne regions stand to 
gain much more than this. For instance, Ontario may benefit i.n the $6 to $8 billion 
range, depending on the policy option and respective ancillary benefits. Overall, 
it is estimated that Canada as a whole could see benefits in the +$4 to +$12 billion 
range, depending on assumptions over ancillary benefits and policy option fol
lowed. 

Under the NPV criteria, the Reference-Package option has a number of 
desirable anributes relative to the Broad-as-Practical option. More specifically, the 
Reference-Package: (i) leads to a larger net present va"ILle for ail provinces but 
Ontario and Saskatchewan; (ii) reduces the burden for provinces in achieving the 
GHG objective (as emphasized in the $300 ancillary benefits case where Alberta's 
NPV is reduced to -$1.5 billion); and (iii) results in only marginal efficiency loss 
for Canada as a whole (as emphasized in the $300 ancillary benefits case). 

The results shown in Table 8 provide a very different picture of overall 
economic impacts From the federal accounts, shown in Table 2. Most obvious is 
in the' Reference-Package Preferred?' colum11S where most provinces have a 'Yes' 
in Table 8 and a 'No' in Table 2. Additionally, the Reference-Package option in 
Table 8 indicates that most provinces gain From the policy, whereas the opposite 
occurs for that in Table 2. These resllits are largely due to the inclusion ofancilJary 
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benefits that occur from the reduction of GHGs in these regions. 

Conclusions 

Our paper critiques the federal government's economic impact forecasts of imple
menting its Kyoto commitment under two major policy options: the Broad-as
Practical and Reference-Package options. We report two key conclusions. First, 
the federal government, in choosing foregone real GDP as a measure of economic 
costs, understates true economic costs. In particular, the government neglects the 
time value of money in their analysis and excludes other economic costs such as 
higher fuel costs, investment costs and COz emission permits. By incorporating 
discounting and adding these additional costs to lost industrial output, we fll1d that 
most provinces would support the Reference-Package as an option that reduces 
total PV costs relative to the Broad-as-Practical option. 

The second conclusion drawn from our analysis is that the federal government 
ignores significant ancillary benefits that emerge from the Kyoto policy options. 
We argue that the government should incorporate a full net present value frame
work into their economic impact analysis where discounted costs and benefits are 
included. Once this is done, we find that most provinces bene fit (or have positive 
NPVs) under both policy options and prefer the Reference-Package. 

The conclusions outlined above must be treated with caution. For instance, 
some of the federal documents used in this study were obtained through the 
Access-to-Information Act, and included information only to the beginning of 
October 1,2002. Other unpublished federal documents may exist which contradict 
the results shown in this paper. In particular, since the Climate Change paper was 
released, the federal government has announced a softening ofrules for automobile 
COz pollution, and is also considering additional federal subsidies to large COz 
emitters paying more than $15 a CO, emission ton. These major changes to the 
Kyoto plan must be modelled to quantify changes to economic costs and benefits. 

Additionally, there are a number of assumptions that have been made with 
regard to the computation of costs and benefits. These assumptions, over such 
issues as the level and timing of ancillary benefits, need to be more fully investi
gated. Nonetheless, the results of this paper stand that if the federal government 
were to consider both the full costs and benefits of implementing the I<.yoto 
Protocol in Canada, a better case could be made for implementing their most 
recent and preferred policy option. 
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