THE EcoNnomiIC IMPACT

of INTERNATIONAL

CLImATE CHANGE PolLicy

o
B s

Research Report 97.4

Avuthors
Stephen Brown
Danielle Donovan
Brian Fisher

Kevin Hanslow
Mike Hinchy
Marny Matthewson
Cain Polidano
Vivek Tulpulé
Simon Wear

ABARE



© Commonwealth of Australia 1997

This work is copyright. The Copyright Act 1968 permits fair dealing for
study, research, news reporting, criticism or review. Selected passages,
tables or diagrams may be reproduced for such purposes provided
acknowledgment of the source is included. Major extracts or the entire
document may not be reproduced by any process without the written
permission of the Executive Director, ABARE.

ISSN 1037-8286
ISBN 0 642 26608 5

Brown, S., Donovan, D., Fisher, B., Handow, K., Hinchy, M., Matthewson, M.,
Polidano, C., Tulpulé, V. and Wear, S. 1997, The Economic Impact of Inter-
national Climate Change Policy, ABARE Research Report 97.4, Canberra.

Australian Bureau of Agricultural and Resource Economics
GPO Box 1563 Canberra 2601

Telephone (06) 272 2000 Facsimile (06) 272 2001
Internet www.abare.gov.au

ABARE is a professionally independent government economic research
agency.

ABARE project 1188




Foreword

The purpose in this report is to contribute to international climate change
policy development by providing an assessment of the effectiveness, equity
and efficiency of alternative proposals to mitigate carbon dioxide emissions
from fossil fuel combustion in Annex | countries. This study is part of a
broader ongoing program of climate change policy analysis at ABARE
based on model developments being conducted under the GIGABARE
project.

BrIAN FISHER
Executive Director

June 1997
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Glossary

ABARE
Abatement

Annex |

Anthropogenic

AOSIS

ASEAN

Atmospheric
concentration

Berlin Mandate

Australian Bureau of Agricultural and Resource
Economics

Reduction of greenhouse gas emissions below
business-as-usual levels

Countries which have committed to emission abate-
ment under Article 4.2(a) and (b) of the Framework
Convention on Climate Change aslisted in Annex | of
the Convention; generally developed countries and
countries undergoing the process of transition to a
market economy

Resulting from human activities — anthropogenic
emissions are greenhouse gases attributable to human
activities

Alliance of Small Island States

Association of South East Asian Nations — for
modelling purposes ASEAN includes Malaysia, the
Philippines, Thailand and Indonesia, and excludes
Brunei, Vietham and Singapore

A measure of the amount of greenhouse gases (in this
case) present in the world’'s atmosphere, per unit
volume

The decision of the first Conference of the Parties,
dealing with the review of adequacy of commitments
of Article4, paragraph 2 (a) and (b), of the Framework
Convention on Climate Change, including
establishing a process for negotiation of a protocol or
another legal instrument to apply to Annex | Partiesfor
the period beyond 2000
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Business-as-usual

Carbon dioxide

Carbon leakage

Carbon dioxide
tax

EE
Emissions
intensity
EPA

European
Union (15)

EFTA

Externality

FCCC

A MEGABARE simulationinwhich policiesdesigned
to limit the growth of carbon dioxide emissionsare not
imposed on the model

The principal anthropogenic greenhouse gas — the
focus of thisreport ison energy related carbon dioxide
emissions

Displacement of carbon dioxide emitting activities
from countries with abatement policies to countries
without abatement policies (one focus of thisreportis
on leakage from Annex | countries to non-Annex |
countries)

Excise tax on fossil fuels, proportional to the carbon
dioxide content of each fuel and assumed in this study
to be levied at the point of fossil fuel combustion

Eastern Europe—comprises Bulgaria, Czech Republic,
Hungary, Poland, Romania, Slovakiaand Slovenia

Defined in this study as emissions per dollar of
aggregate output

Environmental Protection Agency

Austria, Belgium, Denmark, Finland, France, Germany,
Germany, Greece, Ireland, Italy, Luxembourg, The
Netherlands, Portugal, Spain, Sweden and the United
Kingdom

European Free Trade Association — comprises
Norway, Switzerland and Iceland

An externality exists whenever the welfare of some
agent depends directly on the agent’s activitiesand on
activities under the control of some other agent. An
externality can be positive or negative

United Nations Framework Convention on Climate
Change

Xii
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GDP

GNE

Greenhouse gas

GREEN model

GTAP

IEA
IPCC
Joint

implementation

L ess stringent
scenario

Margina emission

abatement cost

MEGABARE

Methane

Gross domestic product — ameasure of the aggregate
output of a country

Gross national expenditure — comprises the sum of
aggregate consumption, aggregate investment and
aggregate government expenditure

Any gas in the atmosphere that absorbs and re-emits
infrared radiation — major greenhouse gases include
water vapour, carbon dioxide, methane and nitrous
oxides

The OECD’s general equilibrium environmental
model

A comparative static general equilibrium model of the
world economy developed at Purdue University

International Energy Agency
Intergovernmental Panel on Climate Change

Realisation of reduction of emissions by one party
(investor) ontheterritory of another (seealso activities
implemented jointly)

Defined in the study for modelling purposes as a
scenario where Annex | countries reduce their carbon
dioxide emissionsfrom fossil fuel combustion to 1990
levels by 2010 and further reduce emissions to 10 per
cent below 1990 levels by 2020

The cost of reducing emissions by one further unit
ABARE’s dynamic general equilibrium model of the
world economy

A significant greenhouse gas — important anthro-

pogenic sources are energy production, enteric fermen-
tation and paddy fields

Climate change policies
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More stringent
scenario

Non-Annex |

OECD

Property rights

Radiative forcing

Rest of the world

Sink

Terms of trade

Tradable emission
guotas

Defined in the study for modelling purposes as a
scenariowhere Annex | countriesstabilisetheir carbon
dioxide emissions from fossil fuel combustion at 15
per cent below 1990 level sby 2010 and hold emissions
at those levelsin the period to 2020

Developing country Partiesnot listedin Annexestothe
Framework Convention on Climate Change

Organisation for Economic Cooperation and
Development

Refersto abundle of entitlements defining an owner’s
rights, privileges, and limitations for the use of a
resource

Process by which radiation from the sun is absorbed
and scattered by the earth’s atmosphere. Radiative
forcing disturbs the balance between incoming and
outgoing radiation, and the climate responds to re-
establish the radiative balance by either warming or
cooling the surface of the earth

Group of regions used for modellingin MEGABARE
— comprises all regions except those identified
individually

Repository for greenhouse gases which are removed
from the earth’s atmosphere and absorbed and stored
permanently or semi-permanently — major carbon
sinks are oceans, soils and vegetation

The ratio of aggregate export prices (weighted by the
corresponding export shares) to aggregate import
prices (weighted by the corresponding import shares)
for agiven country or region

Rights to emit greenhouse gases that are tradable

Xiv
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Summary

December in Kyoto isa crucial time for international
climate change policy

The ultimate aim of the Berlin Mandate arising from the first Conference of
the Partiesto the United Nations Framework Convention on Climate Change
was to hegotiate greenhouse gas emission reduction objectives and policies
for Annex | countries for the period beyond 2000. The deadline for an
agreement on these objectives and palicies is the third Conference of the
Parties to the Convention to be held in Kyoto in December 1997. At this
stage, however, the nature of any possible outcomefrom Kyoto remainsvery
difficult to predict as many Parties are still developing their proposals for
international greenhouse gas emission limitation strategies.

Analysing the economic impacts of reducing emissions

Thepurposeinthisreport isto contribute anal ytical input to theinternational
climate change policy development process by providing an assessment of
the economic impacts of policies to reduce carbon dioxide emissions from
fossil fuel combustion in Annex | countries over the period to 2020. The
assessment isbased on using the MEGABARE model of theworld economy
to analyse alternative emission abatement policy scenarios.

To date, much of the discussion on emission abatement has focused on the
adoption of uniform emission reductions across Annex | countries. More
recently, the potential role of tradable emission quota schemes in reducing
the costs associated with emission abatement has become more prominent
in the international climate change negotiations. Both uniform emission
reduction regimes and tradable quota schemes are analysed and compared
in this report.

The assessment encompasses the production, expenditure and trade impacts
of the emission abatement policieson devel oped and devel oping economies.
It should be noted that no attempt is made to address the broader issue of
assessing the overall costs of climate change itself compared with the costs
of mitigation and adaptation.

Climate change policies 1



Business-as-usual emissions growth

Under the business-as-usual scenario, global carbon dioxide emissionsfrom
fossil fuel combustion are projected to double over the period 1990 to 2020
(figure A) . This growth will be driven to a large extent in the future by
emissions growth in non-Annex | regions. Owing to their rapid projected
growth, annual emissions from non-Annex | regions are projected to
overtake Annex | emissions by 2016. By 2020 these regions are projected
to be responsible for 52 per cent of global emissions, compared with their
1990 share of around 30 per cent.

Among the Annex | countries high emissions growth rates (table A) are
correlated with:

« high projected population growth rates, leading to increased energy
demands;

« highcurrent levelsof dependenceon energy sourcesother than fossil fuels
such as hydroelectricity and nuclear power, both of which are expected
to be disadvantaged compared with fossil fuel based el ectricity generation
in the future; and

* acomparative advantagein emission intensive activities such asminerals
processing.

Therapid growthinnon-Annex | emissionsisprincipally duetotheir relatively
high projected rates of economic growth and increasing levels of indus-
trialisation that, together, contribute to increased demand for fossil fuels.

A Carbon dioxide emissions from fossil fuel combustion
Business-as-usual

45

40

35

30

25

20 A |
15 nnex

10
5 Non-Annex |

Global
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Projected annual average growth in emissions, population, output and
emissions per person, 1990-2020: Annex | regions, business-as-usual

Emissions

Output per

Emissions Population a (GDP) person

% % % %

Australia 1.63 0.94 231 0.68
New Zedland 2.20 0.34 243 1.86
United States 1.38 0.36 213 1.03
Canada 1.28 0.85 1.83 0.43
Japan 1.16 -0.07 2.52 122
European Union 112 -0.24 201 1.36
EFTA 1.10 -0.08 1.47 1.18
Former Soviet Union and Eastern Europe  0.85 0.22 134 0.63
Annex | average 134 0.29 2.01 1.05

alnBoset a. 1992 and Urban and Trueblood 1990, population projections are presented which are
generally higher than the population growth projected by MEGABARE. This can largely be attributed
to the fact that neither of these other studies calculates population endogenously and they therefore do
not take into account the full effects of any income changes on the population growth rate.

The implications of uniform emission abatement policies

A uniform targets approach to emission abatement requires each Annex |
country to reduce itsemissionsto level sbased on auniform base period such
as 1990. This contrasts with a differentiated targets approach, under which
countries’ individual economic and trade circumstanceswould betakeninto
account when their targets are set.

To illustrate the economic consequences of uniform emission abatement
strategies, two alternative international climate change policies were
simulated using MEGABARE:

* |ess stringent scenario: Annex | countries reduce their carbon dioxide
emissionsfrom fossil fuel combustion to 1990 levels by 2010 and further
reduce emissions to 10 per cent below 1990 levels by 2020; and

* morestringent scenario: Annex | countries stabilisetheir carbon dioxide
emissions from fossil fuel combustion at 15 per cent below 1990 levels
by 2010 and hold emissions at those levelsin the period to 2020.

Neither simulation requires developing countries to restrict their emissions
growth. This assumption is based on the requirement in the Berlin Mandate

Climate change policies 3



that the current round of negotiations will not require developing countries
to take additional measures to reduce their emissions at thistime.

Impact on emissions

Theresultsinfigure B show that the more stringent emission reduction leads
to moderately greater reductionsin global emissionsrelative to business-as-
usual than the less stringent emission reduction over the medium term.
However, over the longer term the difference between the impacts of the
more and | ess stringent policies becomes increasingly small.

There are two reasons for this result. First, the share of Annex | emissions
inglobal emissionsisprojected to decline, implying that emission reductions
in Annex | regions alone will have an increasingly small impact on global
emissions. Second, emission abatement action in Annex | countries is
projected to encourage increased fossil fuel use and emissions in non-
Annex | countries as fossil fuel intensive industries relocate to non-Annex
| regions, where emission abatement targets do not apply. This process,
known as ‘ carbon leakage', is projected to offset the impacts of emission
reductionsin Annex | countries on global emissions by around 12 per cent
in the less stringent scenario at 2020 and 14 per cent in the more stringent
scenario. This means that for every million tonnes reduction in emissions
achieved by Annex | regions, emissions in non-Annex | regions rise by
between 120 000 tonnes and 140 000 tonnes.

The limited impact of the assumed policies on global emissions highlights
the need for all countries to become involved in emission abatement over

B Global carbon dioxide emissions from Ifossil fuel combustion
under uniform emission reduction scenarios

45

40 Less stringent

Business-as-usua

35

30 More stringent
25

Gt
1996 2000 2004 2008 2012 2016 2020
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thelonger term if any significant and sustained reduction to global emissions
isto be achieved.

Global economic impacts

Theemission reductionsare estimated to imposelossesin real grossnational
expenditurein both Annex | and non-Annex | regions (table B). At aglobal
level, gross expenditure and output are projected to be around 0.8 per cent
bel ow business-as-usual levels by 2020 under the less stringent scrnario and
1.1 per cent below business-as-usual under the more stringent scenario.

Changein GNE at 2020 relative to business-as-usual dueto
emission reductionsin Annex | regions

Less stringent More stringent

% %

Annex | -1.0 -15
Non-Annex | 05 -0.2
Global -0.8 -11

Source: MEGABARE projections.

Annex | impacts

Owing to significant differencesin economic structures and trading patterns,
uniform emission abatement targets do not lead to uniform economic costs
between Annex | regions (figure C). For example, the projected economic
costsfor Australia, Norway, New Zealand and Japan are many times higher
than those projected for the other Annex | regions. The magnitude of the
burden increases for the more ambitious emission abatement target. Japan
experiences high costsbecause Japaneseindustries have already taken major
stepsto improve energy efficiency and reducefossil fuel use. Further action
to reduce emissions by significant amounts in Japan would imply further
structural adjustment to the Japanese economy, carrying large costs. In the
case of Australia, which supplies large shares of the world's coal and
processed minerals processes, emission abatement activities would entail
major structural adjustment in industry, with high economic costs.

At asectoral level, there are significant reductions in the outputs of coal, il
and gas as Annex | countries shift away from fossil fuel use to meet their

Climate change policies 5



C Net present value of GNE losses due to uniform emission
reduction, 2000-2020 Annex | regions

Less stringent

I I | mm More stringent
‘96 US$°000 I S

per person Australia United Sfofes Japan EFTA
New Zealand Canada European Union FSU & EE

o)

o

o

emission abatement targets. Coal, which isthe most emission intensive fuel
experiences the largest output fall, followed by gas and ail (table C).

Significant declinesin output are also experienced in the chemical, rubber
and plastics and iron and steel industries of most countries. Nonferrous
metals production in Australia, which is based on coal fired power
generation, also experiences asignificant output fall.

Non-Annex | impacts

A key factor driving economic growth in non-Annex | countries is the
increased integration of non-Annex | countries into the global economy
through trade and investment linkages. These linkages are likely to be
affected when Annex | countries undertake emission abatement, with
conseguent economic impacts.

Changein global primary energy use at 2020 relative
to business-as-usual dueto emission reductionsin
Annex | regions

Lessstringent scenario Morestringent scenario

% %

Cod -41.0 -41.8
Oil -59 -6.3
Gas —26.6 -30.3

Source: MEGABARE projections.
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D Net present value of GNE changes due to uniform emission
reduction, 2000-2020 Non-Annex | regions

1.5

1.2
Less stringent

0.9 B More stringent
0.6
0.3
‘96 US$°000 - —
per person | | L
-0.3
-0.6
-0.9
-12 South  China Chinese Indonesia India  Mexico  Brazil Rest
Korea Taipei of world

Among the non-Annex | regions, South Korea and China are projected to
experience economic benefits under both emission reduction scenarios as
these countries benefit from the phenomenon of carbon leakage or, more
particularly, from their increased competitiveness in emission intensive
production processes relative to Annex | countries (figure D).

The remaining non-Annex | regions are projected to experience economic
costs due to adverse trade and investment outcomes. For example, Mexico
and Indonesiaexport fossil fuelsto Annex | regionsand thereforeexperience
a decline in export demand for these commodities. Further, the declining
world price of these commodities contributesto adeclinein export earnings.
These countries also import fossil fuel intensive manufacturesfrom Annex |
regions, the prices of which rise due to the emission abatement efforts in
Annex | regions. These priceincreasesare passed on to consumersin Mexico
and Indonesia, further contributing to the economic costs experienced by
them.

Least cost approaches and tradable emission quota
schemes

Strategies that impose smaller economic costs on the international
community, and which lead to outcomesthat are perceived to involveamore
equitable sharing of these costs are much more likely to lead to effective
global effortsto limit emissionsthan strategiesthat impose high and unequal
costson countries. A tradable quotascheme hasthe potential to allow carbon
dioxide emissions to be reduced by the same amount as uniform abatement
policies but at alower cost to the international community (figure E).

Climate change policies 7



E Change in global GNE over time relative to business-as-usual
under grandfathered tradable quotas and uniform abatement

0.2

o Tradable quotas

-0.2

Uniform abatement
-04

0.6
-0.8

-1.0
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

The process of trade leads to greater emission abatement in low cost
locations such as the Former Soviet Union and Eastern Europe than would
have been the case under the uniform targets approach. Thisregion receives
a substantial compensation for undertaking the emission reductions in the
form of revenue from emission permits sold to other regions.

While trading reduces the global costs of emission abatement, the costs do
not fall evenly among Annex | countries. The results in figure F show the
percentage changesin GNE at 2010 when countries' emission are allocated
on the basis of historical emission levels (also known as grandfathering).

TheresultsinfigureFindicatethat, compared withtheuniformtargetsresult,
countries such as Japan and New Zealand (where marginal abatement costs

F Change in GNE at 2010 relative to business-as-usual
under uniform abatement and grandfathered tradable quotas
5
4
3 Uniform abatement
5 B Grandfathered fradable quotas
1
% - - — — e—
e B
-2
-3
4

7 Australia New United Canada Jopan European EFTA FSU & EE
Zealoand  States Union
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are projected to bethe highest under uniform targets) experiencethe greatest
benefit from the shift to grandfathered tradable quotas. Australia, on the
other hand, continues to experience trade related losses owing to reduced
demand for its coal exports and, as a result, it continues to experience a
greater GNE loss than the other Annex | regions relative to business-as-
usual.

A key result isthat the United Statesexperiencesagreater lossin GNE under
the grandfathered approach than under the uniform targets approach. This
occurs for two reasons. First, the United States does not experience as great
areduction in marginal emission abatement costs from the moveto tradable
quotas as do countries such as Japan and New Zealand. Asaresult, thegains
to fossil fuel using industriesin the United States are not as great those for
industries in many other Annex | regions. Second, the significant reduction
in marginal emission abatement costs in other Annex | regions relative to
that for the United States reduces the competitiveness of US industry
compared to the situation it faced with uniform targets. Consequently, the
termsof trade (or therate at which US exports can be exchanged for imports)
decline relative to the uniform targets outcome. This leads to a substantial
trade related lossin GNE for the United States that outweighsthe relatively
small benefits from reduced marginal emission abatement costs.

Kyoto in December

Inthevery long term the United Nations Framework Convention on Climate
Changewill bejudged to have been effective if abalance has been achieved
between the net damages from climate change itself and the economic costs
imposed as a result of emission abatement and adaptation. One of the
necessary conditions for such abalance isthat major emitters are part of an
agreement to reduce greenhouse gases. This type of participation will be
encouraged only if emission abatement actions undertaken by signatories
are equitable and least cost.

A demand for simplicity by some parties to the convention has led them to
insist on uniform abatement targets that lead to an inequitabl e all ocation of
economic costs among Annex | countries. Such an approach does not lay
the long term foundation for an agreement that will be implemented whole-
heartedly, that will provideamechanism for signing on devel oping countries
to undertake future commitments, or that will form the basisfor introduction
of innovative new policies such as tradable emissions quotas.

Climate change policies 9



An emission trading scheme has the potential to be the least cost approach
to meeting the challenge of reducing emissionsat theinternational level. The
initial allocation of emission permits could be used to compensate countries
(at least to some extent) for the costs of meeting emission abatement targets.

This will serve to encourage participation in the international emission
abatement process.

10 ABARE research report 97.4



| ntroduction

Widespread concerns about the potential risks of global warming motivated
over 150 countries to become Parties to the United Nations Framework
Convention on Climate Change. The Convention came into force in March
1994 with theaim of stabilising theatmospheric concentration of greenhouse
gases at aleve that would prevent ‘ dangerous human interference with the
climate system’ (United Nations 1992).

A fundamental result of the Berlin Mandate, agreed at the first Conference
of the Partiesto the Framework Conventionin 1995, wasthe commencement
of negotiations to establish greenhouse gas emission reduction objectives
and policies for Annex | countries for the period beyond 2000 (see box 1).
The deadline for an agreement on these objectives and policiesis the third
Conference of the Parties to the Convention in Kyoto, Japan, in December
1997. However, the nature of any possible outcome from Kyoto remains
highly unclear as many countries are yet to provide the details of their
proposals for international greenhouse gas emission limitation strategies.

Asalternative proposalsfor international emission abatement are developed
and refined in the lead up to the third Conference of the Parties, three key
factors will influence attitudes toward them:

* the effectiveness of the proposals in terms of their potential impact on
globa greenhouse gas emissions;

* theequity of the distribution of the economic costslikely to be associated
with proposed levels of emission abatement; and

* the cost effectiveness or efficiency of the emission reduction strategies.

The purpose in this report is to contribute to international climate change
policy development by providing an assessment of these three aspects of the
climate change debate. Thiswill be done by assessing the economic impacts
of alternative policies for the reduction of carbon dioxide emissions from
fossil fuel combustion in Annex | countries.

The policy scenarios analysed include uniform or flat rate emission
reduction regimes, under which countries are required to reduce their

Climate change policies 11



Box 1: Annex | Partiesand the Berlin Mandate

Parties to the Framework Convention can be categorised into two groups, Annex | and
non-Annex | Parties. The Annex | group consists of OECD economies (with the
exception of South Korea and Mexico) and the economies in transition (the Former
Soviet Union and Eastern European countries). Non-Annex | countries are generally
characterised as developing economies.

A key outcome of the first conference of the Parties to the Framework Convention
held in Berlin in 1995 was agreement on a mandate for further negotiations aimed at
elaborating policies and setting quantified greenhouse gas emissions limitation and
reduction objectives (QELROs) for Annex | Parties. Specific aims of the negotiations
leading up to third Conference of the Parties taking place under the auspices of the Ad
Hoc Group on the Berlin Mandate include:

* to strengthen the commitmentsin Article 4.2(a) and (b) of the Framework
Convention for Partiesincluded in Annex I; for example, in relation to emission
abatement;

 toconsider ... the coordination among Annex | Parties, as appropriate, of relevant
economic and administrative instruments;

* to provide areview mechanism to evaluate the appropriateness of set quantified
limitation and reduction objectives in light of new scientific evidence and or
compliance difficulties.

The Berlin Mandate outcome will not require non-Annex | countries to take on new
commitments to reduce greenhouse gas emissions beyond 2000, although it requires
all Partiesto reaffirm their existing commitments and advance their implementation.t

emissionsto alevel based onauniform historical period, and tradable quotas
schemes, under which the right (or a permit) to emit carbon dioxide from
fossil fuel combustion may be traded between emitters of carbon dioxide
within and across the countries participating in the schemes.

The assessment encompasses the production, expenditure and trade impacts
of the alternative emission abatement policies on devel oped and devel oping
economies in the period 2000 to 2020. No attempt is made in this report to
address the broader issue of ng the overall costs of climate change
itself compared with the costs of mitigation and adaptation. This subject is
covered in the ‘environmental impact assessment’ literature (see, for

1 Report of the Conference of the Parties on its first session, held at Berlin from 28 March to 7 April
1995. Part two: Action taken by the Conference of the Parties at its first session, Addendum,
FCCC/CP/1995/7/Add.1.
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example, Weyant 1994; Weyant et al. 1995; Reilly 1997). Also, only policies
to abate carbon dioxide from fossil fuel combustion are considered in this
report. At this stage, data constraints prevent analysis of policies affecting
emissions of carbon dioxide from non-fossil fuel sources, other greenhouse
gases, and greenhouse gas sinks. A brief qualitative description of the
potential implications of climate change and the role carbon dioxide and
other greenhouse gases play in global warming is contained in box 2.

The analysis presented in this report is based on applications of the
MEGABARE model of the world economy (ABARE 1996). MEGABARE
is a multicommodity, multiregion, dynamic, computable general
equilibrium model designed to conduct research on issues facing the global
economy, including the impacts of climate change policy (see, for example,
ABARE and DFAT 1995; Brown et a. 1997). The model documentation,
together with some working papers that illustrate further model
devel opments, can be found on ABARE's web site at www.abare.gov.au

Box 2: The enhanced greenhouse effect

It isargued that increases in greenhouse gas concentrations since pre-industrial times
(since about 1750) have tended to warm the earth’s surface and to produce other
changesof climate. By 1992, the atmospheric concentrati ons of greenhouse gases, such
as, carbon dioxide, methane and nitrous oxide had risen significantly — by about 30
per cent, 145 per cent and 15 per cent respectively (IPCC 1995b). These trends can be
attributed largely to human activities, mostly fossil fuel use, land use change and
agriculture (IPCC 1995a).

Carbon dioxide contributes 70 per cent of the total cumulative anthropogenic (human
induced) contribution of the major greenhouse gasesto changesin radiativeforcing (a
measure of global warming) since pre-industrial times. The contribution of methane
is 21 per cent, halocarbons (controlled by the Montreal Protocol) about 6 per cent, and
nitrous oxide 4 per cent. These estimates are based on direct radiative forcing for each
gas resulting from increases in atmospheric concentrations (IPCC 1994).

Uncertainty over the projected extent of global warming continuesto present problems
of sequential decision making for policy makers (Working Group 111 1995). The
Second Scientific Assessment produced by the IPCC (1995a) has revised the 1992
forecasts on the extent of global warming downward. The IPCC (1995a) now predicts
arise in mean surface air temperatures of between 1.0°C and 3.5°C within 100 years
or so and arise in the global mean sea level of between 15 centimetres and 95
centimetres (IPCC 19953). However, some of the scientific community assert that
climate data only support a more moderate prediction of climate change of between
1.0°C and 1.5°C (Michaels and K nappenberger 1996).
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International policy context

At the sixth negotiating meeting of the Ad Hoc Group onthe Berlin Mandate,
held in March 1997, a number of countries tabled proposals aimed at
defining the structure and broad content of an international protocol for the
limitation of greenhouse gas emissions in Annex | countries. While the
variousproposal sdiffer in scopeand emphasis, they indicatethat three major
issues will shape the outcome of the Kyoto Conference of the Parties.

1. The magnitude and timing of quantitative emission limitation and
reduction objectives (QELROS)

One aim of the Berlin Mandate is to strengthen commitments under Article
4.2 of the Framework Convention relating to an implicit goal for Annex |
Parties to reduce their greenhouse gas emissions to 1990 levels by 2000.
(The Berlin Mandate applies only to gases not covered by the Montreal
Protocol to limit ozone depleting substances.) Whileit isunlikely that many
Annex | Parties will achieve this goal (Sturgiss 1995) a number of Parties
have called for emission reductions to levels well below 1990 levels to be
achieved in the period 2000 to 2020. For example, the European Union has
advocated auniform 15 per cent reduction in greenhouse gasemissionsfrom
1990 levels by 2010. Thisis a weaker position than that of the Alliance of
Small Idand States (AOSIS), which is proposing a 20 per cent reduction in
greenhouse gas emissions below 1990 levelsin Annex | countries by 2005.2

2. The use of emission trading regimes to reduce the Annex | costs of
meeting a given QELRO for developed countries

The majority of proposals heard at the sixth meeting of the Ad Hoc Group
supported the potentia use of emission trading among Annex | Parties as a
cost effective abatement strategy. In essence, under an emission trading
scheme, the quantitative emission limitation and reduction objective
(QELRO) assigned to each Party would be treated as a permit to emit
greenhouse gases that can be traded among emitters. Various Parties have
noted that the actual cost effectiveness of such a scheme will depend on the
costsof theinstitutional structures needed to administer the program?. Further,
the equitable all ocation of abatement costs under atradabl e quotascheme will
depend on theinitia allocation of QELROs among Annex | countries.

2 Framework Compilation of proposals from parties for the Elements of a Protocol or Another Legal
Instrument Item 3 of the provisional agenda, Note by the Chairman, Ad Hoc Group on the Berlin
Mandate Sixth session Bonn, 3—-7 March 1997, FCCC/AGBM/1997/2, 31 January 1997.
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3. Whether developed countries QELROs should be differentiated in
order to sharemore egqually thelikely costs of achieving a given aggregate
developed country QELRO

In contrast to a uniform rate QELRO approach, a ‘ differentiated QELRO’
approach has been advocated by a number of the Partiesto the negotiations.
The differentiated approach takes account of the different economic and
trade circumstances facing each Party when setting the QELRO to be
assigned to that Party. Alternative differentiation schemes have been
proposed by a number of countries including Australia, France, Japan and
Norway. The European Union isin favour of using differentiated QELROs
for burden sharing between its member nations. The approach outlined in
the Australian proposal to the Convention is based on the principle that
QEL ROsshould be negotiated among Parties so asto ensurethat each Annex
| Party bears the same percentage economic loss per person from efforts to
achieve the aggregate Annex | emission abatement objective.

In addition to thesethreeissues, effortsto resolve several morecritical issues
will play an important role in determining the outcome of negotiations.
These include: the legal force to be applied to commitments undertaken as
aresult of the Berlin Mandate negotiations; the role of aternative policies
and measures for reducing emissionsin Annex | countries and whether they
should be uniformly applied or chosen from auniform set across Parties; the
range of greenhouse gases and greenhouse gas sources and sinks to be
covered by new commitments; the elaboration of commitments made by
non-Annex | Partiesunder the Framework Convention; and therolethat non-
Annex | Parties might play in future emission abatement strategies,
including their participation in efforts to reduce emissions jointly with
Annex | Parties (joint implementation).

Countries' attitudes to the various issues that are likely to determine the
outcome of the Berlin Mandate negotiations will be influenced in large
measure by their national circumstances. However, the development of
attitudes will al so be shaped by new scientific information on the nature and
extent of any climate change problem and by information emerging from
analytical work on the various policy related climate change issues facing
international decision makers.

3 Report of the Ad Hoc Group on the Berlin Mandate on the Work of its Sixth Session, Bonn, 3-7
March 1997, Addendum, Proposals for a Protocol or Another Legal Instrument, Negotiating text by
the Chairman, FCCC/AGBM/1997/3/Add.1.
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Analytical framework

Given the all pervasive use of fossil fuelsin the global economy, policies
designed to constrain carbon dioxide emissions from fossil fuel use will
affect almost every aspect of economic activity. Computable general
equilibrium models of the world economy such asMEGABARE are ableto
capture the impacts of such significant policy shifts on large numbers of
economic variables. Theseinclude the prices of consumer goods and inputs
to production, sectoral and regional output, trade and investment flows and,
ultimately, national incomes and expenditure levels in Annex | and non-
Annex | countries,

MEGABARE incorporatesthefact that different fossil fuelsreleasedifferent
amounts of carbon dioxide. This meansthat the projected emission level for
aregionin agiven period is afunction of the mix and quantity of fossil fuel
consumption in that region in that period. Alternative emission abatement
policiescan beanalysed by modelling theimpact of restrictionson emissions
growth on economic variables.

Because MEGABARE is an intertemporal model the impacts of emission
abatement can be traced over time and alternative timetables for the
implementation of emission abatement policies can be assessed.

A number of other global general equilibrium models have been developed
and used extensively to analyse climate change policies. Theseinclude ERM
(Edmonds and Reilly 1983), GREEN (Burniaux et al. 1991), WEDGE
(Industry Commission 1991), Whalley and Wigle (1991), Global 2100 (MR)
(Manne and Richels 1992), G-Cubed (McKibbin and Wilcoxen 1992)
CRTM (Rutherford 1993), Second Generation Model (Edmondset al. 1995),
EPPA (Yang et a. 1996) and the International Impact Assessment Model
(Bernstein, Montgomery and Rutherford 1996) .

Regional and sectoral disaggregation

Atitsmost disaggregated level, MEGABARE consists of equationsand data
that describe the production, consumption, trade and investment behaviour
of representative producers and consumers in 30 regions across 41 sectoral
groupings. Thedatabase used to simulate theimpactsof thevariousemission
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abatement policiesin this report has been aggregated to the 16 commaodity
groups and 18 regions presented in table 1. This particular aggregation was
chosen:

« toalow focusonthelinksbetween fossil fuel industries, energy intensive
sectors and other parts of the economy and to enable a comprehensive
analysis of the impacts of emission abatement policies on a broad range
of key sectors in each economy; and

* to enable a comprehensive assessment of the international
competitivenessand tradeimpactsof Annex | emission abatement on both
Annex | and non-Annex | countries.

Resultsfrom the MEGABARE model can be broken down to obtain abroad
estimate of the possible impact of Annex | emission abatement policies on
countries contained withinthe more aggregated MEGABARE regions. Such
a breakdown has been conducted for Norway (in the European Free Trade
Association). A breakdown of results for countries in the European Union
will be provided in areport to follow the publication of this study.

1 Regions and sectorsincluded in MEGABARE simulations

Regions Sectors
1 Audtrdia 1 Coad
2  New Zeadland 2  Qil
3 United States 3 Gas
4  Canada 4 Other minerals
5 Japan 5  Petroleum and coal products
6  European Union (15) 6 Chemicals, rubber and plastics
7 EFTAa 7  Nonmetallic mineral products
8 South Korea 8 Primary iron and steel
9 China 9  Primary nonferrous metals
10 Chinese Taipei 10 Fabricated metal products
11 Indonesia 11 Electricity, gas and water
12 Restof ASEAN b 12 Agriculture
13 India 13 Processed agricultural products
14 Mexico 14 Capita goods
15 Brazil 15 Manufacturing
16 Rest of America 16 Services

17 Former Soviet Union and Eastern Europe
18 Rest of theworld

a Comprises Norway, Switzerland and Iceland. b Comprises Malaysia, the Philippines, Singapore and
Thailand.
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Fuel switching and technological change

The carbon substitution possibilities available to an economy and the costs
of implementing them will have a major influence on the economic
consequences of any given emission abatement policy. In thisregard, akey
feature of the MEGABARE model is the unigue ‘technology bundle’
approach to modelling fuel substitution possibilities. In MEGABARE
electricity can be generated from coal, ail, gas, nuclear, hydro or renewable
based technologies, whileiron and steel can be produced using blast furnace
or electric arc technologies.

Explicit modelling of the alternative methods of production available to
them enables the electricity and iron and steel industries to substitute
between technologiesin responseto relative price changes or restrictionson
input use including the use of fossil fuels. A more detailed description of
this approach to modelling fuel substitution and its advantages over
commonly used alternativesisfound in Appendix A.

Substantial improvementsin energy efficiency at no additional cost to firms
are assumed to take place in the MEGABARE business-as-usual case.
However, firms are assumed not to be able to accelerate their levels of
innovation or induce technological change at a faster pace than is allowed
under business-as-usual conditionsin order to reduce the costs of emission
abatement to them. For example, increased restrictions on fossil fuel use
associated with an emission abatement policy could motivate firms to seek
innovative ways to economise on the use of fossil fuels at afaster rate than
is allowed for in the business-as-usua case. The possibility of such price
responsiveinnovation anditsimplicationsfor the cost of emission abatement
are explored in Appendix B.

Policy impacts and business-as-usual

Emission abatement policieswill induce resource shiftswith economy wide
consequences which can be traced using MEGABARE. More specifically,
under different emission abatement scenarios MEGABARE calculates an
equilibrium solution in which the supply of each factor input (land, labour
and capital) and the output from each sector in each region equal sthe global
demand for it. This is known as a ‘market clearing’ equilibrium. The
different policy scenarios analysed using the model will be consistent with
different equilibrium income levels in each region and with different
equilibrium output prices, production and consumption levels and import

18 ABARE research report 97.4



and export levels for each
type of commodity and
factor input in each region.

A MEGABARE business-
as-usual scenario provides a
benchmark against which to
measure the influences of a
policy change. The pro-
jections are based on a ‘no
policy’ scenario in which
governments do not imple-
ment policies to reduce
carbon dioxide emissions.
The impacts of emission
abatement policies on ec-
onomic variables can be
interpreted as deviations
from the business-as-usual
scenario.

For example, theinfluence of
an emission reduction policy
on emission growth can be
isolated by comparing

1 Deviation from b
in a MEGABA

Emissions (Gt1)

Business-as-usual,
a

4

Carbon tax

usiness-as-usual
RE simulation

Impact of
emission
reduction
policies
calculated

as deviation
from
business-as-usual

simulation
1992 2020 Time
Deviation from
business-as-usual (%)
Deviation
from
business-as-usual

1992 2020

Time

emission growth in the policy ssimulation against emission growth in the
business-as-usual scenario, asillustrated in figure 1. To provide anumerical
example, consider that business-as-usual emissions at 2020 were projected
to be 100 Mt (point a on the top graph). Following the introduction of an
emission reduction policy, emissions at 2020 were projected to be 90 Mt
(point b on the top graph). This corresponds to the 10 per cent reduction in
emissions from business-as-usual reported in the bottom graph of figure 1.
Hencetheeffect of theemission reduction policy istoreduceemissionlevels
by 10 per cent compared with the business-as-usual projection for 2020.
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3

Business-as-usual projections

In this chapter MEGABARE business-as-usual projections for carbon
dioxide emissions from Annex | and non-Annex | regions over the period
19902020 are presented. It isimportant to note that the business-as-usual
scenario is not a prediction of future carbon dioxide emissions. Future
emissions growth will be influenced by energy policies that are currently
being either implemented or negotiated. The business-as-usual scenario
abstracts from such policy developments.

Broad regional emissions growth and driving
forces

Figure 2 shows projected global carbon dioxide emissions from fossil fuel
combustion over the period 1990-2020. Global emissions are projected to
double over the period 1990 to 2020. This growth will be driven to alarge
extent in the future by emissions growth in non-Annex | regions. Emissions
are projected to rise a an average rate of 1.34 per cent a year in Annex |
regions, while emissions from non-Annex | regions are projected to rise by
3.96 per cent ayear.

In 1990, Annex | regions contributed 69 per cent of global carbon dioxide
emissions from fossil fuel combustion; the remaining 31 per cent were
contributed by non-Annex | countries. However, owing to their projected

2 Carbon dioxide emissions from fossil fuel combustion
Business-as-usual
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rapid growth, by 2016 non-

o Contributions to global CO
Annex | emissions overtake 3 9 2

emissions from fossil fuel combustion

Annex | emissions and, in Business-as-usual

2020, Annex | regions are 79

projected to contribute only Annex |
Non-Annex |

48 per cent of global
emissions, while non-Annex
| regions are projected to
contribute 52 per centina 30

business-as-usual setting 20

(figure 3). Thisresult is g

important in the context of %

present international nego- 1990 2020

tiations on climate change,

which are primarily focused on the obligations of Annex | countries to
reduce carbon dioxide emissions.

50
40

The strong projected emissions growth from non-Annex | regionsislargely
a result of the strong business-as-usual output and population growth
expected in those regions and the consequent growth in demand for fossil
fuels as inputs to production (see Curtotti et al. 1997). Projected business-
as-usual growth in population and gross domestic product in the Annex |
and non-Annex | regions are shown in figure 4, highlighting the differences
in growth patterns between the two regions.

In MEGABARE population growth is determined endogenously, with
income and migration rates being taken into account. Countries with higher

4 Population and GDP growth
Business-as-usual
6
5
Non-Annex | GDP
4

3 Non-Annex |
A | i population
2 nnex 1 population Annex | GDP /
1 N7 =
index
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levels of per person income tend to have lower birth rates, indicating a
negative relationship between income levels and population growth. In
general, Annex | regions haverelatively highincomesand thusare projected
to have lower population growth rates, while non-Annex | regions can be
expected to have relatively high population growth rates. In MEGABARE
the projected output growth of a region is positively related to population
growth and, as a result, the relatively rapid expected growth in population
in non-Annex | regions implies relatively fast growth in final demand.
Population growth in non-Annex | regions contributesto the projected rapid
growth in output, fossil fuel use and carbon dioxide emissions.

A second feature to note is that because non-Annex | regions have low
starting level s of per person output rel ativeto most devel oped countriesthey
will also have a higher projected per person growth rate. Thisis because it
isassumed in MEGABARE that countrieswith low per personincomeswill
have substantial scopeto ‘ catch up’ to the technological base and productive
capacity of developed countries. The assumed scope for technological catch
up leads to faster output growth in non-Annex | regions. However, the
technological catch up also provides non-Annex | regions with arelatively
rapid increase in energy efficiency from their current base of low energy
efficiency on average. Thiseffect partially offsetstheinfluence of economic
growth on emissions.

Another key difference between theregionsisthat the Annex | countriesare
aready at an advanced stage of industrialisation while most non-Annex |
countries are only now beginning to industrialise and show strong growth
inindustrial, emission intensive sectors. The current and projected shares of

gross domestic product

5 Contribution of heavy attributable to emission
manufacturing to GDP intensive industrial activi-
Business-as-usual tiesin Annex | and non-
8 Annex | regions are shown
a2 in figure 5. It can be seen

2020 X
6 that over time, the share of
emission intensive pro-
4 duction increases in non-
Annex | regions as their
2 production  structures
become less oriented

toward agricultureand more
ATIER| B ATTERS ) toward industrial outputs.
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The share of emission intensive sectorsin Annex | countries also rises, but
to a much smaller extent as income growth from high starting levels leads
to an increasein the share of the relatively less emissionsintensive services
sector in GDP.

Annex | regions

The projected emission levels for Annex | regions are provided in table 2.
The projections for growth in emissions, population, output and emissions
per person for each of the Annex | countries are presented in table 3.
Projectionsfor emissions growth per person are generally highest in regions
inwhich fossil fuels contribute arelatively smaller shareto total energy use.
Thisisbecauseitisexpected that the shares of non-fossil fuel energy sources,
such as nuclear power and hydroelectricity, will decline over time.

A number of factors contribute to Australia's relatively high growth in
emissions, including a high rate of population growth, continued strong
reliance on fossil fuels (particularly coal) in electricity generation, and
strong projected growth in exports from the energy intensive industries of
iron and steel and nonferrous metals. The relatively high population growth
rateisrelated to assumed levels of migration significantly above the Annex
| average.

New Zealand is projected to show stronger growth in emissions than
Australia. New Zealand relies heavily on hydroelectricity and the

Projected carbon dioxide emissions from fossil fuel combustion: Annex |
regions, business-as-usual

1990a 2000 2010 2020

Mt Mt Mt Mt

Australia 266 329 370 431
New Zealand 24 33 40 45
United States 4935 5593 6511 7 454
Canada 419 471 537 612
Japan 1080 1210 1414 1525
European Union 2812 3404 3727 3930
EFTA 97 120 127 135
Former Soviet Union and Eastern Europe 4 493 3273 4570 5797
Total of Annex | regions 14126 14 433 17 296 19 929

a Figures from the World Resources Institute 1996-97 Database Diskette.
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Projected annual average growth in emissions, population, output and
emissions per person, 1990-2020: Annex | regions, business-as-usual

Emissions

Output per

Emissions Population a (GDP) person

% % % %

Australia 1.63 0.94 231 0.68
New Zealand 2.20 0.34 243 1.86
United States 1.38 0.36 213 1.03
Canada 1.28 0.85 1.83 0.43
Japan 1.16 -0.07 2.52 122
European Union 112 -0.24 201 1.36
EFTA 1.10 -0.08 147 118
Former Soviet Union and Eastern Europe  0.85 0.22 134 0.63
Annex | average 134 0.29 2.01 1.05

alnBoset al. 1992 and Urban and Trueblood 1990, population projections are presented which are
generally higher than the population growth projected by MEGABARE. This can largely be attributed
to the fact that neither of these other studies cal culates population endogenoudly and they therefore do
not take into account the full effects of any income changes on the population growth rate.

opportunities for future hydro projects are limited (IEA 1996). Thus,
increases in New Zealand's energy use will need to rely more on fossil fuel
intensive energy sources. The explanation for Canada’s high projected
annual emissionsgrowth lieslargely inits high projected population growth
rate.

For Eastern Europe and the Former Soviet Union, projected emission levels
remain lower than 1990 levels until 2010, after which they rise rapidly due
to projected strong economic growth, asthese economies continueto emerge
from the period of economic decline experienced during the 1990s.

The projected annual average growth in emissionsfrom the European Union
islow at 1.12 per cent, primarily due to projected population growth being
negative. Thistakes no account of any future changesin membership of the
European Union and therefore does not include emission reductions likely
to be achieved through restructuring in the formerly centrally planned
economies of central Europe (IPCC 1995a). Japan and the European Free
Trade Association are also projected to experience a decline in their
populations and low emissions growth for the period 1990-2020.

Emission projectionsfrom MEGABARE are broadly comparablewith those
obtained in other studies. In table 4, the emissions projected with
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Projected annual average change in emissions, 1990-2020: Selected
Annex | regions, business-as-usual

European DRI/McGraw

MEGABARE GREEN Commission Hill

% % % %
Australia 16 na na 15
United States 14 11 0.8 0.8
Japan 1.2 1.2 0.7 0.7

European Union 11 0.7 05 12a

Former Soviet Union and

Eastern Europe 0.9 1.9 -01 na

a Thisfigureisthe sum of the figures for Germany, France, Italy, the United Kingdom, Sweden,
Spain, the Netherlands and Greece. na Not available.

MEGABARE are compared with those obtained by DRI/McGraw Hill
(1992), the European Commission (1996) and the GREEN model (Nicol etti
and Oliveira-Martins 1993).

The projections in table 4 differ between the studies presented, with
MEGABARE projecting slightly larger average annual changes in
emissions. However, the country rankings mostly remain the same among
the studies, indicating that the different levels of emissions are mainly due
to differing assumptions about growth rates. The one exception is for the
Former Soviet Union and Eastern Europe, where the projections differ
widely among the studies, with European Commission projecting a decline
in emissions for the region.

This difference is likely to be because the MEGABARE estimate includes
projections for Eastern European countries, which are generally expected to
experience a more rapid increase in emissions than the countries of the
Former Soviet Union. Also, Nicoletti and Oliveira-Martins (1993) note that
the GREEN simulation may overstate the growth in emissions from the
Former Soviet Union.

Non-Annex | regions

MEGABARE projects significant emission increases from all of the non-
Annex | regions from 1990 until 2020, as shown in table 5. Projections for
growth in emissions, population, output and emissions per person are
presented intable 6 toillustrate the forces driving the emissions projections.
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Projected carbon dioxide emissions from fossil fuel combustion: Non-

Annex | regions, business-as-usual

South Korea
China

Chinese Taipel
Indonesia

Rest of ASEAN a
India

Mexico

Brazil

Rest of America
Rest of the world
Total of non-Annex | regions

1990
Mt

241
2421
74
155
230
675
325
202
448
1554
6325

2000
Mt

413
4235
118
270
419
1075
391
305
674
2 048
9948

2010
Mt

542
6221
148
414

1683
605
475

1062

3500

15294

2020
Mt

628
8680
157
603
913
2470
831
666
1547
5452
21947

a Association of South-East Asian Nations.

Brazil and the Rest of Americaboth show large annual average increasesin
emissions, 4.06 per cent and 4.22 per cent respectively, mainly due to their
high projected output growth. Cost related restrictions on growth in
Brazilian hydro capacity imply that energy demands will need to be met by
increasing use of fossil fuels. Asaresult, the growth in Brazilian emissions
is projected to be relatively high.

Projected annual average growth in emissions, population, output and
emissions per person, 1990-2020: Non-Annex | regions, business-as-usual

Qutput Emissions
Emissions Population (GDP) per person
% % % %
South Korea 3.24 0.28 4.62 2.97
China 4.35 0.86 6.37 3.49
Chinese Taipei 2.55 0.05 3.93 2.50
Indonesia 4.62 1.09 6.47 3.53
Rest of ASEAN a 4,70 1.05 6.69 3.65
India 4.42 1.13 5.37 3.29
Mexico 3.18 1.29 5.56 1.89
Brazil 4.06 1.08 474 2.98
Rest of America 422 1.29 6.56 2.93
Rest of the world 4.27 1.62 5.64 2.65
Non-Annex | average 3.96 0.97 5.60 2.99
a Association of South-East Asian Nations.
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Projected annual average change in emissions, 1990-2020: Selected non-
Annex | regions, business-as-usual

European
MEGABARE GREEN Commission DRI/McGraw Hill
% % % %
China 4.4 4.3 2.2 na
India 4.4 4.3 na na

na Not available.

There is no uniform trend among Asian countries (many of which are at
significantly different development stages) with a range in increases of
emissions of 2.55 per cent for Chinese Taipel to 4.70 per cent for the Rest
of ASEAN. Significant emissions growth is also projected for India owing
to its expected rapid output growth rate and an increasing share of emission
intensive industries (as opposed to agriculture) in the structure of its gross
domestic product over the projection period.

Table 7 shows that the estimates for China’'s emissions growth vary
considerably among different modelling studies. The European Commission
projects a much smaller annual average growth in emissions for China, at
only 2.2 per cent, compared with the 4.4 per cent projected by MEGABARE
and the 4.3 per cent projected by GREEN. The European Commission’'s
projection for output growth in Chinais 6.9 per cent ayear, which ishigher
than MEGABARE's projected 6.4 per cent a year. This implies that the
European Commission is likely to be expecting a higher rate of energy
efficiency improvement or more rapid structural change away from energy
intensive activities than is projected with MEGABARE. In this context,
Levine and Price (1997) point out that it is unlikely that China (and other
countries) will be ableto sustain the policy driven level of energy efficiency
improvement experienced during the 1980s into the next century.
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Global impacts of uniform emission
reductions

An assessment of the impacts of uniform emission reduction targets at a
broad global level isprovided in this chapter. A uniform targets approach to
achieving emission reductions requires each Annex | country to reduce its
emissions to levels based on a uniform base period such as 1990. This
contrasts with a differentiated targets approach under which countries’
individual economic and trade circumstances would be taken into account
when their quantitative emission limitation and reduction objectives
(QELROs) are set.

For illustrative purposes two alternative uniform emission abatement
scenarios have been selected for analysis of their economic impacts:

 |less stringent scenario: Annex | countries reduce their carbon dioxide
emissions from fossil fuel combustion to 1990 levels by 2010 and further
reduce emissionsto 10 per cent below 1990 levels by 2020; and

« morestringent scenario: Annex | countries stabilisetheir carbon dioxide
emissions from fossil fuel combustion at 15 per cent below 1990 levels
by 2010 and hold emissions at those levelsin the period to 2020.

The first scenario is based on a ten year delay in achieving the implicit
commitment in Article 4.2 of the Framework Convention that Annex |
Parties aim to reduce their emissionsto 1990 levels by 2000. The further 10
per cent reduction beyond 2010 represents a strengthening of the emission
abatement commitment implied in Article 4.2. The second scenario
represents a policy similar to that proposed by the European Union Parties
at theinternational climate change negotiationsheldin Bonnin March 1997.
Developing countries are not required to restrict their emissions growth in
either scenario. This assumption is based on the requirement that the
outcome of the Berlin Mandate negotiations will not require developing
countries to take additional measuresto reduce their emissions.

It is assumed that in achieving the emission reductions, governments adopt
policy instrumentsthat imposethe smallest possible cost ontheir economies.
A discussion of efficient approaches to reducing carbon dioxide emissions
within a country is presented in chapter 11 of the Intergovernmental Panel
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on Climate Change's Second Assessment Report of Working Group 111,
IPCC (1995a). If, in practice, least cost approaches are not adopted, then
economic costs to a given Annex | region would be higher than those
reported in this study.

In MEGABARE, least cost modelling of emission abatement involves
imposing a tax on emissions of carbon dioxide in each period for which
emission restrictions apply. The tax raises the costs associated with carbon
dioxide emission intensive activities and encourages ashift of resourcesinto
less emission intensive activities, thereby reducing emissions.

Revenue from the tax is assumed to be returned to the economy in alump
sum fashion. In practice, changing the way in which revenueis returned to
the economy can alter estimates of the implications of emission abatement.
For example, someanalysts have shown that using therevenuefromacarbon
tax to reduce government budget deficits or to replace highly inefficient
taxes can confer some benefitson an economy (see, for example, McDougall
and Dixon 1996). Critics of such conclusions, including de Mooij (1996),
point out that estimates of such benefits are highly sensitive to the type of
models used for the analysis and the underlying assumptions. Further, the
changes in income distribution implied by the shift in revenue base can
render the reform of highly inefficient taxes using environmentally based
taxes politically infeasible. In addition, such alternative approaches to the
treatment of carbon tax revenue do not permit the impacts of emission
abatement to be separated from theimpacts of taxation or budgetary reforms
and they can provideadistorted pi cture of theimpacts of emission abatement
0N economies.

A carbon tax is representative of the broad class of economic instruments
that could be used by governmentsto reduce emissions, including nationally
based tradable emission quota schemes. In the context of the MEGABARE
simulations the carbon tax associated with achieving a given level of
emission abatement can also be interpreted as the unit price of nationally
traded emission quotas (Hinchy et a. 1993). In more general terms the
carbon tax can beinterpreted asthe marginal cost to the economy associated
with any least cost policy or set of policies designed to achieveagiven level
of emission abatement.
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mpacts of policies on emissions

Annex | emissions

Reducing Annex | emissions to 10 per cent below 1990 levels by 2020 (the
‘less stringent’ of the two scenarios examined in this study) implies an
emission reduction relative to business-as-usual emissionsin this region of
around 38 per cent by 2020 (table 8). Reducing Annex | regions emissions
to 15 per cent below 1990 levels by 2010 and holding them fixed in the
period to 2020 (the ‘ more stringent’ scenario) requires areduction in Annex
| emissions of 41.6 per cent compared with the business-as-usual level by
2020.

Non-Annex | emissions and carbon |eakage

Carbon dioxide emissions from non-Annex | countries are projected to rise
by over 4 per cent relative to business-as-usual in both simulations. This
phenomenonisknown as’ carbon leakage’ . Carbon leakageisthe partia off-
setting of emission abatement achieved in Annex | countries by increasesin
emissionsfrom non-Annex | countries. Inthesimulations, Annex | countries
impose policies to reduce fossil fuel usage to reduce emissions. These
policies increase production costsin fossil fuel intensive industries such as
iron, steel and nonferrous metals production in Annex | countries. As a
result, non-Annex | countries obtain a competitive advantage over Annex |
countriesinfossil fuel intensive products. In response, thereisapartial shift
in emission intensive industriesfrom Annex | to non-Annex | countries. For
example, figure 6 shows the projected significant increasesin iron and steel
production in selected non-Annex | countries asaresult of the less stringent
emission abatement action undertaken in Annex | countries.

Changein CO, emissions at 2020 relative to business-as-
usual dueto emission reductionsin Annex | regions

Less stringent scenario More stringent scenario

% %

Annex | -38.2 —41.6
Non-Annex | 4.2 51
Global -15.7 -16.8

Source: MEGABARE projections.
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6 Change in iron and steel output at 2020 relative to business-as-usual
Non-Annex | regions, less stringent scenario
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The partial shift in emission intensive production toward non-Annex |
countries leads to an increase in their emissions and, therefore, carbon
leakage. In effect, emission abatement actions undertaken in Annex |
countries encourage non-Annex | countriesto increase their carbon dioxide
emissions above business-as-usua levels.

Theresults presented in table 8 imply acarbon leakage rate® of 12.5 per cent
at 2020 under the less stringent scenario and 13.9 per cent under the more
stringent scenario. This implies that for every million tonnes reduction in
carbon dioxide emissions in Annex | countries, carbon dioxide emissions
from non-Annex | countries are projected to rise by between 125 000 and
139 000 tonnes, respectively. In previous studies using MEGABARE that
involved emission abatement in OECD countries only (Brown et al. 1997),
the estimated rate of carbon leakage at 2020 was a higher 24 per cent. In
those studies, however, asignificant proportion of theincreasein non-OECD
emissions was estimated to occur in the Former Soviet Union and Eastern
Europe. In the current analysis, emissions growth in these regions is
constrained, thereby preventing carbon leakage in their direction.

It should be noted that different analysts estimates of carbon leakage rates
vary greatly. For example, carbon leakage rates estimated by Martin et al.
(1992) based on results from the GREEN model are close to zero at 2020.
However, Pezzey (1992) estimated carbon leakage rates of 70 per cent based
on results from the Whalley-Wigle model. Manne and OliveiriaMartins

4 The carbon leakage rate is cal culated as the emissions increase projected for non-Annex countries
in megatonnes (Mt), divided by the emissions reductionsin Annex | countries (Mt), multiplied by -
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(1994) estimated a carbon leakage rate of 35 per cent from the 12RT model.
The carbon |eakage estimates of around 12 per cent from MEGABARE that
are reported in this study lie between the extreme estimates from other
models. However, care should be taken in comparing carbon leakage
estimates between models or even between simulations using the same
model for a number of reasons.

First, each model uses different regiona aggregation and carbon leakage
estimates are sensitive to which regions are included in the emission
abatement action. Thisis particularly important because the MEGABARE
simulations reported here consider emission reductions from the Former
Soviet Union and Eastern Europe while many other models exclude these
regions from abatement actions.

Second, the carbon leakage rate estimated by each model depends, to an
extent, on the assumed sectoral aggregation. It is expected that greater
sectoral detail, particularly in fossil fuel intensive products, would provide
greater substitution possibilities and, therefore, larger carbon leakage
estimates. MEGABARE contains a greater degree of sectoral detail than
most models. It is reasonable to expect that the carbon |eakage rates
estimated by MEGABARE would be higher than those estimated by models
with relatively less sectoral detail, particularly in fossil fuel intensive
manufactures.

Third, each of the model s mentioned isbased on different assumptions about
trade and investment flows. The carbon leakage estimates from
MEGABARE can be expected to be higher than those generated from
models that do not capture the potentially significant scope for capital and
trade flows in response to changes in relative competitiveness between
Annex | and non-Annex | regions.

Global fossil fuel use and emission reductions

Changesin global emissions shown intable 8 are associated with reductions
in the global use of fossil fuels, which in turn are driven by reduced usein
Annex | countries. Projected changesin the world's use of oil, gas and coal
are shown in table 9. Global coal useis projected to decline by 41 per cent
relative to business-as-usual in the less stringent scenario. The significant
declinein coal usecan beattributed largely to greater substitution away from
coal use in electricity production than for less carbon intensive energy
sources such as oil and gas. The projected decline in global oil useisless

32 ABARE research report 97.4



Changein global primary energy use at 2020 relative
to business-as-usual dueto emission reductionsin
Annex | regions

Lessstringent scenario More stringent scenario

% %

Cod —41.0 -41.8
Oil 59 -6.3
Gas —26.6 -30.3

Source: MEGABARE projections.

than that for coal and gas, mainly because oil products are used extensively
inthe transport sector, where substitution possibilities are more limited than
in the power generation sector where coal and gas are used extensively.

The results presented in figure 7 show that the more stringent emission
reduction scenario leads to moderately greater reductions in global
emissionsover themediumterm (that is, by 2010). However, over thelonger
term, carbon leakage to non-Annex | countries, coupled with the declining
Annex | share of global emissions, reduces the difference between the
impacts of the more and less stringent Annex | actions on global emissions.

Under theless stringent emission abatement scenario, global carbon dioxide
emissionsare projectedtofall by 15.7 per cent, or 7.1 Gt, rel ativeto business-
as-usual at 2020. The more stringent emission reduction scenario is
projected to lead to adeclinein emissions of 16.8 per cent, or 7.6 Gt, relative

7 Global carbon dioxide emissions from f_ossil fuel combustion
under uniform emission reduction scenarios
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to business-as-usual. The limited impact of the assumed policies on global
emissions highlights the need for all countries to become involved in
emission abatement if any significant and sustained reduction in global
emissionsis to be achieved.

| mpacts of policies on economies

Theassumed emission reductionsare estimated to imposelossesinreal gross
national expenditure (GNE) (seebox 3) on Annex | and non-Annex | regions
(table 10). Global losses in GNE (and gross domestic product) at 2020
relative to business-as-usual are projected to increase from 0.8 per cent of
GNE under theless stringent emissionsreduction target to 1.1 per cent under
the more stringent emission reduction objective.

10 Changein GNE at 2020 relative to business-as-usual
dueto emission reductionsin Annex | regions

Lessstringent scenario More stringent scenario

% %

Annex | -10 -15
Non-Annex | -0.5 -0.2
Global -0.8 -11

Source: MEGABARE projections.

While comparison of estimated economic losses obtained from different
modelsisdifficult, the overall magnitude of the economic loss projected by
MEGABARE is close to those abtained in other studies. For example, the
MEGABARE results can be compared with results from some well known
global models.> These models estimated gross domestic product losses for
the OECD (that is, Annex | countries excluding the Former Soviet Union
and Eastern Europe) countries from stabilising carbon dioxide emissions at
1990 level s of between 0.3 per cent and 0.5 per cent at 2020. In these studies,
the emi ssion abatement targetsimposed on countrieswerelessstringent than
the scenarios presented in this study.

5 Includes GREEN (Burniaux et al. 1991), Global 2100 (MR) (Manne and Richels 1992), ERM
(Edmonds and Reilly 1983), CRTM (Rutherford 1993) and McKibbin and Pearce (1996), in which the
results applied to emission stabilisation at 1990 levels by 2005.
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Box 3: Gross national expenditure as an aggregated measur e of
economic outcomes

In much of the literature on greenhouse policy gross domestic product (GDP) or gross
national product (GNP) are used as aggregate measures of economic impacts (or in
more technical terms ‘economic welfare’) due to the wide familiarity with these
concepts.

In the context of an intertemporal model of a closed stationary economy, it can be
shown that gross national product can serve as an appropriate indicator of economic
welfare (Beltratti 1996). Gross national product is the sum of consumption and
investment. Consumption measures current welfare while investment indicates the
future consumption stream possible. Complications arise if alowance is made for
international trade, technical progress, exhaustible resources and environmental
quality (Vellingaand Withagen 1996).

In modelling aworld with international trade, gross national product isfrequently used
as a measure of national welfare. However, it is arguable that gross national
expenditure (GNE) may be a better proxy measure of the welfare impact of a policy
change under some conditions. The relationship between the two conceptsis given by

GNE = GDP + Imports — Exports — Foreign income transfers
and GNE is defined directly as
GNE = Private consumption + Investment + Government expenditure

The main advantage of gross national expenditureisthat it better captures the impact
of changesin the current account on consumption and investment possibilities. Thus,
if two countries had the same gross domestic product, the one with the greater surplus
of imports over exports and foreign income (a higher gross national expenditure)
would be able to support a higher level of consumption, investment and government
expenditure in that period.

In many simulations with the MEGABARE model, the change in equivalent variation
of arepresentative consumer has been significantly more highly correlated with the
change in gross national expenditure per person than the change in gross domestic
product per person. Such aresult supports the view that at least for the types of policy
changes considered, gross national expenditure is a better proxy economic welfare
measure than gross domestic product or gross national product.

The key source of economic loss in Annex | countries is an increase in
industrial production costs and consumer prices as assumed emission
restrictions force producers and consumers in Annex | countries to move
away from carbon intensivefossil fuel useinto more costly alternatives. The
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increased costs to industry tend to dampen economic activity. The resulting
decline in demand for labour and capital reducesreal returnsto capital and
labour (defined as the gains in output associated with adding an extra unit
of capital and labour, respectively, to the economy), in turn, leading to
reduced income and economic losses.

Theimpactsof Annex | policiesoninternational trade can bevery significant
for both Annex | and non-Annex | economies. For example, both Annex |
and non-Annex | fossil fuel exporterscan beexpectedto experienceadecline
in demand and prices for their fossil fuel exports. Also, Annex | countries
with significant exports of fossil fuel intensive products (such as iron and
steel, or aluminium in the case of Australia) could face areduction in export
demand as these industries begin to rel ocate to devel oping countriesto take
advantage of increased price competitiveness. While, on average, Annex |
exporters of fossil fuel intensive products lose competitiveness, non-Annex
| exporters of these products experience gains in competitiveness, leading
to carbon leakage and contributing positively to GNE changesin non-Annex
| countries.

Trade related economic losses can also arise because the increased costs of
production in Annex | countries (resulting from their efforts to restrict
emissions) are passed on to consumers of Annex | products, including those
in developing countries. For example, the prices of capital goods sold by
Japan to all countries, including non-Annex | countries, rise with the
imposition of emission abatement policies in Japan. All other things being
equal, countrieswith significant importsof emissionintensiveproductsfrom
Annex | countries can be expected to experience more significant economic
losses than countries with less significant imports of those products.

The trade related impacts of Annex | emission abatement on a country will
depend on two factors. The first factor is the extent to which a country is
able to purchase more imports from its national income. A decline in a
country’s international purchasing power from national income will
contribute to atrade related loss in GNE. The second factor affecting trade
impacts experienced by a country isthe changein its ability to buy imports
with a unit of exports, as measured by its terms of trade. A declinein a
country’s terms of trade represents a devaluation of its export returns,
contributing to atrade related lossin GNE.

A key feature of the MEGABARE results is that under certain policy
simulations, trade effects |ead to economic lossesin anumber of non-Annex
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I countries even though they do not take any direct action to reduce their
emissions. In table 10 non-Annex | countries are projected to experience a
loss of 0.5 per cent of gross national expenditure at 2020 under the less
stringent policy. Under the more stringent policy, non-Annex | countriesare
projected to experience a smaller 0.2 per cent decline in gross national
expenditure by 2020 as the beneficial impacts of carbon |eakage become
more significant than under the less stringent emission reduction scenario.

The figures in table 10 represent average outcomes across broad regional
groupings. However, within groupings there are substantial differencesin
outcomes owing to differencesin economic structures and trading patterns.
The magnitude and sources of these differencesin Annex | regions and non-
Annex | regions are explored in the following two chapters.
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Economic impacts on Annex | regions

An assessment of the economic impacts of uniform emission reduction
targets in each Annex | region is provided in this chapter. Differences in
aggregate economic costsincurred in Annex | regionsasaresult of adopting
uniform emission reduction targets are identified and impacts on key
industries and sectorsin each region are examined.

The detailed explanation of results focuses on the impacts of the less
stringent emission abatement policiesat 2010. In general, the pattern of these
resultsisreflected in results for other time periods and also under the more
stringent scenario. Cases for which this correspondence does not hold are
highlighted.

Differences in economic impacts

Theeconomic lossesincurred by Annex | countries under the more stringent
and | ess stringent emission reduction scenarios are shown in figure 8. These
losses are presented as the sum of the net present values of per person
changesto gross national expenditureincurred in each year of thesimulation
period. A discount rate of 5 per cent is assumed. The net present valuation
explicitly incorporates the time value of money and allows comparison of
economic costs incurred in one period relative to those experienced in
another period. Also, calculating the net present value on a per person basis

8 Net present value of GNE losses due to uniform emission
reduction, 2000-2020 Annex | regions

12
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I I | B More stringent
96 USS$’000
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New Zealand Canada European Union FSU & EE
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allows a comparison of the projected economic costs across different
regions.

The net present val ue can be regarded as an estimate of the ‘ one off’ cost of
the Annex | emission reduction policiesto different regions. The use of such
one off paymentsto express estimates of the costs associated with achieving
given environmental outcomesis supported by many recent examplesin the
contingent valuation literature (for example, see Carson et al. 1995).

Theresults presented in figure 8 show that GNE losses are projected to vary
significantly between Annex | regions. For example, the projected costs for
Australia, New Zealand and Japan are many times higher than those
projected for the other Annex | regions. For all regions, projected costs are
higher under the more stringent scenario.

9 Change in GNE over time relative to business-as-usual
Annex | regions, less stringent scenario
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Different emission abatement actions can be expected to differ in their
impacts over time. The time paths of GNE changes for the Annex | regions
under the less stringent emission reduction scenario are shown in figure 9.
In most Annex | regions annual GNE costs are projected to increase over
time. For example, under the less stringent emission reduction scenario, the
annual loss to Japan is projected to more than double between 2010 and
2020, from 1.3 per cent to 3.2 per cent of GNE relative to the business-as-
usual case. Over the same period the loss to Canadaincreases from 0.5 per
cent to 1.7 per cent of GNE.

In contrast to the other Annex | regions, the European Union exhibits
decreasing GNE costs over time. Thisis principally the result of agrowing
competitive advantage over other Annex | countries in the production of
some energy intensive products. These effects are explained later in this
chapter.

Within regionsthere are likely to be significant differencesin the economic
costsfaced by constituent countries. For example, within the European Free
Trade Association, lossesto Norway would include the significant negative
effects of reduced income from oil production. A breakdown of impacts on
Norway, including substantial projected reductions in aggregate output, is
provided in Appendix C.

Asnoted in the previous chapter, the effects on GNE of emission restrictions
in Annex | economiesarisefromtwo sources. Firstistheeffect of thepolicies
on productioninvariousindustriesand therefore on GDP. The second source
isthe effect of the policies on the ability of acountry to benefit from trade.
The nature and magnitude of theseimpactson different Annex | regionswill
depend on their economic structures and trading patterns. The production
and trade impacts of Annex | abatement policies are discussed in detail in
the following sections.

|mpacts on production

Marginal costs of abatement

The production impacts of achieving a given emission reduction in Annex
| regionswill depend to alarge extent on the size of the penalty that isneeded
to be put in place to discourage emission generation. The marginal cost of
emission abatement is ameasure of this penalty® (see chapter 2).
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10 Marginal cost of abatement at 2010
Annex | regions, less stringent scenario
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Marginal emission abatement costs under the less stringent scenario at 2010
areshowninfigure 10. In thisfigure, the marginal emission abatement costs
have been normalised so that the average marginal abatement cost across
Annex | countries (weighted according to 1990 emission levels) is set equal
to 1. This means, for example, that the projected marginal abatement costs
for Australia and EFTA are approximately equal to the Annex | average,
while the projected marginal abatement cost for Japan is about eight times
the Annex | average.

The size of the marginal abatement cost for each Annex | region dependson
two main factors:

* the magnitude of the emission reduction required; and

» thecost of fossil fuel alternatives.

Magnitude of the emission reduction

As an emission abatement target is increased, low cost options to reduce
emissions become more scarce. As a result, the penalty for generating
emissions must be increased in order to force firms and consumers to adopt
aternatives to emission intensive fossil fuels. This implies that marginal
emission abatement costs will tend to be higher for countries with higher
emission abatement targets.

6 In thisreport the term ‘marginal cost of emission abatement’ refers to the level of marginal cost
associated with a given emission abatement action. The functional relationship between marginal
costs and emission abatement is termed the ‘marginal abatement cost curve'.
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1 1 Change in carbon dioxide emissions at 2010 relative to
business-as-usual Annex | regions, less stringent scenario
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Estimates of the required emission abatement for each Annex | region are
presented in figure 11. Countries with relatively high business-as-usual
emissionsgrowth such asAustraliaand New Zealand arerequired to achieve
relatively large emission reductions to meet their emission abatement
objectives under the uniform targets approach. This contributesto their high
marginal cost of emission abatement.

Under the less stringent emission reduction scenario the Former Soviet
Union and Eastern Europe grouping is not required to undertake emission
reductions until after 2007 as their emissions are not projected to increase
above 1990 levelsuntil that year. Thisisreflected in the results presented in
figure 11 by the relatively small emission reduction requirement for this
region. It should be noted, however, that by 2020, with the significant growth
in emissions from the Former Soviet Union and Eastern Europe, thisregion
will berequired to reduce emissionsto morethan 40 per cent bel ow business-
as-usual levels. This compares with the estimated 30 per cent reduction for
the United States in the same year.

The cost of fossil fuel alternatives

While emission abatement targets are closely related to marginal abatement
costs, the extent and expense of possible alternatives to carbon intensive
production processes are also important determinants of marginal and,
ultimately, total emission abatement costs.

A region that can substitute readily into less emission intensive fuel sources
would be expected to incur a relatively low marginal abatement cost and
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experience lower economic costs than a region with limited, or more
expensive, substitution possibilities, all other things being equal.

Substitution possibilities can be limited if aregion usestechnologiesthat are
relatively less emission intensive. In this case the region is said to have
limited technical possibilities for substitution. For example, a country that
is heavily reliant on hydroelectricity or nuclear power will not have
significant scope to achieve low cost emission reductions in the electricity
sector. This would imply a need to reduce emissions in the transport and
industrial sectors, where substitution possibilities tend to be more limited
and where higher penalties or marginal emission abatement costs would
need to be imposed to encourage emission reductions.

Technical substitution possibilities are likely to be especialy limited in
Japan which has achieved significant reductions in fossil fuel use over the
past twenty-five years in most sectors of its economy. As aresult, low cost
options to reduce fossil fuel use that might have existed are likely to have
been exhausted in the past and, therefore, Japan will need to impose
substantial penalties on emitters in order to achieve further emission
reductions. This will be reflected by a relatively high marginal cost of
emission abatement.

In contrast with Japan, the production structure in the Former Soviet Union
and Eastern Europerelies heavily on carbon dioxide intensive inputs (figure
12). Thisregionislikely to have significant low cost opportunitiesto reduce
emissions and, therefore, isunlikely to need to impose substantial penalties
on emitters in order to achieve emission reductions in future years. For the

12 Emission intensity of aggregate output in Annex | regions, 1995
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United States and Canada, relatively high emission intensity contributes to
their relatively low projected marginal costs of abatement at 2010.

Substitution possibilitiesfor aregion can aso be expensiveif aternativeless
emission intensive fuels are more costly than the more emission intensive
fuel source aready in place. In this case the region is said to have limited
economic possibilities for substitution. For example, Australia has vast
reserves of coal that have a distinct price advantage over other potentially
less emission intensive fuels, such as natural gas and renewables in
electricity generation, given existing capital structures. The penalty for
emitting carbon dioxideinthisregion must risesignificantly inorder to make
coal aless attractive input than other fuel sources and thus for substitution
to occur.

GDP and sectoral impacts

A high marginal cost of emission abatement will tranglate into increasesin
production costs for industries that use fossil fuels. Theincreased costswill
tend to reduce production relative to business-as-usual in most industries
and especially inthoseindustriesthat usefossil fuelsmost intensively. These
includeindustriessuch asel ectricity generation (in some countries), iron and
steel and chemicals, rubber and plastics.

Therewill also beeffectsonindustriesthat use el ectricity, such asnonferrous
metals. These effects occur because any increases in the costs of electricity
production associated with emission abatement are passed on to electricity
users.

13 Change in aggregate output at 2010 relative to
business-as-usual Annex | regions, less stringent scenario
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Emission abatement policies also affect the production of fossil fuels by
increasing the costs associated with using fossil fuelsin Annex | regions,
leading to reduced world demand for coal, gas and oil (see chapter 4). This
reduced demand will lead to reductions in fossil fuel output in Annex |
regions, contributing to reductions in their gross domestic product.

Estimates of changes to aggregate output associated with the less stringent
emission abatement policy are shown in figure 13. In general, regions with
relatively low marginal emission abatement costs experience a smaller
projected increase in production costs than regions with higher marginal
emission abatement costs. As a result, fossil fuel using industries in low
marginal cost regionswill experience smaller reductionsin competitiveness
and output (on average) than in regions such as Australia, New Zealand and
Japan, where the impacts of uniform emission abatement on gross domestic
product are proj ected to bemoresignificant. Aggregate output in EFTA rises,
owing to increases in the outputs of arange of energy intensive products.
These products receive a substantial competitive advantage over similar
products in other Annex | regions because of the relatively low level of
reliance on fossil fuelsin their production.

Reductionsin fossil fuel outputs have the most significant impacts on gross
domestic product in Australia and Norway (see Appendix C), where fossil
fuel production is a more significant contributor to gross domestic product
than in the other regions.

A more detailed picture of the implications of the emission abatement
policies for production in different Annex | regions is provided in figures
14-21 and a detailed discussion of fuel switching in electricity generation
isprovided in Appendix D

Australian sectoral output

For Australia the most significant output reduction takes place in the
nonferrous metals industry (figure 14). This industry (mainly aluminium)
uses electricity very intensively and, in Australia, the majority of electricity
is generated in coal fired power stations (see appendix D). As aresult, the
high marginal cost of abatement for Australia (seefigure 10) is passed onto
nonferrous metals producers through significant increases in electricity
charges. This cost increase reduces the competitiveness of the Australian
nonferrous metals industry (compared with nonferrous metals industriesin
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1 4 Change in Australian sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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other regions where electricity generation isless dependent on fossil fuels),
leading to a decline in output from this industry.

Australia’ scoal output isprojected to declinesignificantly relativeto business-
as-usual. Thisisduemainly to aprojected reductionin Australian coal exports
to other Annex | countries, such as Japan, which reduce coal use with the
adoption of emission abatement policies. The impact of reduced demand by
Annex | regions on Australian cod exportsis ameliorated to some extent by
increased demand for cod by somenon-Annex | regions(particularly in Asia).
This occurs through the carbon |eakage effect (see chapter 4).

Output for the Australian chemicals, rubber and plastic sector is projected
to increase by around 13 per cent relative to business-as-usua at 2010. The
Australian chemicals, rubber and plastic sector is relatively less emission
intensive than the chemicals, rubber and plastic sectors in other Annex |
countries. The adoption of emission abatement actions throughout Annex |
regions therefore provides the Australian chemicals, rubber and plastic
industry with acompetitive advantage, leading to a projected increase in its
exports and output.

Australian manufacturing, agricultural and processed agricultural produc-
tion is projected to rise relative to business-as-usual. These sectors absorb
labour and capital resources released from the mining and fossil fuel
intensive manufacturing sectors.
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New Zealand sectoral output

InNew Zealand, iron and steel, nonferrous metal sand chemicals, rubber and
plastic output are al projected to decrease as a result of the emission
abatement action (figure 15). However, the extent of the reduction in iron
and steel production is ameliorated to some extent due to the significant
projected potential for New Zealand to adopt electric arc production
technologies which are significantly less emission intensive than blast
furnace technologies.

There is a projected increase in the manufacturing, agricultural and
processed agricultural industriesas, over time, they absorb labour and capital
resources rel eased from energy intensive production.

US sectoral output

The sectoral effects of the less stringent emission abatement action for the
United States are presented in figure 16. The output of each of the fossil fuel
intensive sectors in the United States is projected to decline relative to
business-as-usual at 2010. This includes a relatively significant declinein
iron and steel, and chemicals, rubber and plastic production.

Coadl, il and gas production in the United Statesis also projected to decline
significantly relative to business-as-usual. This is due to a decline in the
domestic demand for fossil fuels as emission abatement policies discourage
their use.

15 Change in New Zealand sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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16 Change in US sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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Output in the services sector is projected to increase rel ative to business-as-
usual by a small amount as it absorbs labour resources released from the
energy intensive and manufacturing sectors. However, it isimportant to note
that the services sector accounts for over half the US economy. Therefore,
even small increases in projected output in this sector have distinct positive
effects on aggregate output.

Canadian sectoral output

The sectoral effects of the less stringent emission abatement action for
Canada are presented in figure 17. The output of the chemicals, rubber and
plastic and iron and steel industries in Canada are projected to decline
relative to business-as-usual at 2010.

Coal, oil and gas production in Canada are also projected to decline
significantly relativeto business-as-usual asthe Annex | emission abatement
action reducesworld demand for these products. However, el ectricity output
is projected to rise. This is due to the projected expansion of Canadian
exports of hydroelectricity and other renewables based power to the United
States as US electricity costs rise relatively significantly owing to US
emission abatement action.

The emission abatement action is projected to have a small positive effect
on Canadian nonferrous metals production. Canada uses hydro power to
generate a significant proportion of its electricity. As such, costs to the
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17 Change in Canadian sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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Canadian nonferrous metals industry are not affected significantly by the
emission abatement action. As a result this industry gains a competitive
advantage relative to nonferrous metals industries in other Annex |
countries.

Canadian manufacturing and processed agricultural production are also
projected to rise relative to business-as-usual. Asin Australia, these sectors
absorb labour and capital resources released from the mining and fossil fuel
intensive manufacturing sectors over time.

Japanese sectoral output

Japanese output of iron and steel is projected to fall significantly relativeto
business-as-usua projections (figure 18). There are also large reductionsin
the outputs of arange of fossil fuel intensive sectors including nonferrous
metals, and chemicals, rubber and plastic.

Importantly, there is a large reduction in less fossil fuel intensive manu-
facturing output relative to business-as-usual in Japan. Owing to the
magnitude of the Japanese marginal cost of abatement, the Japanese
manufacturing sector experiencesamajor 10ssin competitiveness compared
with manufacturing sectors in other Annex | regions and in non-Annex |
regions such as China, South Korea and Chinese Taipei that are not
undertaking abatement actions.
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18 Change in Japanese sectoral oqtpyt at 2010 relative to
business-as-usual Less stringent scenario
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Labour resources released from the more energy intensive sectors are
absorbed in the services and agricultura sectors.

EU sectoral output

The sectoral effects of the less stringent emission abatement action for the
European Union are presented in figure 19. Production of iron and steel and
nonferrous metals are estimated to fall relative to business-as-usual as the
uniform emission target leads to a reduction in competitiveness for those
industries.

19 Change in EU sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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However, EU production of chemicals, rubber and plastics projected to
increase by around 2.9 per cent relative to business-as-usua at 2010. The
chemicals, rubber and plastic sector in the European Union isrelatively less
emission intensive than the chemicals, rubber and plastic sectors in other
Annex | countries. The adoption of emission abatement actions throughout
Annex | regionstherefore providesthe European Union’s chemicals, rubber
and plastic sector with a competitive advantage, leading to a projected
increase in output. This is a significant result that benefits the European
Union at an increasing rate over the period of the simulation as this sector
earns over 10 per cent of that region’s export revenue.

Coal and ail production in the European Union are projected to decline
relative to business-as-usual at 2010. However, gas output is projected to
rise slightly. The gas industry in the European Union benefits from
substitution toward it in el ectricity production. Further, some natural gasis
used in the production of chemicals, rubber and plastic and therefore
experiences an increase in demand as a consequence of emission abatement
actionsin Annex | regions. Thereductionin coal output, although large, does
not contribute significantly to the loss in gross domestic product for the
European Union. Thisis because alarge proportion of coal produced in the
European Union is heavily subsidised. A move of resources out of coal
production into more efficient uses can confer some benefit on the economy.

EFTA sectoral output

The sectora effects of the less stringent emission abatement action for the
European Free Trade Association are presented in figure 20. The output of
chemicals, rubber and plastic, iron and steel and nonferrous metals are
projected to increase relative to business-as-usual at 2020. These sectorsare
relatively less emission intensive than in most other Annex | countries,
resulting in projected increases in exports and output. In particular, the
increase in iron and steel production is aided by the significant projected
scope for EFTA countries to adopt electric arc technologies. The expansion
of output in these sectors contributes significantly to EFTA's increase in
gross domestic product compared with business-as-usual.

Oil and gas production in the European Free Trade A ssociation are projected
to declinesignificantly relative to business-as-usual, in linewith reductionsin
world demand for these fuels (see chapter 4). In particular, a projected
increase in gas exports to the European Union relative to business-as-usual
is more than offset by reduced exports to other destinations and a fall in
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20 Change in EFTA sectoral output at 2010 relative to
business-as-usual Less stringent scenario
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domestic use (see appendix D). These reductions will affect Norway most
significantly owing to its heavy reliance on these industries for exports and
their contribution to total gross domestic product (see appendix C).

Eastern Europe and FSU sectoral output

The sectoral effects of the less stringent emission abatement action for the
Former Soviet Union and Eastern Europe are presented in figure 21. When
considering these sectoral resultsit isimportant to take into account that the
marginal abatement cost projected for this region is the lowest among
Annex | regions. This allows the Eastern Europe and Former Soviet Union
grouping to gain a competitive advantage over other Annex | regionsin the
production of arange of products, including nonferrous metals and iron and
steel. Thisis despite the projection that energy to output conversion ratesin
thisregion will remain below levelsin Annex | countries over the projection
period.

Fossil fuel output in the Former Soviet Union and Eastern Europe is
projected to decline relative to business-as-usua at 2010 as world demand
falls. There is, however, considerable absorption of labour and capital
resources released from fossil fuel and somefossil fuel intensive production
activities into the services, manufacturing, agricultural and processed
agricultural sectors, which leadsto increased output relative to business-as-
usual.
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2 1 Change in FSU and Eastern Europe sectoral output at 2010
relative to business-as-usual Less stringent scenario

Services

Manufacturing

Capital goods

Processed agriculture
Agyriculture

Electricity

Fabricated metals
Nonferrous metals

Iron and steel

Nonmetallic mineral products
Chemicals, rubber and plastics
Petroleum and coal products
Other minerals

Gas

Qil

Coal

-30 256 -20 -15 -10

l
o
2
o
o

Trade related impacts of emission abatement

While the GDP losses shown in figure 13 are closely correlated with the
GNE costs associated with the uniform emission abatement targets, thereare
differences that relate to the impacts of emission abatement on the capacity
of an economy to benefit from trade (see chapter 4). The contribution of the
trade related impact to the change in GNE is the difference between
percentage changein real GNE and percentage change in real GDP relative
to business-as-usual. The contributions of the trade related impacts under
thetwo scenariosat 2010 areshowninfigure22. A positivenumber indicates
that trade related impacts have made a positive contribution to the GNE
change while a negative number implies an adverse trade effect. Negative
trade effects are large for Australia, New Zealand and the European Free
Trade Association.

Thedirection of thetraderel atedimpact on GNE dependsontwo key factors.
First, changes to income and import prices will affect the ability of aregion
to purchase imports on international markets. An indicator of the afford-
ability of importsistheratio of incometoimport prices. A fall inthismeasure
relative to business-as-usual will contribute to a reduction in a region’'s
ability to purchase imports. All other things being equal, thiswill lead to a
trade related lossin GNE.

The second factor affecting the direction of the trade related impact on GNE
is the rate at which exports can be exchanged for imported goods. Thisis
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measured as the ratio of export prices to import prices for aregion and is
known asthe ‘terms of trade’. A decrease in theterms of trade s, in effect,
adevaluation of the unit value of exported commaodities and will lead to a
trade related loss in GNE, all other things being equal.

Infigure 23, the changesin import affordability and the terms of trade under
the less stringent scenario at 2010 have been plotted against each other.
Australiaand New Zealand face reductionsin import affordability and terms
of trade (lower left hand quadrant of figure 23), leading unambiguously to
trade related losses in 2010 under the less stringent scenario.

Australia’s reliance on fossil fuel and fossil fuel intensive exports means
national and international emission abatement policies will lead to a
relatively more significant decline in export revenues, and hence national
income. This reduces Australia’s capacity to purchase imports. Also,
declines in fossil fuel export prices contribute to the reduced purchasing
power of Australian exports.

New Zealand imports most of its fossil fuel intensive manufactures. The
import prices of these manufacturesfrom countries such as Japan rise owing
to increased costs associated with emission abatement in those countries.
Thisrise in import prices, combined with afall in the purchasing power of
exports leads to atrade related loss for New Zealand.

For the European Union, the positive trade impacts on GNE arise dueto a
growing competitive advantage and income from the chemicals, rubber and
plastic sector.
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23 Change in import affordability and terms of trade at 2010 relative
to business-as-usual Annex | regions, less stringent scenario
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In Canada's case thereisasmall increase in import affordability principally
as aresult of increased export revenues from renewables based electricity
exports to the United States and increased nonferrous metals production.
However, the terms of trade decline owing to an increase in import prices
and reductions in the export prices of petroleum and coal products. On
balance the terms of trade decline dominates the small improvement in
import affordability, leading to an overall trade related lossin GNE.

Traderelated lossesin EFTA arealso closely related to fallsin export returns
and fossil fuels for Norway. For the United States an improvement in its
terms of trade results from an improvement in the competitiveness of some
of itsindustries over Annex | competitors. This gain occurs because the US
marginal abatement cost does not rise to the same extent as that for other
Annex | countries such as Japan. On balance, however, the reduction in
import affordability resulting from reduced overall levels of income leads
to asmall trade related lossin GNE.

The Eastern European and Former Soviet Union grouping receives an
unambiguous trade related improvement as both the terms of trade and
affordability of importsrise. Increasesin import affordability are driven by
increased income from exports of energy intensive products owing to the
gain in competitiveness in these sectors experienced by the region (see
previoussection). At thesametime, fallsinfossil fuel export pricesareoffset
by increased prices for exports of energy intensive products leading to
improved terms of trade.
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Economic impacts on non-Annex |
regions

A key factor driving economic growth in non-Annex | countries is the
increased integration of those countries into the global economy through
trade and investment linkages. These linkages arelikely to be affected when
Annex | countries undertake emission abatement with consequent impacts
ontheir grossnationa expenditure. The effects of emission abatement under-
takenin Annex | regionson non-Annex | regionsareexamined inthischapter.

Asin chapter 5, the detailed explanation of results focuses on the impacts
of the less stringent emission policies at 2010.

The economic costs and benefits

A summary of the economic costs for non-Annex | countriesis presented in
figure 24. South Korea and China are projected to experience economic
benefits under both emission reduction scenarios while other non-Annex |
regions are projected to experience economic costs. It should be noted that the
pattern of resultsfromtherest of ASEAN regionissimilar tothat for Indonesia.

Impacts on trade and investment are key determinants of the economic
impacts of Annex | abatement policies on non-Annex | regions. There are
four waysinwhich Annex | emission abatement policies affect non-Annex |
countries adversely.

2 4 Net present value of GNE changes due to uniform emission
reduction, 2000-2020 Non-Annex | regions
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First, the increased costs of production in Annex | countries (resulting
from their efforts to restrict emissions) are passed on to consumers of
Annex | products, including those in non-Annex | regions. For example,
the price of Japaneseiron and steel sold to Indonesiarises, resulting in an
adverse economic impact on Indonesian industry and consumers.

Second, fossil fuel exporters among the non-Annex | countries face a
reduction in export demand from Annex | countries, as demand by these
countries for fossil fuels declines. This contributes negatively to total
output, with adverse implications for income and expenditure.

Third, exportersin non-Annex | regions face an overall declinein export
demand as income growth in Annex | regions declines as a result of
emission abatement actions, again with adverse implications for income
and expenditure.

Finally, many non-Annex | regions rely heavily on capital from Annex |
regions to fund their investment. Given the adverse economic impacts of
emission abatement on Annex | regions (discussed earlier) the total
amount of funds available globally for investment is likely to shrink
resulting in adverse economic impacts in non-Annex | regions.

On the positive side, importers of fossil fuel in non-Annex | regions will
benefit from the fall in the world prices of fossil fuels. Further, developing
countries are likely to benefit from the phenomenon of carbon leakage or,
more particularly, from their increased competitiveness in emissions
intensive production processes relative to Annex | countries. In this context
it is important to note that emission levels are projected to increase above
business-as-usual levelsin all non-Annex | regions (figure 25), reflecting a

Non-Annex | regions, less stringent scenario
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26 Net exports from non-Annex | regions to Annex | regions as a
percentage of total exports, 1992
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shift in fossil fuel intensive industrial production from Annex | to non-
Annex | regions.

For non-Annex | regions the nature and extent of trade linkages with Annex
| regions are important determinants of the economic impacts of emission
abatement on them. A summary of the net tradeinfossil fuelsand fossil fuel
intensive products between non-Annex | and Annex | regions from the base
datais presented in figure 26.

South Korea exhibits a pattern of trade with Annex | regions that is likely
to result in economic benefits when Annex | regions undertake emission
abatement. South Korea is a net exporter of fossil fuel intensive products
(mainly iron and steel) to Annex | regions. When Annex | regions undertake
emission abatement, South Korean producers gain a competitive advantage
in these markets. The increase in exports of fossil fuel intensive manufac-
tures to Annex | regions, coupled with the rising world price of these
products, contributesto anincreasein South Korea' sexport earnings. Lower
import prices of fossil fuels benefit South Korean consumers and further
contribute to the increased competitiveness of South Korea's fossil fuel
intensive production sector.

Countries such as Mexico and Indonesia are projected to experience GNE
losses from emission abatement undertaken in Annex | regions. These
regionsexhibit atrade pattern with Annex | regionsthat isthereverse of that
of South Korea. Mexico and Indonesiaexport fossil fuelsto Annex | regions
and therefore experience adeclinein export demand for these commodities.
Further, the declining world price of these commodities contributes to a
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decline in export earnings. These countries are also net importers of fossil
fuel intensive manufactures from Annex | regions, the prices of which rise
due to the emission abatement efforts in Annex | regions. These price
increases are passed on to consumers in Mexico and Indonesia, further
contributing to the economic costs experienced by them.

China is projected to experience a GNE gain from emission abatement
undertaken in Annex | regions. It is a net exporter of both fossil fuels and
fossil fuel intensive products to Annex | regions. In China's case, the small
negative impacts of reduced fossil fuel exportsto Annex | regions are more
than offset by the positive impacts of increased exports of fossil fuel
intensive productsto Annex | regions.

The Rest of theworld region, like China, isanet exporter of both fossil fuels
and fossil fuel intensive productsto Annex | regions. The Rest of the world
includesthe OPEC countries, which export oil to Annex | regions, and South
Africawhich isamajor exporter of coal. The net exports of fossil fuels are
a more significant component of this region’s trade structure than the net
exports of fossil fuel intensive products. In this case, the negative economic
impacts of reduced fossil fuel exports to Annex | countries outweigh the
positive impact from increased fossil fuel intensive products under carbon
leakage resulting in alossin GNE.

India and Brazil exhibit the same basic trade patterns as South Korea and
would be expected to experience an economic benefit from emission
abatement in Annex | regions. However, an overriding factor in determining
the extent of the economic impact of emission reductions in Annex |
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countries on non-Annex | regionsis the extent to which trade contributes to
economic activity. In these two regions, exports contribute around 10 per
cent of GDP as opposed to South K oreawhere exports contribute around 28
per cent of GDP (figure 27). For Brazil and India the positive trade effects
are outweighed by the negative investment effects. First, the availability of
capital is reduced as income in Annex | countries falls. Second, India and
Brazil faceincreased import pricesfor capital goods, such asmachinery and
transport equipment from Annex | countries, the purchases of which are key
factorsin promoting growth in these developing countries.

| mpacts on production

Theimplementation of emission abatement policies by Annex | countriesis
projected to affect sectoral production in non-Annex | countries. These
production changes are in response to increased world prices for fossil fuel
intensive commodities and lower pricesfor fossil fuels asaresult of Annex
| countries shifting production away from fossil fuel intensive goodsto meet
emission targets. The impacts on sectoral output reveal a more detailed
picture of the implications of the emission abatement policiesfor economic
costs and benefits in different non-Annex | regions.

Fossil fuel intensive industries

Production of fossil fuel intensive manufactures in non-Annex | countries
is likely to increase as the world price of fossil fuel intensive products
increases (figure 28). The increases in world prices for these products are
a so correlated with their emission intensity at the global level. Of the fossil
fuel intensive products con-
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intensive products in non-Annex | regions depend mainly on two related
factors: first, the export orientation of fossil fuel intensive production of a
particular non-Annex | region, and second, the extent to which fossil fuel
intensive manufacturers in that non-Annex | region are competing with
Annex | manufacturers.

This is illustrated most clearly for iron and steel production which is
projected to increase in al the non-Annex | regions as aresult of emission
abatement action undertaken in Annex | regions (figure 29). The largest
increaseisprojected to bein South Korea (29.4 per cent relativeto business-
as-usual at 2010). Thisis because South Koreais a significant net exporter
of iron and steel and has sufficient capital infrastructure in place to take
advantage of the increased export demand. South Korean iron and steel
producers compete with Japanese producers in many export markets. For
example, one-third of iron and steel exports from South Korea are destined
for Japan. As Japan undertakes emission abatement, South Korean iron and
stedl products gain a competitive advantage over Japanese production. Asa
result, thereisanincreasein the demand for, and price of, South Koreaniron
and steel in Japan, contributing to a large increase in output with positive
effects on South Korean gross domestic product, income and expenditure.

The projected increasesin output of the chemicals, rubber and plastic sector
are presented in figure 30. Indonesiais projected to increase production of
chemicals, rubber and plastic by 24.0 per cent as, mainly Japanese, con-
sumers substitute toward the relatively less expensive Indonesian product.
On the other hand, in Brazil, a relatively low export orientation results in
output of chemicals, rubber and plastic increasing by only 3.7 per cent.

29 Change in iron and steel output at 2010 relative to
business-as-usual Non-Annex | regions, less stringent scenario
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30 Change in chemicails, rubber and plastics output at 2010 relative to
business-as-usual Non-Annex | regions, less stringent scenario
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Production of nonferrous metalsin non-Annex | regionsis also expected to
increase as Annex | regions reduce emissions (figure 31). Output of
nonferrous metalsis projected to increase in Indonesia, Chinese Taipei and
China by 6.4 per cent, 5.7 per cent and 2.2 per cent respectively relative to
business-as-usual. Differences in projected output increases reflect
differences in trading patterns. For instance, Indonesia and Chinese Taipe
export nonferrous metal s to Japan, where acompetitive advantage is gained
over the domestically produced Japanese product and nonferrous metals
from Annex | countries such as Australia. China exports 83 per cent of
nonferrous metalsto non-Annex | countries, and as aresult it does not gain
a significant competitive advantage over outputs produced in its export
markets. Consequently, the projected increase in nonferrous metal output is
lower for Chinathan for Indonesia and Chinese Taipei.

3 1 Change in nonferrous metals output at 2010 relative to
business-as-usual Non-Annex | regions, less stringent scenario

N W N OO0 N

South  China  Chinese Indonesia India  Mexico  Brozil Rest
Korea Taipei of world

62 ABARE research report 97.4



Fossil fuels Change in coal output at 2010

relative to business-as-usual
Non-Annex |, less stringent scenario
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decline in export demand but
domestic demand for coal,
from the iron and stedl sector, for example, is projected to rise in response
to higher production. The net result of these countervailing influencesis a
projected decline in coa output in Indonesia and the Rest of the world of
29.9 per cent and 8.6 per cent respectively relative to business-as-usua at
2010 (figure 32).
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Exporters of oil to Annex | regions such as Mexico, Indonesia and the Rest
of the world are projected to experience a decline in export demand and
output (figure 33).

A large proportion of gas exports from Indonesia, Mexico and Rest of the
world go to Annex | countries. However, the Rest of the world is projected
to experience an increase in gas production because of an increasein export
demand from the European Union and increased domestic demand in
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3 4 Change in gas output at 2010 response _to carbon Ieak'c_xge
relative to business-as-usual effects (figure 34). Unlike

Non-Annex |, less stringent scenario most other Annex | coun-
tries, the European Unionis
projected to increase its
imports of gas to generate

% - electricity (see appendix D).

Indonesia and Mexico do

-2 not export gas to the Euro-

-3 pean Union. Rather, gas

4 exports from these regions

are projected to be destined

Indonesia Mexico  Rest of world for Annex | regions that are

reducing their gas demand,
such as, Japan and the United States. Consequently, gas output in Indonesia
and Mexico is projected to fall by 1.1 per cent and 4.9 per cent relative to

business-as-usua at 2010.

The majority of non-Annex | regions are projected to experience economic
costs when Annex | countries act to abate emissions. These economic costs
would be likely to increase if non-Annex | countries were to undertake
emission abatement themselves. A tradable quotas scheme, with the initial
alocation of quota designed to ameliorate the impacts of participation in
emission abatement activities, would encourage non-Annex | countries to
join an international emission abatement action. Issues relating to tradable
quotas and the potential for initial quota allocations to affect the
attractiveness of entry to the international emission abatement process are
discussed in the following chapter.
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Tradable quotas

During the past decade solutions to environmental problems requiring
government regulation have tended to move away from prescriptivepolicies
toward market based solutions. A tradable quota scheme is a market based
instrument which can be designed to reduce greenhouse gas emissions cost
effectively. The potential for cost savings under a tradable quota scheme
compared with uniform emission abatement policies is explored in this
chapter. The impact on Annex | and non-Annex | regions of adopting a
tradabl e quotas scheme to achieve emission abatement targets is estimated.
The analysis in this chapter also highlights how the initial allocation of
quotas affectsthe distribution of economic costs between Annex | countries.

Tradable quotas have been used to control a number of environmental
problems including water allocation, overfishing, and sulphur dioxide
emissions. A tradable quota regime addresses environmental externalities
by allocating property rights in the form of a quota over the externality, in
thiscase, greenhouse gasemission. The concept of alocating property rights
over production externalities was introduced by Coase (1960) and later
developed into an emissions trading approach to address pollution control
by Dales (1968), Baumol and Oates (1971) and Montgomery (1972).
Emissions trading has been recognised as a potentially superior policy
instrument to domestic stabilisation policies to address greenhouse gas
emissions on the grounds of cost minimisation, environmental certainty and
international equity (Tietenberg 1985; Grubb 1989; Bertram, Stephens and
Wallace 1990; Hinchy and Fisher 1991; and Fisher et a. 1996).

In a tradable quota system, an environmental goal is set determining the
number of quotasto be issued and emitters are required to hold a certificate
or quotafor each unit of emissions (Mullinsand Baron 1997). If participants
have quotas they cannot use profitably, they can sell them to other
participants who need extra quotas to cover excess emissions reguirements
(above their limit). Through trading, a market price for the quota emerges,
egual to the marginal cost of pollution reduction in the regionsincluded in
the trading regime. Schemes where it may be possible to ‘bank’ unused
quotas for future use have also been proposed.
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Under a greenhouse gas emissions trading system, an initial allocation of
emission quotas would have to be negotiated among the international
community. Countries would then allocate these quotas domestically and
they could be traded both domestically and internationally.

Potential benefits of atradable quota scheme

Cost minimisation

Strategies that impose smaller economic costs on the international
community, and which lead to outcomesthat are perceived toinvolveamore
equitable sharing of these costs, are much more likely to lead to effective
global efforts to limit emissions than strategies that impose high costs on
amost al countries (ABARE and DFAT 1995). A tradable quota scheme
has the potential to allow carbon dioxide emissions to be reduced by the
same amount as uniform abatement policies, but at lower cost to the
international community.

The cost of reducing emissions varies greatly between countries. Therefore,
the total cost of emission abatement to the global community depends on
where emission reductionstake place. Under auniform abatement approach,
countries fulfil emission targets by undertaking all emission reductions
domestically regardlessof cost. Under atradabl e quotaapproach, the process
of trade would lead to increased abatement in countries where initial abate-
ment costs are low and reduced abatement in countries where initial abate-
ment costs are high. This would reduce the total cost of compliance for a
given emissions target as emission reductions would be transferred from
countrieswith high costs of abatement (prior to emissionstrade) to countries
with lower costs of abatement (prior to emissions trade). A tradable quota
scheme is well suited to addressing the climate change problem as
greenhouse gasestendto berelatively well mixed inthe atmosphere, making
it unimportant where the emission reduction takes place.

Thetotal cost of abatement isminimised from aglobal perspective whenthe
incremental (marginal) costs of emission abatement across emission sources
are equalised. Under a quota scheme, a profit maximising emission source
will reduce emissions to the point where it would be indifferent between
incurring the costs required to reduce its emissions by a further unit (its
marginal emission abatement cost) and paying the price for a quota for the
right to emit an additional unit. Similar behaviour by all emitterswill ensure
that the marginal costs of emission abatement acrossall sources are equated
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with the price of a quota. Thus, a tradable quota scheme provides a market
based method of minimising the total costs of abatement. But, there are a
number of factors which could constrain the cost effectiveness of atradable
guota scheme. These are discussed in alater section.

Environmental certainty

Assuming that monitoring and enforcement prevent any unauthorised
emissions, a tradable quota scheme can provide certainty in achieving an
environmental objective as the number of quotas issued is equal to the
abatement target. Under a taxation approach, authorities will not know
exactly what emitters’ marginal costs of reducing emissions are, so some
experimentation will be needed to find the level at which a tax must be set
to produce a given level of emission reduction (Hinchy, Thorpe and Fisher
1993). The advantage of using taxation to control emission levelsisthat the
costs of complying to an abatement target can be calculated, whereas the
cost of complying under atradabl e quotas scheme dependson the quotaprice
which emerges through trade.

Under full certainty of the costs and benefits of meeting an abatement target
the same cost minimising result could be achieved by an optimally selected
tax as under a tradable quota scheme. However, given the scientific and
economic uncertainty surrounding the climate change problem, these costs
and benefits are uncertain. Under these conditions of uncertainty the
appropriate choice of instrument will depend on the steepness of the
marginal benefits and cost curves and the correlation between uncertainty
about benefits and costs (Weitzman 1974; Stavins 1996). If the policy goal
isto meet a particular emission target, then tradable quotas or an equivalent
quantity based instrument will be preferred, insofar as they can guarantee
that the emission target is met (Fisher et a. 1996).

International equity

Anemission quotais an asset (assuming that the overall quota on emissions
represents a binding commitment) and so theinitial alocation of quotas has
the potential to redistribute wealth between and within countries. It isthere-
fore possible to meet various equity goas by atering the initial allocation
of quotas. Allocation issues, including those related to fairness and re-
distribution of wealth, are often considered to be the most controversial part
of an emission trading system (Mullins and Baron 1997).
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Quotas could be alocated to meet the equity goals of Annex | countries and
non-Annex | countries and many possible allocation rules have been
proposed. Annex | countries face different costs of abatement and differ in
their contribution to the atmospheric concentration of greenhouse gases. The
initial allocation of quotas could be made to reflect these differencesin cost
and contribution (Hanslow, Hinchy and Fisher 1996). Quotas could also be
used in the future to compensate non-Annex | countries for their effortsin
emissions abatement. Although non-Annex | countries have made no
commitment under the FCCC to reduce emissions, they could be encouraged
to undertake emission abatement in the future through a tradable quota
scheme. Non-Annex | (developing) countries could receive side payments
in the form of an excess allocation of quotas, compensating them for their
actions in emissions abatement. The sale of excess quotas could lead to a
balance of payments surplus, allowing non-Annex | countries to increase
imports and expenditure.

It has been argued that this reall ocation of quotas could result in non-Annex
| countries suffering alossin the competitiveness of traditional exports due
to an appreciation of their exchange rates (McKibbin and Wilcoxen 1997).
On the other hand, Hinchy and Fisher (1997), note that the basic issue is
whether a country gains from these side payments rather than whether its
export pattern changes.

Risk management

The scientific uncertainty surrounding the climate change problem means
that the magnitude of future abatement commitments needed to address the
problemisalso uncertain. Thisuncertainty confers some degree of risk upon
industries producing emissions and industries involved in the development
of emission reducing technologies. A tradable quota scheme can be used to
address the problem of risk asit can stimulate the development of a futures
market in emission quotas (Epstein and Gupta 1990; Hinchy, Thorpe and
Fisher 1993; Fisher et a. 1996). Forward or futures markets for emission
quotas could be used as a risk management tool as they provide an avenue
for spreading risks, hedging and collecting future price estimates (Fisher,
Hinchy and Thorpe 1996; Laffont and Tirole 1996) and increase the
incentive to invest in developing abatement technol ogy.

The risk involved in investing in emission producing industries could be
spread between asset holders and speculators in a futures market. A futures
market would provide hedging opportunities by allowing companies which
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needto planfor future emission reductionstolock into apricefor theemission
quotas now and by allowing technology development companies access to
hedge against research failure. The futures price of an emission quota could
reduce uncertainty and risk by providing asummary statistic of expectations
about directions in public policy and progress in developing emissions
reducing technology. The possibility of a futures market in greenhouse
emission quotas is highlighted by the establishment of a futures market in
sulphur dioxide emissions permits on the Chicago Futures Exchange.

Limitations of atradable quota scheme

The aim of a tradable gquotas scheme is to establish a trading market in
greenhouse gas emissions. How cost effectively tradable quotas can reduce
emissionswill depend onthelevel of confidence in the market, the structure
and size of the market and the magnitude of market transaction costs.

Mar ket confidence

Fundamental to the establishment of atradable quotas schemeis confidence
in the economic value of an emissions quota. Establishing confidencewould
require the adoption of an international emission target and domestic
compliance procedures to ensure that countries shares of this target, net of
any trade in permits, are realised. Without emission limits or strict comp-
liance mechanismsin place therewould be no incentiveto trade. Monitoring
and enforcement procedures would have to be designed to hold the
probability of violating emission restrictions at a level which does not
undermine the market value of quotas. The need for tradable gquotas to be
enforceable is one of the most important characteristics of property rights
(Thampapillai 1991).

Structure and size of the mar ket

The competitiveness and size of atradable quotas market will influence the
cost effectiveness and equity of the scheme. In acompetitive market, where
no participant has the ability to influence prices, regardless of the initial
alocation of quotas, the outcome will be cost minimising.

When some participants have significant market power they may be able to
influence the price of aquotain the short term. Market power could arisein
the form of a few large buyers of emission quotas, a few large sellers of
guotas, or afew participants that dominate the market through the size of
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their quotas holdings (Mullins and Baron 1997). Hahn (1984) demonstrates
that in a market where one or more participants have significant market
power, the market isunlikely to be efficient. Hinchy and Fisher (1991) show
that under some non-competitive situations, atradable quotas scheme could
actually produce an economic loss. These caveats do not hold only under
situations of market power in the quota market. The cost minimising
propertiesof agreenhouse gas emission quotaschemeareal so reduced when
emitters hold significant power in product markets (Malueg 1990).

In non-competitive markets, the initial allocation of quotas can have major
equity implications (van Egteren and Weber 1996). If international nego-
tiations were to allocate quotas on an historical basis, it islikely that certain
countrieswould have significant market power in thetradable quotascheme.
Therefore, it is important that market competitiveness is secured either
through adistribution of theinitial allocation of quotasor by rulesgoverning
the size and number of participants in the quota market. The efficiency loss
due to market imperfections may tend to increase the greater the difference
between theinitial andfinal allocation of quotasafter trade (Westskog 1996).

One way to curb the market power of larger countries would be to require
that emission sources of a given size within such countries, rather than the
countries themselves, trade in the international market (ABARE and DFAT
1995). The aim would beto ensure that there are a sufficiently large number
of emission sources competing for quotas to approach the competitive
outcome. Emission sources from a given country operating in the quota
market may attempt to collude to exercise market power. Given that the
difficulty of colluding increases with the number of parties involved, the
solution would be to ensure that a sufficiently large number of emission
sources operate in the market for the larger countries. Of course, such a
solution would apply only if atradable quota scheme operated at both the
international and domestic level.

Transaction costs

Transaction costs in a tradable quotas market are costs incurred by market
participants in buying and selling quotas and the costs to the international
community in establishing and monitoring a tradable quota market. The
magnitude of these costswill affect the cost effectiveness of aquota scheme.

The types of transaction costs incurred in a quota system include the costs
of finding partners to trade, the costs of negotiating a trading agreement,
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approval costs and the insurance costs associated with the uncertainty of
completing a trade (Mullins and Baron 1997). Costs incurred from
monitoring, verifying emission abatement and costs of enforcing non-
compliance penalties will be present regardless of which palicy instrument
is used to address the climate change problem.

Many of these transaction costs could be minimised through the establish-
ment of private quota exchange markets or by an international agency
established under the FCCC (Stewart, Weiner and Sands 1996). Private
sector exchanges, brokers and traders could be developed, reducing these
costs substantially as they benefit from economies of scalein the collection
of information and trading

Evidence from other schemes

To date there has been more experience with domestic quota schemes than
international tradable quota schemes. Although international trade in ozone
depleting substance permits has taken place under the Montreal Protocol,
trading has been very limited.” The most el aborate domestic trading scheme
to dateisthe sulphur dioxide alowancetrading program in the United States
(box 4). Even though the Environmental Protection Agency auctions a
reserve of sulphur dioxide emissions each year, the market for sulphur
dioxide has been quite illiquid with turnover at about 10 per cent of total
stock. Market illiquidity hasbeen acharacteristic of domestic quotaschemes
in general, with less trade in quotas occurring than would be expected in a
competitive market. Nevertheless, the overall assessment is that these
schemes usually have resulted in substantial cost savings over a purely
regulatory approach (Harper 1994).

Under an international trading system, it would be expected that market
liquidity would improve as more participants in the quota market would
increase the number of trades. Thisincreased number of market participants
may increase the size of transaction costs. However, increased market
participation may also produce scal e economiesin the provision of acentral
information and trading agency, partially offsetting these costs.

Unlike domestic schemes, an international trading scheme would haveto be
established and operated under international law. Although this would
require agreement over new international laws, Stewart, Wiener and Sands

7 Between 1989 and 1995 about 40 trades were made between United States companies and
companiesin other countries ( Mullins and Baron 1997).
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Box 4: Sulphur dioxide trading in the United States

To address the problem of acid rain in the United States, a limit was placed on the
sulphur dioxide emissions® of electricity generating utilities in order to achieve a 10
million ton ayear reduction in sulphur dioxide emissionsfrom 1980 levelsby the year
2000 (Joskow and Schmalensee 1996). To facilitate this goal, a system of tradable
emission allowances was introduced. Allowances are equivalent to one ton of sulphur
dioxide and can be used for the year of issue or future years. The allocation of
alowancesishased onthe utilities historical fuel consumption and aspecific emissions
rate (Environmental Protection Agency 1997a). However, there has been a
differentiated allocation of extra allowances to address the special circumstances of
particular utilities (Joskow and Schmalensee 1996).These allowances may be bought
and sold between electricity utilities, brokers and environmental groups. Electricity
utilities trade in order to reduce the costs of current and future abatement, brokers
speculate on allowance prices and environmental groups trade to accelerate the
abatement process by retiring allowances early. Allowances may be banked for usein
the future but they cannot be borrowed from future time periods. At the end of the
trading year, the Environmental Protection Agency reconciles actual emissions with
utility holdingsof allowancesto emit and there are strong penaltiesfor noncompliance.

The schemeis being phased in to cover sulphur dioxide emissions from all electricity
utilities. Phase | (1995-1999) caps the emissions of the 261 dirtiest electricity
generating units® and Phase 11, which beginsin the year 2000, appliesto all generating
units. At the end of 1995, the first year of the scheme, the sulphur dioxide emissions
of Phase| affected utilitieswere 5.3 million tons, a5.4 million ton reduction from 1985
levels. Further, sulphur dioxide emissions were reduced by almost 40 per cent below
therequiredlevel of 8.7 milliontons(Environmental Protection Agency 1997b). While
tradable allowances have increased flexibility for utilitiesin deciding where and when
to take emissions abatement and have reduced transaction costs of compliance, other
factors have influenced the magnitude of the emissions reduction. In particular, it has
been argued that the main factor in explaining sulphur dioxide reductions has been the
deregulation of railways in the United States, making low sulphur coal more cost
effectiveto usein electricity generation (Ellerman and Montero 1996). Thisunforeseen
cost change has resulted in the overestimation of business-as-usual sulphur emissions
and therefore an overestimation of the cost associated with achieving the emissions
target, explaining why allowance prices are less than predicted.1?

8 The dominant precursor of acid rain in the United Statesis sulphur dioxide from coalfired, and to a
much smaller extent, oil fired power plants (Joskow and Schmal ensee 1996).

9 The scheme islimited to US electricity utilities only. In 1985 electric utilities accounted for about 70
per cent of US sulphur dioxide emissions (Joskow and Schmalensee 1996).

10 Early studies estimated the price of an allowance to be around $300/ton -$500/ton, but at the first
annual auction of permits, it cleared at a price of $131 (Ellerman and Montero 1996) and in January
1997 an allowance cleared for $66.05 (EPA 1997b).
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(1996) argue that these legal issues can in principle be resolved in a
satisfactory manner and do not represent amaterial impediment to establish-
ing a successful pilot trading system. Moving to an international tradable
guota scheme for greenhouse gas emissions raises further issues regarding
the design of the scheme, the timetable under which it operates and its
coverage of emission sources.

Ingtitutional design and the phasing in of a global tradable quota
scheme

If atradable quotaschemeis adopted by theinternational community it would
have to be phased in. In the beginning it is likely that only carbon dioxide
emissionsfrom fossil fuel combustion would betraded asthese emissionsare
easy to measure and verify at least in Annex | countries. It has proven more
difficult to accurately measure other emissions such asmethane, nitrousoxide
and non-fossil fuel sources of carbon dioxide and to measure theimpact sinks
have in sequestering these emissions. As more accurate quantitative data
become available and more experience is gained under a restricted tradable
quotas scheme, trade in all greenhouse gases could take place.

It is aso likely that to begin with, market participation will be limited to
Annex | countries, as they have committed to emission abatement and
aready have detailed greenhouse gas inventories in place and are able to
measure emissions (and emissions reductions) quite accurately. In contrast,
non-Annex | countries have made no such commitment to reduce emissions
and do not have suchinventariesin place. Asnon-Annex | emissionsbecome
easi er to monitor and verify and more experienceisgained under arestricted
tradable quotas schemeiit is likely that such a scheme could be extended to
include trade with non-Annex | countries.

Cost savings would be maximised under a global scheme as the cost of
abatement ismuch lower innon-Annex | countries, thanin Annex | countries
(ABARE and DFAT 1995). Aspreviously mentioned, non-Annex | countries
could be encouraged to join the scheme through side payments transferred
through an appropriately large initial alocation of quotas.

Simulation results

The impacts of using a tradable quota scheme to meet given Annex |
emission abatement targets are assessed in this section. For thispurpose, two
simulations have been selected for analysis:
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« grandfathered tradable quotas: The Annex | region reduces its carbon
dioxide emissionsfrom fossil fuel combustion to 1990 levelsby 2010 and
further reduces emissionsto 10 per cent below 1990 levels by 2020 using
atradable quotas scheme. Theinitial allocation of quotas for each region
is based on its historical level of emissions, in this case 1990 levels at
2010 and 10 per cent below at 2020; and

« differentiated tradable quotas: The Annex | region reduces its carbon
dioxide emissionsfrom fossil fuel combustion to 1990 levelsby 2010 and
further reduces emissionsto 10 per cent below 1990 levels by 2020 using
atradable quotas scheme. Theinitial allocation of quotasisdifferentiated
to produce an equal percentage loss in gross national expenditure for all
Annex | regions as aresult of the abatement effort.

Asinother simulationspresentedinthisreport, thetradable quotasimulation
does not require developing regions to restrict their emissions growth. It is
assumed that there are no impedimentsto competitive trade in the emission
permits.

The results from these simulations are compared with the results obtained
for the less stringent uniform abatement stabilisation policy discussed in
chaptersfour, five and six.

Grandfathered tradable quotas
Global impacts

Globa GNE declines under both tradable quotas™ and uniform abatement
(figure 35). However, thelossin GNE issubstantially lessunder thetradable
quotas scheme than under a policy of uniform abatement. By 2010, global
GNE falls by 0.45 per cent relative to business-as-usual under uniform
abatement (the less stringent case), whereas GNE fallsby only 0.04 per cent
relative to business-as-usua under tradable quotas.

Under a uniform abatement strategy, regions are required to achieve the
entirety of emission reduction targets domestically, regardless of the
abatement cost differential swhich exist between regions. In contrast, the use
of tradable quotas allows emission reductions to take place in the least cost

11 This tradable quotas scenario assumes a grandfathered all ocation of quotas. Theinitial allocation
will affect the distribution of these costs, not the total cost of abatement. Consequently, the estimates
shown in figure 35 also hold for the differentiated tradable quotas scheme.
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35 Change in global GNE over time relative to business-as-usual
under grandfathered tradable quotas and uniform abatement
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locations. This is projected to confer substantial benefit on the global
economy relative to the uniform abatement approach.

Regional impacts

Under apolicy of uniform abatement, both Annex | and non-Annex | regions
experience adecline in aggregate GNE relative to business-as-usual (figure
36). However, under a tradable quota scheme Annex | regions' aggregate
GNE falls by less than it does under uniform abatement and non-Annex |
regions' aggregate GNE increases relative to business-as-usual. For non-
Annex | regionsthisoccursfor three reasons. First, atradable quota scheme
reduces the cost of achieving emission reductions, increasing aggregate
Annex | income relative to uniform abatement levels. This reduces the fall
in demand for non-Annex |

exports. 36 Change in regional GNE at 2010 relative to
business-as-usual under grandfathered
. L. tfradable quotas and uniform abatement
Second, the rise in import

prices faced by many non- 92
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Changein CO,emissionsat 2010 relative
to business-as-usual dueto uniform
stabilisation and tradable quotas

Uniform stabilisation Tradable quotas

% %

Annex | -20.1 -20.1
Non-Annex | 2.7 11
Global -9.3 -10.0

Source: MEGABARE projections.

marginal emission abatement costs under the tradable quotas approach
(discussed later in this section). As a result, production costs in these
countriesdo not rise as significantly asthey would under auniform emission
abatement scheme and hence the prices of the products they sell on
international markets rise by less (on average) than they would under a
tradable quotas scheme.

Third, many non-Annex | regions continue to experience gains from carbon
leakage, although not as high asthose experienced under the uniform targets
approach (see chapter 4 for a discussion of carbon leakage). The results
presented in table 11 imply a carbon leakage rate of 5.1 per cent by 2010
under tradable quotas and 12.1 per cent under uniform abatement. Carbon
leakageislower under the tradabl e quotas scheme because the reduced costs
of achieving the emission target in Annex | regions results in less of their
emission intensive production being transferred to non-Annex | regionsthan
under the uniform emission abatement approach.

Finally, it should be noted that while non-Annex | countries gain in
aggregate, certain countries, especially significant exporters of fossil fuels,
can be expected to incur losses in GNE owing to reduced demand for fossil
fuelsfrom Annex | regions.

Impactsin Annex | regions

The marginal costs of emission abatement in Annex | regions change when
moving from uniform abatement to agrandfathered tradabl e quotas scheme.
Under a grandfathered tradable quota scheme, the marginal costs of
abatement arelower for all Annex | regions, except the Former Soviet Union
and Eastern Europe, than is projected under uniform abatement (figure 37).
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37 Marginal cost of abatement at 2010 under uniform
abatement and grandfathered tradable quotas
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Changes to marginal emission abatement costs affect production costs in
each economy as well as its competitiveness and terms of trade. The
combined impact of these changes will determine the magnitude of gain, if
any, for aregion from the move to a tradable quotas scheme.

Given the initial allocation of quotas, the marginal cost of abatement
projected for the uniform targets approach is equivalent to the pre-trade
marginal cost under the tradable quotas scheme. Because the Former Soviet
Union and Eastern European grouping has alow marginal emission cost of
abatement prior to trading, other Annex | regions have an incentive to
purchase emission permits from it. As this trade proceeds, emission
reduction requirementsfor the other Annex | countries aretransferred to the
Former Soviet Union and Eastern Europe. Consequently, the marginal
emission abatement cost in the Former Soviet Union and Eastern Europe
risesrelative to the pre-trade or uniform target level while the marginal cost
fallsfor theother regions. Ultimately marginal abatement costsare equalised
across Annex | regions with emissions trading.

Emission reductions by the Former Soviet Union and Eastern Europe
increaseto 44 per cent below business-as-usual levelsby theyear 2010 from
only 13 per cent under uniform abatement (figure 38). In contrast, emission
reductionsintherest of the Annex | regionsare smaller under grandfathered
tradable quotas than under uniform abatement. To compensate the Former
Soviet Union and Eastern Europe for taking on the additional abatement,
income is transferred to them from all other Annex | regions (figure 39) in
the form of payments for emission permits.
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under uniform abatement and grandfathered tradable quotas

A11TH

Grandfathered tradable quotas
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38 Change in CO, emissions at 2010 relative to business-as-usual
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Changes in the gross national expenditure of Annex | regions summarise
how the benefits of lower marginal abatement costs, changesin competitive
advantage (terms of trade) and incometransfer effectsimpact on economies.
Results in figure 40 show that impacts on GNE are projected to vary
significantly between Annex | regions under the two approaches.

Compared with the uniform targetsresult, countries such as Japan, Australia
and New Zealand (where marginal abatement costs are projected to be the
highest under uniform targets) experience the greatest benefit from the shift
to grandfathered tradable quotas. Despite gaining from the shift to
grandfathered tradable quotas, Australiaand New Zeal and continueto suffer
large GNE losses relative to other Annex | regions. For example, in
Audtralia, this is due to large trade related losses resulting from reduced
demand for its coal exports. Canada experiences asmall gain in GNE from
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grandfathered tradable quotas
15
12
9
6
3
T ——
" Australic New  United Canada Japan European EFTA  FSU & EE

Zealand States Union

78 ABARE research report 97.4



40 Change in GNE at 2010 relative to business-as-usual
under uniform abatement and grandfathered tradable quotas
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the move to tradable quotas and total emission abatement costs are also
reduced for EFTA and the European Union. The principal source of gain for
theseregionsisthereductionin marginal cost associated with the possibility
of trade in emission permits. These gains are offset to some extent by the
foreign income transfers associated with the purchase of emission quotas
from the Former Soviet Union and European Union. In Japan the substantial
reduction in marginal costs compared with reduction experienced by other
Annex | countries confers a competitive advantage on Japanese industries
over industries in other Annex | countries. This trade related benefit leads
toanimprovement in Japan's GNE rel ative to business-as-usual . The Former
Soviet Union and Eastern Europe also experience again in GNE relative to
business-as-usual. This is because the increase in national income from
payments for emission quotas more than offsets the losses associated with
needing to undertake greater emission abatement.

A key resultisthat the United Statesexperiencesagreater lossin GNE under
the grandfathered approach than under the uniform targets approach. This
occurs for two reasons. First, the United States does not experience as great
areduction in marginal emission abatement costs from the moveto tradable
guotas as do countries such as Japan and New Zealand (seefigure 37). Asa
result, the gainsto fossil fuel using industriesin the United States are not as
great as those for industries in many other Annex | regions. Second, the
significant reduction in marginal emission abatement costs in other Annex
| regions relative to that for the United States reduces the competitiveness
of US industry compared to the situation it faced with uniform targets.
Consequently, the terms of trade (or the rate at which US exports can be
exchanged for imports) declinerelativeto the uniform targets outcome. This
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41 Change in US GDP and terms of

trade at 2010, relative to business-
as-usual under uniform abatement
and grandfathered tradable quotas
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Theresultsin figure 40 showed that a grandfathered tradable quota scheme
would lead to an inequitable distribution of the costs associated with
achieving the Annex | abatement target. Through adifferentiated allocation
of quotasit ispossible to achieve an equitable outcome. The implications of
adifferentiated tradable quota scheme are shown in figure 42.

leads to a substantial trade
related loss in GNE for the
United States that in
combination with the
income outflows associated
with quota purchases (see
figure 39) outweigh any
benefits (in terms of reduced
GDP impacts) from reduced
marginal emission abate-
ment costs (figure 41).

Under the differentiated scheme, the changesto marginal costsand emission
abatement levels are almost identical to those estimated for the
grandfathered scheme (figures 37 and 38). The principle differencein GNE
outcomes for the two schemes is the difference in income transfers
associated with the differing quota allocations. Under the differentiated

uniform abatement and differentiated tradable quotas

42 Change in GNE at 2010 relative to business-as-usual under
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43 Income transfers as a percentage of GNP at 2010
under differentiated tradable quotas
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alocation scheme, countries that experience negative trade related impacts
when marginal emission abatement costs are equalised across regions are
compensated with guotas over and above their requirements in order to
equalise GNE losses across regions.

The income transfers associated with the differentiated quota scheme are
shown infigure 43. The Former Soviet Union and Eastern Europe continues
to receive an income transfer. However, the transfer is smaller than under
the grandfathered scheme. The United Statesreceivesatransfer initsfavour
under the differentiated scheme; however, the size of the transfer issmall as
aproportion of total United States GNP,

A move to a tradable quota regime from a uniform target approach is
estimated to confer substantial cost savings on the global community.
However, in arriving at these results it has been assumed that quota and
product markets are competitive so that no one participant exercises power
in the quota market. The results obtained would be atered if market power
in emission trading existed or if quotas were distributed under another
alocation rule. Projected outcomes would also change with a change in
country participation in the quota market. In particular, without the partici-
pation of the Former Soviet Union, global gains resulting from the moveto
tradable quotas would be significantly lower than those estimated in this
study.
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Kyoto in December — developing good
long term policies

Inthevery long term the United Nations Framework Convention on Climate
Changewill bejudged to have been effective if abalance has been achieved
between the net damages from climate changeitself and the economic costs
imposed as a result of emission abatement and adaptation. One of the
necessary conditions for such abalanceisthat all major emitters are part of
an agreement to reduce emissions. This type of participation will be
encouraged only if emission abatement actions undertaken by signatories
are equitable and least cost.

Results presented in thisreport show that uniform emission reduction targets
implies unequal economic burdens across Annex | countries. The incidence
of that burden changes as the targets become more ambitious, falling more
and more heavily on countries such as Japan, Australia, Norway and New
Zedland. In Japan, this occurs because Japanese industries have aready
taken major steps to improve energy efficiency and reduce fossil fuel use.
Further action to reduce emissions by significant amounts in Japan would
imply further structural adjustment to the Japanese economy, for example,
in the iron and steel industry and manufacturing, which are responsible for
employing a significant proportion of the workforce. Such adjustments
would carry large costs. Inthe case of Australia, which suppliesalargeshare
of the world’'s processed minerals from energy intensive production
processes, emission abatement activities would also entail major structural
adjustment in industry and high economic costs.

A demand for simplicity by some Parties to the convention has led them to
insist on uniform abatement targets. But such an approach carries high costs
and implies inequitable burdens across countries. As such, it does not lay
the long term foundation for an agreement that will be implemented whole-
heartedly, that will provide amechanism for signing on devel oping countries
to undertake future commitments, or that will form the basisfor introduction
of innovative such as tradable emissions quotas.

An emission trading scheme has the potential to be the least cost approach
to meeting the challenge of reducing emissions at the international level.
However, insistence on grandfathered initial allocations regardless of the
special characteristics of different economies or their stage of development
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will not encourage participation in emissions trading schemes over the
longer term. Instead, theinitial allocation of emission permits could be used
to compensate countries (at least to some extent) for the costs of meeting
emission abatement targets, thereby encouraging the participation of new
entrants to the international emission abatement process.

As illustrated in chapter 3, carbon dioxide emissions from fossil fuel
combustion from non-Annex | regions will have overtaken emissions from
Annex | regions by 2016. At 2020, non-Annex | regions are projected to be
responsible for 52 per cent of global emissions. It is clear, therefore, that a
way must be found to involve these countries in an agreement to reduce
emissionsif thevery longterm aimisto stabilise atmospheric concentrations
of greenhouse gases. The establishment of equitable and efficient policy
options at Kyoto will facilitate this process.
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A Appendix

The technology bundle

Main features

The concept of the technology bundle was developed to try to improve
accuracy in modelling substitution options, especially in energy using
activities. It also improves model transparency and the scope for validating
model results. The technology bundle is currently applied to the electricity
and iron and steel industriesin MEGABARE.

The standard approach to modelling substitution options based on the energy
economics literature is to use nested production functions. ORANI-E
(McDougall 1993) provides a typical example of the use of the nesting
approach in the production of electricity. At the deepest level of the nest,
different fuel types are combined to produce an energy composite. At the
next level inthe nest, the energy compositeis combined with capital toform
a capital—energy composite. Finally, the capital—energy composite is
combined with labour to produce electricity.

A deficiency of the nested production function approach is that it does not
ensure that the implied pattern of input use is consistent with any feasible
combination of activity levels for known technologies. If there are only a
small number of feasible technologies, the range of feasible input
combinations may be severely constrained. However, the assumption of
continuous substitution optionsin the nested production function approach
may imply a much wider range of feasible input combinations (for a
diagrammatic analysis see ABARE 1996).

In the technology bundle, it is assumed that output of a given industry is
produced by only a finite number of technologies with distinct fixed
(Leontief) input requirements. For example, in MEGABARE it is assumed
that el ectricity can be produced by the following technologies: cod, oil, gas,
nuclear, hydro and renewables, while iron and steel can be produced using
blast furnace and electric arc technologies. Data on the input regquirements
of each technology are based on average data for each region in the model
rather than input requirements of a plant with given specifications (see
figures 44 and 45).
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44 Composition of technology bundle in the electricity industry

Technoloyy bundle
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Composition of technology bundle in the steel industry
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The output of each technology is taken as an input into industry output
(electricity and iron and steel). In MEGABARE the relationship between
technology outputs and industry output isgoverned by a CRESH production
function (see ABARE 1996 for more details). If the price of an input used
by only one technology riseswhile other input prices remain constant, there
will be substitution away from the technol ogy that usesthat input. The extent
of substitution will be governed by the assumed value of the elasticity of
substitution which in a CRESH production function can differ between pairs
of technologies.

Under the technology bundle approach, the pattern of input use is
constrained to be consistent with the range feasible for the specified
technologies. It isapparent how the shares of the different technologiesvary
in response to some specified change, which is not the case under the nested
production function approach. The elasticity of substitution parameters can
be calibrated to produce a pattern of changing technology use to correspond
as closely as desired to the results from simulations with activity analysis
models.

Example

To investigate the possible advantages of the technology bundle approach
over nested production functions in appropriately constraining input
demand, simulation experimentswere conducted typi cal of thoseundertaken
in greenhouse policy analysis. Data were drawn from the ORANI-E model
(McDougall 1993) relating to Australia-wide averages of fuels, capital and
labour used by different el ectricity generating technologies (seetable 12). It
was assumed that electricity could be produced either by the standard
ORANI-E specification of nested CES production functionswith the nesting
structure described above or by atechnology bundle where a CES function
was used to aggregate the output of the different technologies into industry
output.

For the experiment, the carbon tax required to induce a 20 per cent reduction
in carbon dioxide emissions from the el ectricity sector was calculated using
the nested CES function model. The same tax was then applied to the
technology bundle model under different assumptions about the elasticity of
substitution between technol ogies. Differences in changes in input use and
carbon dioxide emissions between the various simulations are noted.
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1 Selected inputs’ sharesin costs: Australian electricity generating
technologies, 1986-87

Aggregate

input share

Steam Gas Combined Other fuel inindustry

turbine Hydro turbine cycle  burning costs

% % % % % %

Black coa 20.27 0.00 0.00 0.00 0.00 17.33

Natural gas 6.66 0.00 35.29 62.50 9.22 7.49

Brown coal (briquettes) 0.20  0.00 0.00 0.00 0.00 0.17

Brown coal (lignite) 494 0.00 0.00 0.00 0.00 4.23

Petroleum and coal

products 208 0.00 1.96 0.00 78.72 3.89

Reticulated gas supply 247 0.00 13.07 22.92 3.55 2.78

Labour 4216 11.16 29.41 10.42 4.96 38.02

Capital 21.22 88.84 20.26 417 3.55 26.08

Total 100.00 100.00 100.00 100.00 100.00 100.00
Technology sharein

industry costs 8552 814 2.84 0.89 2.61 100.00

Under the nested CES model, at the deepest level of the nest, the different
fuel types are combined into an energy composite assuming an elasticity of
substitution of 1.2. At the next level, the energy compositeis combined with
capital to form a capital—energy composite assuming an elasticity of
substitution of 0.5. At the highest level, the capital—energy composite is
combined with labour to produce electricity assuming an elasticity of
substitution of 0.8.

Elasticities of supply assumed for the various inputs are shown in table 13.
The price elasticity of demand for electricity was assumed to be 1.2. Under
the nested CES model, the price of electricity isacost shared weighted sum
of the prices of inputs. The price of each technology issimilarly determined.
Under the technology bundle model, the price of electricity is a cost share
weighted sum of the prices of technologies. Equilibrium conditionsinvolve
equality between quantities demanded and supplied.

For the experiment, the prices of fuel inputs that emit carbon dioxide under
combustion wereincreased by the amount of acarbon tax needed to achieve
a 20 per cent reduction in emissions from electricity production under the
nested CESmodel. The percentage changesin the quantity of inputsrequired
to achieve anew equilibrium were computed. The same carbon tax wasthen
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13 Supply elasticitiesfor inputs

Commodity Elasticity
Black coa 25
Natural gas 11
Brown coal (briquettes) 36
Brown coa (lignite) 36
Petroleum and coal products 10
Reticulated gas supply 11
Labour 1
Capita 00

applied to the technol ogy bundle model. Resulting changes in input use and
carbon dioxide emissions are shown in table 14.

The first point about the results can be made most clearly by applying the
percentage changesin the first column of table 14 to the base period datato
calculate theimplied new input cost shares. Theseresultsare shownin table
15 together with the original input cost shares from the last column of table
12.

Imposing the carbon tax results in a decrease in the cost share of all types
of coal and an increasein the labour share. Such aresult isinconsistent with

1 Changein quantity of inputsand carbon dioxide emissionsin
responseto given carbon tax

Nested TB TB TB TB TB

CES es=5 es=10 es=20 es=50 es=100

% % % % % %

Black coa -1854 883 -10.92 -1428 -20.95 -27.35
Natural gas 477 675 735 883 -1356 -19.85
Brown coal (briquettes) -25.13 883 -1092 -14.28 -20.95 -27.35
Brown coal (lignite) -32.30 -883 -10.92 -1428 -20.95 -27.35
Petroleum and coal products 454 -1.89 0.06 031 624 -16.09
Reticul ated gas supply 418 -673 732 878 -13.46 -19.64
Labour -09 -775 892 -10.78 -14.35 -17.48
Capital —4.48 0.13 6.35 18.11  48.80 88.62

Carbon dioxide emissions -20.00 -848 -10.32 -13.40 -19.82 —26.26

Note: TB = technology bundle. e.s. = elasticity of substitution between technologies.
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1 Initial and final sharesin input costs
under nested CES production functions

Input Initial share New share

% %
Black coal 17.33 15.06
Natural gas 7.49 7.61
Brown coal (briquettes) 0.17 0.13
Brown coal (lignite) 4.23 3.05
Petroleum and coal products 3.89 4.34
Reticulated gas supply 2.78 3.09
Labour 38.02 40.16
Capital 26.08 26.57
Total 100.00 100.00

any linear combination of the technologies identified in table 12. Steam
turbines are the only coal using technology, so areduction in the coal share
wouldimply areductioninthe steam turbine share. However, steam turbines
are the most labour intensive technology by a wide margin so any decline
in the steam turbine share should also reduce the labour share whereas it
rises. Thus, the nested production function model implies a change in the
pattern of input use inconsistent with the characteristics of the identified
technologies.

The second point to notice in table 14 is that under the technology bundle
model, the given carbon tax achieves areduction in emissions equivalent to
that in the nested CES model only for extremely high values of the elasticity
of substitution between technologies. Such large values are associated with
implausibly large changes in the outputs of different technol ogies as shown
in table 16.

The final point to note in table 14 is that capital use declines in the nested
CESmodel whereasit increasesfor all valuesof the elasticity of substitution
in the technology bundle model. In activity analysis models, a carbon tax
usually stimulates a shift toward more capital intensive technologies.

To conclude, the fact that the nested CES model permitsinput combinations
inconsistent with the characteristics of known technologies appearsto be a
serious problem in the context of greenhouse policy analysis according to
the results presented in this appendix. By allowing such inconsistent
combinations, there is atendency to underestimate the size of a carbon tax
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16 Changesin technology outputsin response to carbon tax

Technology es=5 es=10 es.=20 e.s.=50 e.s.=100

% % % % %
Steam turbine -8.83 -10.92 -14.28 —20.95 —27.35
Hydro 25.98 64.12 158.81 594.02 1764.74
Gas turbine 8.12 23.71 59.22 220.38 896.84
Combined cycle -14.18 —23.61 —42.94 -81.32 -97.78
Other fuel burning 4.26 10.00 13.49 511 -11.11

Note: e:s. = elasticity of substitution between technologies.

required to achieve a given reduction in emissions. The technology bundle
model avoids such inconsistent combinations and provides a more
transparent approach to the problem by explicitly determining changes in
the shares of different technologies.

90 ABARE research report 97.4



Appendix

Theimplications of price responsive
technical change

Theefficiency of fossil fuel usage acrossindustriesmay improveinresponse
to increases in the cost of fossil fuels resulting from emission abatement
policies. For example, itispossiblethat such costincreasesmay inducefossil
fuel usersto adopt new and more fossil fuel efficient technologies at amore
rapid pace than would otherwise have been the case. Alternatively, the
abatement policiescould induceinnovation leading to reduced requirements
for fossil fuel sper unit of output. Such responsesareknown as’ priceinduced
technical changes'.

The policy scenarios considered in this report induce large changes in the
user pricesof fossil fuels. To assessthe possibleimpacts of introducing price
responsive technical change into MEGABARE the less stringent emission
reduction scenario was modelled and, in addition, greater efficiency
improvementsin fossi| fuel energy use above business-as-usual levelswere
imposed to simulate the potential impacts of price responsive technical
change. For illustrative purposes, the additional efficiency gain was
provided to Australiaonly.

Under the emission abatement scenariosthe annual growth rate of fossil fuel
energy efficiency improvement for Australia was assigned a value 0.5
percentage points higher than in the business-as-usual scenario. This
represents a 70 per cent increase in annual rates of efficiency improvement.
The magnitude of the assumed increase is illustrative. It serves only to
highlight theimplications of avery substantial improvement infossil energy
efficiency induced by abatement policies on the national economy.

A key assumption in this analysisisthat the economy experiences the same
amount of overall improvement in the efficiency of input usein each period
under the business-as-usual and the emission abatement scenarios. In
essence there is a fixed endowment of technical change for the economy.
Consequently, increases in fossil fuel energy efficiency are offset by
reductions in the rate of efficiency improvement in the use of other inputs.
This captures the idea that the resources required to improve fossil fuel
energy efficiency must be drawn from other sectors of the economy, leading
to reduced activity levels in those sectors. Effectively, changes to relative
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prices influence only the distribution of technical change in the economy,
not its level.

The introduction of price responsive technical change in Australia reduces
the economic costs associated with the less stringent emission reduction
scenario from 3.4 per cent to 3.1 per cent relative to business-as-usua at
2020. The impact on the economic costs decreases by 0.006 percentage
points for each additional 0.1 percentage point of energy efficiency growth
in the policy scenarios compared with the business-as-usual projection.

On balance, in this example, the introduction of price responsive technical
change in Australia has little effect on the GNE impacts of assumed
abatement policies. This is because, while the improvement in energy
efficiency improves outcomes for fossil fuel users, the decline in the
efficiency of use of non energy inputsimposes costs on usersof thoseinputs,
which largely offset the gainsfrom the policy induced technol ogical change.

Theintroduction of priceresponsivetechnical changefor all Annex | regions
would have both positive and negative effects on the economic costs
associated with emission abatement. The overall outcome would depend on
both the structure of the region’s domestic economy and its pattern of trade.
For example, if other Annex | countries were also to respond to the
introduction of emission abatement policies with improvements in their
efficiency of fossil fuel use, the competitivenessof Australianindustry could
be adversely affected. The net effect of such factors with a global
specification of price responsive technical change has not been simulated
for thisreport as a more rigorous specification of price responsive technical
change is now being developed. Nevertheless, the simulation discussed in
this appendix isindicative of the types and magnitudes of effectsinvolved.
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Appendix C

The effects of emission abatement on
Norway

Thisappendix contai ns estimates of the impacts on Norway of the more and
less stringent Annex | emission abatement scenarios described in chapter 4.
These estimates are based on the application of a post simulation
input—output model to disaggregate MEGABARE projections for EFTA.
The post simulation model is described in detail at the end of this appendix.

Gross domestic product in Norway declinesby 2.6 per cent in 2020 relative
to business-as-usual under the less stringent scenario and by 3.3 per cent
under the more stringent scenario. Thesefallsare among the highest of those
estimated for Annex | economies. The main contributorsto thefall in output
are declines in oil and gas production and production activities related to
these sectors. The sectoral effects for Norway under the less and more
stringent emission abatement scenarios are presented in figure 46.

Oil and gas production in Norway is projected to fall by 12 per cent relative
to business-as-usua under the less stringent scenario and by 14 per cent
under the more stringent scenario. The output of the pipeline transport
services sector, which is sold ailmost entirely to the oil and gas sector, is
projected to fall by around the same amount as oil and gas output. Output in
the ail drilling sector aso declines relative to business-as-usua as a result

46 Change in Norwegian sectoral output at 2020 relative to
business-as-usual due to uniform emission reduction
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of reduced oil production and exploration activity. There are also reductions
in manufacturing and construction activity, owing principally to increased
production costs in these sectors.

Offsetting the declines in gross domestic product to some extent, there are
increasesintheoutputsof arange of resourceintensiveindustriesaggregated
under mining. The output of government services is also projected to
increase as demand increases with the introduction of abatement policies.
The production of government servicesislessfossil fuel intensivethan other
production activities and, consequently, their costs and prices are not
affected to the same extent as the costs and prices of other items. Thisleads
consumers in Norway to substitute toward government services.

Post simulation input—output model

The post simulation input—output model uses national input—output tables,
which provide awealth of information that can be used asabasisfor analysis
to determine a country’s direct and indirect fossil fuel reliance. MEGA-
BARE projections for each category of demand, including final demand
(private consumption, government consumption, investment and exports)
and intermediate demand, are used to infer changes to the post simulation
input—output model. The overall change in a sector’s output depends on the
share of output demanded by each category and the inferred change in
demand for each category.

A modification of standard input—output analysis can be used to estimatethe
effectsof apolicy onasubregion of aM EGABARE regionif aninput—output
table is available for the subregion. First, a concordance between MEGA -
BARE commodities and the commodities represented in the subregional
input—output table is created. Second, the percentage changes in the
quantities of each domestically produced commodity in each final demand
category (private consumption, government consumption, investment and
exports) are assumed to be the same for the MEGABARE region and the
subregion. Third, the input—output coefficients for the subregion are
modified according to the simulated changes for the MEGABARE region.
This process allows demands for primary factors, imports and industry
outputs to be estimated for the subregion. Macroeconomic aggregates such
as gross domestic product can then be calculated.

Data derived from the subregional input—output table and used in the input—
output analysis are:

94 ABARE research report 97.4



Vi = Vaue of use of input i in activity |

GDP = Gross domestic product

Sets of rows and columns of the input—output table referenced in the
equations of the following section are:

dcom = rows (columns) of the input—output table corresponding to
domestically produced commaodities (industries)

icom = rows of the input—output table corresponding to imported
commodities

final = columns of theinput—output table corresponding to final demands
(private consumption, government consumption, investment and
exports)

pfact = rows of the input—output table corresponding to primary factors
(Iabour, capital and land)

Inputs and outputs of the subregional input—output analysis are:

Gij = Percentage change in the quantity of input i used in activity |

(ol = Percentage change in the output of activity |

Sj = Percentage change in the per unit output requirement for input i
by activity |

gdpi = Percentage change in real GDP calculated from the income side

gdpe = Percentage change in real GDP calculated from the expenditure

side.

Description of the modified input—output analysis

Since input—output coefficients are changed in this modified input—output
analysis, anonlinear set of equations must be solved in contrast to standard
input—output analysis. Thenonlinear equationsare specifiedinlinearised form
and solved using GEMPACK (Pearson 1991). The linearised equations are:

market clearing
YiVi-Qi = X Vo
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per unit output requirements

Sj = Gij — a°j

definition of GDP from the expenditure side
GDP.gdpe =3 3 jofina (Vij Gij ) = Yiricom2 | (Vij -qij)

definition of GDP from the income side

GDP.gdpi = 3 jrpfact 3 j Vij i
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Appendix

The estimated effects of emission
abatement policies on electricity inputs

Emission abatement actions undertaken by Annex | countries imply
significant restructuring of the electricity sectors throughout Annex |
regions.

Table 1 shows three data sets: the initial 1992 shares of various electricity
generation technologiesin Annex | countries; the projected technology mix
for electricity generation in 2020 under the business-as-usual scenario; and
the projected technology mix for electricity generation in 2020 under the
less stringent uniform emission reduction scenario outlined in chapter 4.

Business-as-usual projections

The percentages of electricity generated by oil, nuclear and hydro based
technologies fall in most Annex | countries under the business-as-usual
scenario. The Former Soviet Union and Eastern Europe is an exception as
there the share of nuclear powered electricity is projected to increase from
13.7 per cent in 1992 to 16.1 per cent in 2020.

As natural gas reserves are further exploited over the time frame of the
business-as-usual projection, Annex | regions, excluding the Former Soviet
Union and Eastern Europe, increase their reliance on gas fired electricity
generation. For example, in Australia the share of gas fired electricity
generation increases from 8.8 per cent to 13.5 per cent in the business-as-
usual scenario. In New Zealand the increase is from 25.1 per cent to 51.5
per cent. In recent projections for Canada by the Energy Forecasting
Division of Natural Resources Canada (1997) the share of coal fired power
generation is not projected to change significantly, while the share of
hydroelectricity is projected to fall by only asmall amount relative to 1990
levels by 2020. This indicates a substantial assumed absolute increase in
hydro power generation. In this study, however, assumed restrictions on the
growth of nuclear power and hydroelectricity production prevent their
expansion from current levels. This leads to substantial increases in fossil
fuel based electricity generation and, in particular, for coal. On balance,
given the continuing large share of hydroelectricity, Canadian electricity
production remains significantly less fossil fuel intensive than is projected
for the United States.
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17 Percentage of total electricity generated by varioustechnologies

Percentage of total electricity generated by each technology, 1992

New United European

Australia Zealand States Canada Japan Union EFTA FSU/EE

% % % % % % % %

Coal 79.2 13 53.2 175 173 34.8 0.1 26.1
Oil 23 0.4 33 29 254 10.2 04 8.8
Gas 8.8 25.1 13.0 26 216 6.6 0.2 374
Nuclear 0.0 0.0 20.1 155 251 344 131 13.7
Hydro 9.2 73.1 8.3 60.7 9.5 134 853 13.8
Renewables 0.4 0.1 21 0.8 11 0.6 10 0.2
Total 100.0 100.0 1000 100.0 100.0 100.0 1000 100.0

Percentage of total electricity generated by each technology under business-as-usual
assumptions, 2020

New United European

Australia Zealand States Canada Japan Union EFTA FSU/EE

% % % % % % % %

Coal 79.0 0.9 56.4 42.3 22.2 46.1 0.1 36.4
Qil 1.4 0.2 23 1.8 183 7.9 0.3 57
Gas 135 515 19.2 6.0 320 80 138 28.8
Nuclear 0.0 0.0 13.9 9.6 18.1 26.7 11.4 16.1
Hydro 57 47.4 57 375 6.8 10.4 74.4 12.9
Renewables 0.4 0.0 25 29 2.6 0.9 0.0 0.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Percentage of electricity generated by each technology under the less stringent emission
reduction scenario, 2020

New United European

Australia Zealand States Canada Japan Union EFTA FSU/EE

% % % % % % % %

Coal 219 0.9 8.2 0.0 0.0 16 0.1 2.8
Oil 3.0 0.2 19 0.2 0.1 28.3 0.1 11
Gas 9.1 30 89 117 436 18.7 8.3 13.3
Nuclear 0.0 0.0 145 92 189 277 115 454
Hydro 6.2 50.4 6.0 36.0 7.2 108 751 37.1
Renewables  59.7 454 60.5 430 301 12.9 4.9 0.4
Total 1000 1000 100.0 100.0 100.0 100.0 100.0 100.0

Source: MEGABARE database and projections.
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L ess stringent emission abatement

Under the emission abatement scenarios it is assumed that Annex | regions
cannot increase production of nuclear power or hydroelectricity above
business-as-usual levels.

The adoption of the less stringent emission reduction target leads to
restructuring of electricity generation toward less emission intensive fuels
throughout Annex | regions. The results show a marked substitution away
from coal fired electricity. The share of coal fired electricity in total
eectricity production in both Australia and the United States decreases by
morethan 50 percentage pointsin responseto the emission abatement action.

Substitution away from gas fired electricity is not as pronounced as
substitution away from coal fired electricty generation in response to the
emission abatement action. In Canada and the European Union, the share of
gasfired electricity in total electricity production increases dueto its lower
emission intensity relative to coal.

Oil based el ectricity generationisrelatively lessemission intensivethan coa
fired electricity. Inthe European Union oil fired el ectricity generationisalso
projected to increase.

The share of nuclear power generation increases relative to business-as-
usual in the Former Soviet Union and Eastern Europe, where growth in this
power source has not been constrained.

The share of renewabletechnol ogies (including solar, wind, geothermal etc.)
inelectricity generationisprojected toincreaseinall Annex | regions. Other
studies (Jones et al. 1994) have also found a significant increase in the use
of solar technologies in Australia under the assumption of high marginal
abatement costs.
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