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1. Abstract

Climate change negotiations have become more and more substantial within recent years,

international climate change conferences try to achieve agreements to reduce adverse

anthropogenic impacts on the global climate. Regarding to the Kyoto Protocol of December

1997 the United Nations agreed on several conventions to stabilise the world climate and to

reduce greenhouse gases (GHG), respectively. The international conference on climate

change in Buenos Aires, November 1998 established concrete steps towards efficient

international climate change policy options. The explicit accomplishment of so-called flexible

instruments, Joint Implementation (JI), Emissions Trading (ET) and the Clean Development

Mechanism (CDM), were debated controversially, concrete steps and plans of fulfilment are

still under discussion.

This paper illustrates different scenarios of implementing flexible instruments and

investigates the economic implications of different performing options of flexible instruments

by a world general equilibrium model including 13 international regions and 38 sectors.

Various strategies –including flexible instruments, like a cap on regional emissions trading

and the interregional and intertemporal trade of emissions permits are simulated, compared

and evaluated. It turns out that meeting the Kyoto target induce higher welfare losses to

developing countries than to developed countries. For example, the net coal exporter China
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2. Introduction

Climate change negotiation processes induced an international countries agreement of the

Kyoto protocol abating greenhouse gases (GHG) within the commitment period by 2008 and

2012. More precisely, so called Annex B countries including USA, Japan and Europe

committed themselves to reduce their emissions by 6 to 8 % of their baseline emissions of

1990. Beside domestic measures to mitigate GHG emissions by emissions taxes or standards,

so called international flexible instruments allow a reduction of emissions by project or

technology transfers mitigating emissions between Annex B countries (Joint Implementation

JI) or from developed Annex B countries to developing countries (Clean Development

Mechanism CDM) or by emissions trading between developed countries (ET). Main

discussion points are within this context on the one hand the concrete implementation of these

instruments including controversial arguments of early crediting and penalties if the target is

not met and on the other hand key parameters like the baseline emission path of each country.

This paper investigates the impacts of the Kyoto reduction commitments including emissions

trading between Annex B countries. Direct investment transfers between Annex B countries

and from Annex B to non- Annex B countries modelled indirectly by capital and investment

transfers resulting in higher energy efficiency. This investigation is focused on different

emission baseline assumptions resulting in different welfare losses for developed and

developing countries as well.
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3. Model description

In order to investigate the economic impacts of international GHG mitigation policies induced

by the Kyoto protocol and climate change negotiation processes a World Applied General

Equilibrium model (WAGE) is used. WAGE is an intertemporal computable general

equilibrium model for the global economy considering 11 world regions which are linked

through bilateral trade flows (Table 3-1).

Table 3-1: World regions

ASIA India and other Asia (Republic of Korea, Indonesia, Malaysia, Philippines,
Singapore, Thailand, China, Hong Kong, Taiwan)

CHN China
CNA Canada, New Zealand and Australia
EU15 European Union
JPN Japan
LSA Latin America (Mexico, Argentina, Brazil, Chile, Rest of  Latin America)
MIDE Middle East and North Africa
REC Russia , Eastern and Central European Countries
ROW Other countries
SSA Sub Saharan Africa
USA United States of America

The economic structure of each region consists of 4 production sectors, one non-energy sector

and three fossil fuel sectors traded internationally for oil, gas and coal. All products are

demanded by intermediate production, exports, investment and a representative consumer. All

market actors behave within a full competition context, i.e. they take the market price as given



6

the output side and substitution possibilities on the input side (between alternative

combinations of inputs). Goods are produced for the domestic and for the export market.

Production of the energy aggregate is described by a CES function which reflects substitution

possibilities for different fossil fuels (i.e., coal, gas, and oil) and capital, labour representing

trade off effects with a constant elasticity of substitution. Fossil fuels are produced from fuel-

specific resources and the non-energy macro good subject to a CES technology. Coal

production in the OECD and gas production in the Former Soviet Union grow with energy

demand at constant prices. The elasticity of substitution between the resource input and non-

energy inputs is calibrated to meet a given price elasticity of supply. Exhaustion leads to

rising fossil fuel prices at constant demand quantities. The carbon-free backstop establishes an

upper bound on the world oil price. This backstop fuel is a perfect substitute for the three

fossil fuels and is available in infinite supply at one price, which is calculated to be a multiple

of the world oil price in the benchmark year. Demand elasticities depend on back stop

technologies, by low backstop costs demand elasticities are high and vice versa.

In each region a representative household chooses to allocate lifetime income across

consumption in different time periods in order to maximise lifetime utility. In each period

households face the choice between current consumption and future consumption, which can

be purchased via savings. The trade-off between current consumption and savings is given by

a constant intertemporal elasticity of substitution.



7

fuels are treated as perfect substitutes, net trade cannot be cross-moved. International capital

flows reflect borrowing and lending at the world interest rate, and are endogenous subject to

an intertemporal balance of payments constraint considering no changes in net indebtedness

over the entire model horizon.

Emission limits induce a system of emission permits tradable within a country such

that the marginal costs of abatement are equalised across domestic sources. The permit price

is then equivalent to the domestic carbon tax which would be necessary to achieve the given

emission limit. Revenues from permits or likewise carbon taxes are refunded lump-sum back

to the representative consumer in the abating country. Because of the international and

flexible structure of WAGE is especially useful to investigate international GHG abatement

policies like, international energy or emission taxes, international caps or standards and, as it

is indicated within this context, the implications of international flexible instruments like ET,

JI, and CDM. Those countries meeting the Kyoto emissions reduction target stabilise their

mitigated emissions at 2010 level.

4. Model results

The quantitative results contain committed emission reduction levels for specific countries

due to the Kyoto protocol mitigating greenhouse gas emissions by 5.2 % below 1990 level
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Table 4-1: Scenario definition

Scenario hiemit loemit hiarm lowarm hioil lowoil bsligh bslow

Baseline emission

level

high low M M M M M M

Armington elasticities M M High

(3)

Low

(1)

M M M M

Oil supply elasticity M M M M High

(8)

Low

(1)

M M

Backstop costs M M M M M M high low

Figure 4-1 demonstrates the development of the different emissions levels.

Figure 4-1: World Carbon emissions paths
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Table 4-2: Welfare Impacts in Hicksian EV

Scenario hiemit lowemit hiarm lowarm hioil lowoil bshi bslow

JPN -0.09 0.06 -0.01 0.06 -0.03 0.06 0.02 0.02

CHN -0.75 -0.29 -0.39 -1.03 -0.66 -0.67 -0.74 -0.68

USA -0.51 0.03 0.24 -0.20 -0.27 -0.19 -0.26 -0.23

SSA -0.82 -0.17 -0.40 -0.87 -0.32 -0.84 -0.61 -0.60

ROW -0.09 -0.01 0.06 -0.23 -0.05 -0.04 -0.05 -0.05

CNA -0.64 -0.04 -0.30 -0.46 -0.36 -0.37 -0.38 -0.36

EU15 -0.27 0.05 -0.10 -0.07 -0.13 -0.06 -0.10 -0.09

REC -1.61 0.26 -0.64 -0.86 -0.42 -1.03 -0.73 -0.77

LSA -0.33 -0.04 -0.12 -0.39 -0.13 -0.31 -0.24 -0.22

ASIA -0.01 -0.02 0.06 -0.18 -0.13 0.06 -0.05 -0.03

MIDE -1.84 -0.39 -1.09 -1.64 -0.57 -2.09 -1.35 -1.34

Emission reduction induce welfare losses to countries with high emission levels and high

reduction targets like USA, Japan and EU15, but induce terms of trade losses also to

developing countries because of international energy price decreases. Due to emission

mitigation targets main countries have to limit energy use resulting in a decreasing

international energy prices, productivity and welfare losses. Productivity losses in

industrialised countries induce spill over effects to the world economy and induce negative

impacts also to developing countries like China, Africa SSA and Latin America LSA.
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assumptions because of lower substitution opportunities between imported and domestically

produced goods. High Armington elasticities implicit a higher potential of terms of trade

between the world regions inducing better opportunities for developing countries like China

and Asia. However, developed countries like Japan could benefit by low Armington elasticity

assumptions, Japan as a large energy consumer and importer benefits both from a low energy

price and low oil supply elasticities.

Higher backstop technology costs induce for nearly all world regions higher welfare

losses. In the case of low oil supply elasticities Middle East countries MIDE suffer most

because of limited adjustment opportunities due to price decreases. Carbon taxes rates or

marginal abatement costs are high for USA, Japan and EU 15 within the high emission case

and high backstop costs case after 2010. Low Armington elasticity assumptions induce higher

mitigation costs and CO2 tax rates because of higher term of trade losses due to energy price

decreases (Figure 6-1 to Figure 6-3.)
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5. Conclusion

Carbon emission mitigation targets due to the Kyoto protocol induce not only negative

economic impacts to industrialised and developed countries with high emission levels  and

emissions reduction target but negative impacts also to developing countries because of

international energy use decreases inducing productivity and international energy price

cutbacks. Positive implications on the economies of developed countries like USA, Japan and

Europe occur by low emission development pathway assumptions. Lower emission reduction

targets induce lower negative impacts on terms of trade effects of developing countries due to

energy price decreases, but production and energy consumption decreases influence spill over

terms of trade effects of developing countries negatively. Although assumptions about key

model parameter are varied differently, negative welfare impacts due to the emissions

reductions are most influential. Results may change if direct project transfer payments from

Annex B to non Annex B countries resulting in emissions reductions and increased

investment and production with higher energy efficiency (CDM) are included.
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Figure 6-1: USA Carbon Tax for all scenarios
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Figure 6-3: Japan Carbon Tax for all Scenarios


