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GLOBAL EFFECTS OF THE EUROPEAN CARBON TAX

The aim of this paper is to analyse the implications of the European Commission proposal of a
mixed energy cum carbon tax to curb CO, emissions from a global perspective. The paper deals with the
effects of this proposal on emissions and welfare in both the EC and the rest of the world by concentrating
on three main issues: i) the effectiveness of the proposed tax measures in terms of curbing EC and global
CO emissions; ii) the implied costs for the EC and the other countnes/regxons of the world; and iii) the
1mphcat10ns of the EC proposal for the world distribution of emissions and the competitiveness of the EC
economy. In this connection, the relevance of the so-called "carbon leakages" -- i.e. the displacement of
polluting activities from countries participating in an emission reduction agreement to countries not
concerned by the agreement -- is examined. The paper provides quantitative answers to these issues using
simulations with GREEN, the global dynamic applied general equilibrium (AGE) model developed by the
OECD Secretariat in order to study the costs of policies aimed at reducing -CO, emissions.

L’objet de cette étude est d’analyser d’une point de vue global les effets de la proposition de la
Commission Européenne d’une taxe mixte sur I’énergie et le contenu en carbone, pour réduire les émissions
de CO,. Les effets de cette proposition sur les émissions et le bien-étre collectif de 1a CEE et du reste du
monde sont abordés selon trois perspectives : i) I'impact des mesures fiscales proposées sur les émissions
globales et celles de la CEE ; ii) les colts induits pour la CEE et les autres pays/régions du monde ; et
iii) les effets de cette proposition de 1a Commission sur la répartition des émissions dans le monde et sur
la compétitivité de I’économie européenne. A ce titre, la pertinence des prétendues "fuites de carbone"
-- i.e. le déplacement des activités polluants de pays signataires d un accord de réduction des émissions vers
des pays non concernés par cet accord, est examinée. Cette étude propose des réponses quantifiées 2 ces
questions au moyen de simulations effectuées avec GREEN, le modele global dynamique d’équilibre
général appliqué (EGA) mis au point par le Secrétariat de I’OCDE pour évaluer les cofits des politiques
visant 2 réduire les émissions de CO,.
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GLOBAL EFFECTS OF THE EUROPEAN CARBON TAX
Giuseppe Nicoletti and Joaquim Oliveira-Martins'

I. INTRODUCTION

The likelihood of significant global warming by the middle of the next century is mainly linked
to increasing world atmospheric concentrations of greenhouse gases (GHGs), of which carbon dioxide (810%]
_is quantitatively the most significant. Since GHG emissions increase world concentrations independently
of the country of origin, climate change is a global phenomenon. The Rio summit set the stage for a global
agreement to curb GHG emissions, but it is likely that any concrete steps towards emission abatement in
the near future will take the form of unilateral actions, in which single countries or groups of countries will
commit themselves to emission abatement policies. These limited agreements may provide incentives to
other countries to join the agreed policies through the "example or credibility effect” that unilateral actions
could generate. The EC Commission proposal to impose a mixed carbon-cum-energy tax in order to
stabilise emissions at their 1990 levels by the year 2000 is the most prominent example to date of such
unilateral action. '

The aim of this paper is to analyse the implications of the EC proposal from a global perspective,
an issue that has attracted considerable attention. Therefore, the paper deals with the effects of this
proposal on CO, emissions and welfare in both the EC and the rest of the world. The analysis concentrates
on three main issues: i) the effectiveness of the proposed tax measures in terms of curbing EC and global
CO, emissions; ii) the implied costs for the EC and the other countries/regions of the world; and iii) the
implications of the EC proposal for the world distribution of emissions and the competitiveness of the EC
economy. In this connection, the relevance of the so-called "carbon leakages" -- i.e. the displacement of
polluting activities from countries participating in an emission reduction agreement to countries not
concerned by the agreement -- is examined. The paper provides quantitative answers to these issues using
simulations with GREEN, the global dynamic applied general equilibrium (AGE) model developed by the
OECD Economics Department in order to study the economic effects of policies aimed at reducing
emissions of CO, in the atmosphere. The reader can also refer to Burniaux et al. (1992b) for a broader
© range of policy issues simulated with GREEN.

-Global dynamic AGE models, such as GREEN, are particularty useful tools for analysing the CO,
issue. By modelling the decisions of households and firms, these models are able to capture the economic
mechanisms that link in each period of time the available resource base to man-made emissions of CO,,
of which around 75 per cent originate from the burning of non-renewable fossil fuels. In addition, dynamic
models are able to trace out the evolution of emissions over time as a function of technical progress and

- the speed of adjustment of the world economy to changes in relative prices. The CO, issue has important
temporal dimensions since i) the increase in GHG concentrations is expected to occur over a long time
horizon and involve shifts over time in the regional distribution of emissions; ii) its intensity will depend
on the future development of "clean" renewable sources of energy; and iii) adaptation and/or abatement
policies are all expected to imply important adjustment costs and shifts in trade patterns. Finally, by
explicitly incorporating welfare considerations, AGE models are well-suited to evaluate the regional and
global costs of abatement policies over time.



GREEN has several comparative advantages over other global models designed to analyse the CO,
issue®. First, it is the only global model that incorporates full bilateral trade linkages between all regions
of the world. The other models either model trade flows inconsistently or rely on the Heckscher-Ohlin
assumptions to -simplify model structures and data requirements®’. Second, being mostly based on input-
output and trade data from individual countries, GREEN allows for a large and flexible regional -
disaggregation, while at the same time preserving sufficient sectoral detail. These characteristics make
GREEN particularly well-suited for the analysis of international competitiveness issues and the simulation
of different kinds of regional and global agreements to curb CO, emissions. Finally, GREEN is also unique
among global models in combining full world trade links, regional and sectoral detail and various sources
of adjustment costs in production®. '

However, GREEN also has important limitations for addressing the climate change issue. Some
of these are shared by other global models: the only greenhouse gas included is CO,; the benefits of
abatement policies (i.e. avoided damages from global warming) are ignored; no distortions in labour supply
or the consumption/saving decisions of households are allowed; the international oil market is assumed
to be perfectly competitive’; sectoral disaggregation is more limited than in national models; perfect
labour mobility across sectors is assumed; and no international capital mobility is allowed. Other
limitations are more specific to GREEN, such as the assumption that agents have static expectations®.
Generally, the focus on CO, and the neglect of benefits will tend to exaggerate the costs of policies aimed
at curbing emissions, while the limited sectoral detail and the assumption of perfect labour mobility will
tend to underestimate the short-run costs of the policies. On the other hand, the lack of international capital
mobility may imply an underestimation of the "carbon leakage" phenomenon. It is difficult to predict how

the other limitations of GREEN may affect the simulation results.

The paper is organised as follows. In the next section a brief overview of the GREEN model is
provided. The reader is referred to Burniaux et al. (1992a) for a full documentation of the specification,
parameterisation and calibration of GREEN. In section III the results from simulating the EC proposal with
GREEN are described. First, developments in the composition of energy demand and CO, emissions in
the baseline scenario are described. Second, the EC tax scenario is simulated and the outcomes for energy
demand, CO, emissions and welfare in both the EC and non-EC countries are analysed. A few concluding
remarks summarise the main findings and indicate directions for future research.

II. OVERVIEW OF THE GREEN MODEL

» The current version of GREEN consists of twelve regional sub-models -- which include four
OECD regions and eight non-OECD regions, eleven producer sectors, four consumer sectors and up to
fifteen primary factors. All regions are linked together by trade flows concerning each of the produced

tradeable goods and bilateral trade flows are separately specified for each pair of regions. The miodel is
~ simulated over the 1985-2050 period, in five steps of five-year intervals up to 2010 and two further steps
of twenty-year intervals. The key dimensions of GREEN are described in Table 1.

A. Producers

The model highlights the relationships between depletion of fossil fuels, energy production, energy
use and CO, emissions. = Therefore, the main focus is on the energy sector and its links to economic
activity. Three sources of fossil fuels -- oil, natural gas and coal -- and one source of non-fossil energy,
the electricity sector, are distinguished. In addition, non-conventional energy sources -- the so-called
"backstop technologies" -- are assumed to become available in the course of the simulation period.



Backstop technologies are substitutes for gas, oil, coal and conventional electricity generation which are
assumed to become commercially available at a fixed price and a fixed date in the future. For each of the
three fossil fuels, two alternative backstop technologies are assumed to exist: i) a carbon-based backstop
which produces a synthetic fuel with a higher carbon content than the conventional technology; and ii) a
carbon-free backstop fuel. The former is a liquid synthetic fuel derived from coal or shale, the latter is a
liquid fuel derived, for instance, from biomass. A single carbon-free backstop technology is also available
- for producing electricity. This backstop represents all non-hydro, non-fission sources of electric power
(e.g. nuclear fusion, solar or wind power)’.

In each conventional sector, gross output is produced using the four primary energy sources or
their backstop alternatives, refined oil products, a fixed factor (land, a fossil fuel or a carbon-free resource),
capital, labour and intermediate goods and services®. It is assumed that conventional energy and
intermediate inputs can be obtained either from domestic or foreign suppliers’. All sectors are assumed
to operate with constant returns to scale and share a common production structure, which is depicted in
Figures 1a,b. The quantities of all inputs are optimally chosen by producers in order to minimise
production costs given the level of sectoral demand and relative after-tax prices'.

An important feature of production in GREEN is the distinction between "old" capital, which was
installed in previous periods, and "new" capital, which results ftom current-period investment. This
distinction depends on the presence of adjustment costs, which reflect the economic irreversibility of capital
formation when markets for second-hand and new capital goods are incomplete. Costs associated with the
dismantling or building of plants are proxied by two assumptions: the production technology is putty/semi-
putty and the beginning-of-period capital stock is partially mobile across sectors.

B. Consumers

A single representative consumer is assumed to allocate optimally her/his disposable income
among four broad consumer goods -- food and beverages, fuels and power, transport and communication,
other goods and services -- and saving. The consumption/saving decision is static: saving is treated as a
fifth "good" and its amount is determined simultaneously with the demands for other goods'’. Saving is
assumed to take the form of purchases of investment goods, since no financial intermediation is
incorporated in the model. All income generated by economic activity is assumed to be distributed to
consumers. '

Consumption aggregates differ from the outputs of the eight production sectors and were chosen
in order to highlight the principal components of final demand for energy. While the energy intensity of
consumer goods is a technical datum, their fuel composition is assumed to be optimally chosen by
- consumers'2, Similarly, it is assumed that consumer demand is allocated optimally among domestic and
foreign suppliers. The structure of household demand is depicted in Figure 2.

. C. Government

The government collects carbon and energy taxes, income taxes and indirect taxes on intermediate
inputs, outputs and comsumer expenditures in order to finance government expenditures’®>.  These-
expenditures partly contribute to final aggregate demand and do not produce any services.

The carbon tax is an excise tax, which is expressed as a fixed absolute amount of US$ per ton
of carbon emitted. The tax is fuel-specific, since it varies directly with the CO,-emission coefficients of
oil, coal, natural gas and the carbon-based backstop. It is applied at the level of consumers of primary fuels
only, i.e. the tax is applied equally on domestic and imported uses of primary fossil fuels'®. Thus, for
example, refineries are taxed on their use -of crude oil, but firms using domestically refined petroleum



products are not taxed. On the other hand, imports of refined oil products are taxed. The energy tax is
also an excise tax, which is expressed as a fixed absolute amount of US$ per Terajoule. It is a tax on the
energy content of energy demand which is applied at the level of consumers of all primary energy sources,
including the carbon-free electric energy®. Since each primary energy source has a specific carbon
content, an energy tax does not equalise the marginal cost of reducing CO2 emissions across sectors.

Carbon and energy taxes can be either arbitrarily fixed or computed as equilibrium prices
associated with a given constraint on total emissions. In the simulations of the present paper, fixed energy
and carbon taxes are imposed to yield the mixed carbon-cum-energy tax proposed by the EC.

D. Foreign trade

The world trade block is based on a trade sub-model in which each bilateral trade flow is
separately specified. The basic assumption is that imports originating in different countries are imperfect
substitutes.. Therefore, in each country, total import demand for each good is allocated across trading
partners according to the relationship between their export prices. This specification of imports
-- commonly referred to as the Armington specification -- implies that each country faces downward-sloping
demand curves for its exports.

The Armington specification is implemented for all goods except crude oil, which is assumed to
be a homogeneous commodity. The world price of oil is determined by marginal costs of production
_ in the energy-exporting LDCs region, given the world demand for oil. At this price, the other regions
competitively allocate their demand for oil among domestic supply and imports. Qil-trade flows and market
shares result from the balance between domestic demand and supply of oil at given real world prices.

The consistent bilateral world trade links embedded in GREEN make it particularty well-suited
to analyse the consequences of carbon taxation and energy market developments for terms of trade and
international trade flows. The differentiation of import flows by country of origin makes it possible to
quantify the effects of policies on import and export prices and market shares, which determine movements
in the terms of trade. The identification of country-specific changes in market shares and export prices is
essential in order to evaluate the effectiveness of unilateral emission abatement policies. Changes in
international competitiveness implied by these policies may result in displacement of CO,-emitting activities
to regions not concerned by the regional emission reduction agreement -- a phenomenon known as "carbon
leakage"”. Moreover, the quantification of terms-of-trade movements is important for the correct evaluation
of changes in welfare following carbon taxation policies, since term-of-trade changes can offset or add to
the direct efficiency losses resulting from the tax. :

E. Closure

GREEN does not embody any explicit investment behaviour by firms. In each period, the model
equates gross investment to net saving. Net saving is the sum of saving by households, the depreciation
of capital, the net budget position of the government and foreign capital inflows, which result from the
current account balance'’.

Changes in the government budget induced by carbon and energy tax revenues are compensated
by offsetting changes in the marginal income tax rate. Since no labour supply or consumption/saving
distortions are included in GREEN, this is equivalent to a lump-sum transfer to households'®. This
compensating mechanism approximates revenue-neutrality, which is considered the appropriate closure to
apply to the government sector for long-term simulations. Since government and forelgn trade imbalances
are ex0genous, investment is almost entirely savings drlven



F. Dynamics

GREEN is a recursive model. The flow of time is expressed by growth or contraction of base-
year stocks of resources. Agents are assumed to be myopic, basing their decisions on static expectations
about prices and quantities'®. Therefore, the development of the economy over time is characterised by
a sequence of period-related, but intertemporally uncoordinated, flow equilibria.

The dynamics in GREEN originate from three sources: depletion of exhaustible resources, capital
accumulation and the putty/semi-putty production technology. A resource depletion sub-model is specified
for oil and natural gas. The sub-model determines potential supply of these exhaustible resources as
opposed to actual output, which is determined by the supply function for the corresponding fixed factors.
In each period, potential supply is the maximum amount of the fossil fuel which can be supplied given the
initial levels of proven and unproven (so-called "yet-to-find") reserves, the rate of reserve discovery and

“the rate of extraction. Therefore, potential supply provides an upper bound to actual supply of the fossil
" fuel. If demand falls short of potential supply, the difference between actual and potential supply is
capitalised and added to future reserves of the fossil fuel.

In the aggregate, the basic capital accumulation function equates the current capital stock to the
depreciated stock inherited from the previous period plus gross investment.. However, at the sectoral level,
- the accumulation function may be different because industries are allowed to disinvest faster than their
(sector-specific) depreciation rates. In this case, sectors contract over time releasing old capital resources
that are acquired by expanding sectors as part of their new capital vintage. In each period, the new capital
vintage available to expanding industries is equal to the sum of disinvested capital in contracting industries
and total saving generated by the economy, consistent with the closure rule of the model. Given the
putty/semi-putty structure of production, the proportion of new capital available in each sector is crucial
in determining the elasticities of substitution between factors of production. :

In simulations, model dynamics are calibrated in each region on exogenous GDP and population
growth rates and on given Autonomous Energy Efficiency Improvements (AEEI), which are rates of neutral
technical progress in energy use. Under the maintained hypothesis of balanced growth, these exogenous
growth rates imply rates of neutral technical progress in the capital/labour/fixed factor bundle?. In
counter-factual simulations, population growth, AEEI, and technical progress associated with the
capital/labour/fixed factor bundle are exogenous and GDP growth rates become endogenous.

G. Welfare measures

There are two main sources of welfare changes in GREEN when CO,-abatement policies are
implemented. First, carbon and/or energy taxation, by affecting the decisions of households and firms,
induces distortions in relative prices and changes in disposable income that cause losses of consumer and
producer surplus. Second, because these distortions may differ across countries, they translate into terms-
of-trade effects that change individual countries’ real incomes. In many cases, the net effect of these factors
on welfare is uncertain a priori and abatement policies can result in either welfare losses or gains. In
GREEN, these welfare effects are measured in terms of the Hicksian "equivalent variation", defined to be -
the amount of income that would have to be taken away from the consumer at pre-policy consumer prices
to make him/her as well off as he/she would be at post-policy consumer prices.



III. SIMULATING THE COMMISSION’S PROPOSAL

The joint Energy/Environment Council of EC Ministers decided in October 1990 on a commitment
to stabilise emissions in the Community in 2000 at 1990 levels. The EC Commission has recently proposed
a comprehensive strategy to the Council to achieve this commitment -- for details, see Commission of the
European Communities (1991). An important element of this strategy is the proposal to introduce gradually
over time a mixed energy-cum-carbon tax equivalent to $10 per barrel of oil in 2000. The tax would be
split 50/50 between an energy component and a carbon content component®.

The Commission’s proposal envisages exempting certain energy-intensive sectors and sectors
heavily exposed to international competition from the tax until the Community’s main trading partners take
- similar measures. However, no decision has yet been taken as to which sectors should be exempt and
whether the exemption should be partial or total. For that reason, the tax was applied to all sectors in the
' GREEN simulation.

A. Energy demand and CO, emissiéns in the baseline scenario

The first step in the exercise involved simulating a plausible "business-as-usual" (BaU) path of

emissions, i.e. the path that CO, emissions would be expected to take in the absence of policy actions to

_ curb their growth?>. The BaU path then determines the required magnitude of the cut in emissions needed

to achieve the Community’s stabilisation target. The assumptions about GDP and population growth rates
underlying the BaU path are taken from the Energy Modelling Forum 12 (1991) guidelines.

Figure 3 shows the composition of energy demand by the EC over the simulation period in the
BaU scenario. Apart from the steady increase in overall energy demand, three features are noteworthy over
the 2010-2050 period: i) the opposite trends of oil and coal consumption; ii) the increasing penetration
of the synthetic fuel backstop; and iii) the very limited inroads of the carbon-free electricity backstop. The
switch from oil towards coal and the synthetic fuel reflects the steady rise of the (endogenous) real oil price
over the simulation period, which is related to the rise in the world energy demand and the depletion of
oil reserves in the Energy-exporting LDCs from around 2030 on. The rise in the oil price makes it
profitable to substitute oil with a cheaper alternative, such as coal, and with costlier alternatives, such as
the synthetic fuel and the carbon-free electricity backstop, as soon as these become available in 2010.
However, even by the end of the simulation period, the carbon-free electricity backstop remains a marginal -
energy source (less than 5 per cent of total energy demand), due to its high relative price.

Figure 4 shows the regional distribution of global carbon emissions in the BaU scenario.
Emissions growth over the period to 2050 depends on three main factors: i) projections of GDP growth;
ii) movements in real oil prices; and iii) the phasing-in of backstop technologies. The projected
deceleration of GDP growth rates tends to slow down emissions growth in the non-OECD countries in the
next century. As noted above, the rise in the real oil price encourages substitution towards coal, thereby
tending to increase emissions growth. Backstop options affect emissions growth differently, depending
upon whether the backstop is "clean" or "dirty". For example, the phasing-in of the carbon-free electricity
option in some OECD countries (mainly Japan) contributes to a sharp fall in emissions growth in the OECD
area in the first decade of the next century. But after 2010 this effect is more than offset by the growing
penetration of the "dirty" synthetic fuel option in OECD countries.

The net outcome of these opposing trends is a stable 2 per cent per annum growth rate of global
emissions, yielding almost 19 billion tons of carbon by 2050. The regional distribution of emissions
changes sharply over this period. The OECD countries, which accounted for 49 per cent of global
emissions in 1985, only account for 26 per cent in 2050. Similarly, the EC share of global emissions falls
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over the same period from 14.4 per cent to only 6.7 per cent. The rising share of non-OECD emissions
reflects above-average GDP growth in several coal-intensive non-OECD countries (such as China and India)
and the tendency to switch further towards coal due to rising oil prices. This is exacerbated by the large
_ coal subsidies that keep domestic coal prices well below the world price in China, India, the former Soviet
Union and the CEECs. »

B. The effects of the EC proposal on the EC

Figure 5 shows the decomposition of energy demand in the EC following the implementation of
the Commission’s proposal. The tax gives rise to both energy conservation and energy substitution effects.
As expected, overall energy demand is lower than in the BaU and even declines slightly with respect to
1985 levels. The decline in energy demand by the EC has a depressing effect on the real world oil price
(see Figure 6) until 2030, when the supply constraint becomes binding for the Energy-exporting LDCs.
Changes in the composition of demand compared with the BaU reflect the carbon-content component of
the tax, as well as the different time profile of the oil price. These factors prevent substitution from oil to
coal, bringing about a decrease of the coal share relative to BaU, and limit the penetration ¢{ the "dirty"
synthetic fuel backstop. At the same time, they imply a larger consumption of the carbon-free :'ectricity
backstop (more than 10 per cent of total energy demand by 2050), which becomes increasingly com;.=titive
as the gross-of-tax price of oil rises at the end of the simulation period due to the tighter resource consu™ 'nt
in the Energy-exporting LDCs.

These developments in energy demand have an important impact on EC carbon emissions relative
to the BaU. Table 2 shows CO, emissions and their percentage deviations from BaU levels over the
simulation period. As a result of imposing the energy-cum-carbon tax, EC emissions in 2000 are simulated
to be 13 per cent below the BaU level; this is slightly more than would be required to achieve stabilisation
at 1990 levels -- emissions in 2000 are 5 per cent lower than in 1990. Maintaining the tax after 2000
continues to exercise a restraining effect on EC emissions: by 2050, they are almost 40 per cent below the
BaU level. As noted above, the imposition of the tax encourages a switch away from coal and the "dirty"
synthetic fuel back-stop towards oil at first and the carbon-free electric back-stop after 2010.

Changes in relative prices implied by the carbon-cum-energy tax have significant impacts at the
sectoral level in the EC. Table 3 shows the (cumulated) sectoral output changes relative to baseline for the
eight conventional production sectors distinguished in GREEN. Not surprisingly, losses are particularly
serious for the coal industry but sizeable losses are also simulated for the gas and refined oil sectors, mainly
due to the energy component of the tax. The output loss in the energy-intensive industry is moderate
(-3.5 per cent), even though no tax exemption was simulated for the energy-intensive industry. “This can
‘partly be explained by the small share of coal -- the hardest hit energy source -- in total intermediate
consumption in this sector m the benchmark year (2.2 per cent). The output losses in the other sectors are
irrelevant.

The economic costs to the Community, in terms of lower output and welfare, of achieving the
commitment to stabilise emissions in 2000 are very small (see Table 4). Real GDP is almost 1/2 of
a percentage point below its BaU level in 2010 and the output loss rises slowly to 0.6 per cent by 2050.
These output losses are slightly lower than those reported by a simulation undertaken for the Commission
by DRI using its econometric models for eight Member States: this estimated that GDP would be 0.8 per
cent lower than baseline after 15 years; they are, however, very close to those reported in Manne and
Richels (1992) using the Global 2100 model. The estimated welfare effects are very similar to the GDP
losses until 2030. After 2030, the EC suffers a growing terms-of-trade 1oss -- due to the increase in the
price of crude oil -- whichaggravates its welfare loss (see Figure 7). By 2050, EC real income is almost
1 1/2 per cent lower than its BaU level. However, over the whole period, the welfare loss to the EC is only
-0.5 per cent (in present values computed assuming a fixed discount rate of 1 1/2 per cent).

11



C. Global effects

4 Although the simulated tax policy ’appears to overshoot the Commission’s stabilisation target
slightly, the contribution of this policy to global emissions reduction is negligible: at 18.5 billion tons of
carbon in 2050, global emissions are only 2.5 per cent lower than in the BaU.

The global ineffectiveness of the EC policy is mainly due to the declining EC share of global
emissions in the BaU, but part of it can be attributed to the phenomenon of "carbon leakages". As the
result of the competitiveness loss to European industries after imposing the tax, industries in other regions
may become more energy-intensive. To the extent this occurs, CO, emissions may increase in these other
regions, hence the term "carbon leakages". But leakages can be negative as well as positive since income
effects resulting from the imposition of the tax may lead to declines in CO, emissions in regions that do

not follow the EC action. The magnitude of the ner leakage effect is measured in GREEN in terms of the

ratio between the change in emissions outside the EC and the size of the emissions cut in the EC. The time
profile of this ratio and its subdivision among OECD and non-OECD countries are shown in Figure 8. In
GREEN, the carbon leakages induced by the EC proposal are moderate: they peak around 11 per cent by
2000, and then decline thereafter to zero by 2050.

Positive leakages result from a shift in the comparative advantage of producing energy-intensive

~goods away from the EC towards the other OECD regions and certain non-OECD regions, notably the

former Soviet Union, the CEECs and RoW (Figure 9). The negative leakages are due, in part, to income

effects related to the contraction of oil exports from the Energy-exporting LDCs; they also occur in some

other regions via inter-fuel substitution. For example, imposing the carbon/energy tax puts downward

pressure on the world oil price and this creates less incentives to substitute away from oil in coal-intensive
regions, like China.

The extent of the estimated carbon leakages implied by unilateral emission abatement policies
depends on two main factors. First, the degree of trade linkages between countries participating in the
unilateral agreement and the rest of the world. The decomposition of carbon leakages in the other OECD
and non-OECD countries (Figures 9a,b) shows that most of the carbon leakages induced by the EC carbon-
cum-energy tax occur in the other OECD countries. Simulations extending the Commission’s tax proposal
to all OECD countries yield net carbon leakages that peak at around 3 per cent, due to the relatively small
trade flows between the OECD and non-OECD areas. Second, the supply elasticities of fossil fuels are
important. The lower these elasticities the higher the carbon leakages, since the decline in the prices of
these fuels due to the contraction of demand in carbon-constrained countries will generally lead to an
increase in fossil fuel consumption elsewhere. For instance, the profile of net leakages observed in Figure 8
partly reflects the reaction of the real world oil price to the EC restrictions (Figure 6), which is driven by
the oil supply elasticity of the Energy exporting LDCs given the assumption of perfect competition in the
‘world oil market®*,

The EC emission abatement policy has little effect on welfare in other regions of the world
(Table 4). The only other region which is affected by the EC tax is the Energy-exporting LDCs. Not
surprisingly, this region records lower output and welfare as the imposition of the tax cuts back on EC oil
imports. Real output and welfare in the Energy-exporting LDCs is 1/4-1/2 of a percentage point below its
BaU level over the period 2000-2050. Its welfare loss reaches a maximum of 1 per cent in 2010 before
fading away post-2030 as its terms of trade recover. Its average welfare loss over the whole period (in
present values) is -0.6 per cent. .
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IV. SUMMARY AND CONCLUSIONS

In this paper the OECD’s GREEN model was used to analyse the effects of the carbon-cum-energy
tax proposed by the European Commission on CO, emissions and welfare in the EC and in the rest of the
world. The results of the simulation exercise suggest the following conclusions:

- The Commission’s tax proposal is successful in achieving its target of stablhsmg EC

emissions at 1990 levels by the year 2000. - In fact, due to important energy conservation and
interfuel substitution effects, the proposed tax policy overshoots this target slightly and implies
a continuing emission reduction over the longer run.

The contribution of the EC action to global emission reduction is irrelevant, since the EC

_share of global emissions is projected to decline over time due to the shift in the regional

distribution of emissions towards non-OECD countries.

The trivial impact of the EC action in curbing world emissions cannot be accounted for by
"carbon leakages" to other regions. Net leakages remain moderate throughout the
simulation period, partly due to the existence of negative leakages, i.e. reductions in CO,
emissions relative to baseline, in some non-OECD countries.

The welfare costs implied by the Commission’s tax proposal are small, both in the EC and
in other regions of the world. '

: Given the nature of the simulated policy and the particular assumptions underlying the GREEN
model, these conclusions must be qualified in several ways. First, the impact of the Commission’s proposal
on EC emissions may be overstated, since only the carbon-cum-energy tax was retained in GREEN, while
other provisions -- such as sectoral exemptions form the tax -- were ignored. Second, the simulation may
have overstated the shift in the distribution of emissions towards non-OECD countries to the extent that
existing energy subsidies in many of these countries -- such as China, India, the former Soviet Union and
the CEECs -- were assumed to remain unchanged over time. Third, as explained in the text, the degree
of carbon leakages may be particularly sensitive to assumptions concerning international capital mobility,
the differentiation of goods in international trade and the behaviour of the oil price. Finally, the short-run
welfare costs of the tax policy may have been understated given the limited sectoral dlsaggreganon and the
assumption of perfect intersectoral labour mobility.
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Table 1. Key dimensions of the GREEN model

Producer sectors Consumer sectors
1) Agriculture 1) Food, beverages and tobacco
2) Coal mining 2) Fuel and power
3) Crude oil 3) Transport and communication
4) Natural gas 4) Other goods and services
5) Refined oil _
6) Electricity, gas and water distribution
7 Energy-intensive industries
8) Other industries and services
9) Carbon-based back-stop (1)
10) . Carbon-free back-stop (2)
11) Carbon-free electric back-stop (3)
Regions Primary factors (4)
1) United States D Labour [1]
2) Japan 2) Sector-specific "old capital" [8] -
3) EC 3) . "New" capital [1] '
4) Other OECD (5) 4) Sector-specific fixed factors for each ‘
5) Central and Eastern Europe (6) fuel {4]
6) The former Soviet Union 5) Land in agriculture [1]
7 Energy-exporting LDCs (7)
8) China
9) India -
10) Dynamic Asian Economies (8)
11) Brazil
12) Rest of the World (ROW)-
1. Liquid synthetic fuel derived from coal or shale. ‘
2. Carbon-free liquid fuel (e.g. such as derived from biomass).
3. Carbon-free electricity not derived from hydro or nuclear fission sources (e.g. nuclear fusion, solar
or wind).
4, Figures in square brackets and bolded represent the number of each primary factor in each
regional sub-model.
5. Australia, Canada, New Zealand, EFTA (excluding Switzerland and Iceland) and Turkey.
6. Bulgaria, Czechoslovakia, Hungary, Poland, Romania and Yugoslavia.
7. This grouping includes the OPEC countries as well as other oil-exporting, gas-exporting and
coal-exporting countries. For a full listing of the countries, see Table 4 in Burniaux et al.
(1992a). ,
8.. Hong Kong, Philippines, Singapore, South Korea, Taiwan and Thailand.
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Table 4. Welfare losses: policy scenario (EC Proposal)

GDP losses

(Perccnt@e deviation relative to Ball)

1995 2000 2005 2010 2030 2050
United States 0.0 0.0 0.0 0.0 0.0 0.0
Japan 0.0 0.0 0.0 0.0 0.0 0.0
EC -0.1 -0.2. -0.3 -04 -6.6 -0.6
Other OECD 0.0 0.0 0.0 6.0 0.0 0.0
Energy-Exporting LDCs -0.2 -0.3 -04 -04 -0.3 -0.3
China 0.0 0.0 0.0 0.0 0.0 0.0
Ex-USSR 0.0 " 00 0.0 0.0 0.0 0.0
India 0.0 0.0 0.0 0.0 0.0 0.0
CEECs 0.0 0.1 0.1 0.1 0.1 ' 0.1
DAEs 0.0 0.0 0.0 0.0 0.0 0.0
. Brazil 0.0 0.0 0.0 0.1 0.1 0.1
ROW 0.0 0.0 0.0 0.0 0.0 0.0
OECD, excluding United States -0.1 .01 -0.1 -0.2 -0.2 -0.2
Total OECD 0.0 -0.1 -0.1 -0.1 -0.1 -0.1
World 0.0 -0.1 -0.1 -0.1 -0.1 -0.1

Household real income losses (1)
(Percentage deviation relative to Bau)

1995 2000 ' 2005 2010 2030 2050
United States 0.0 0.0 00 0.0 00 00
Japan 0.0 0.1 0.1 0.1. 0.0 0.0
EC 0.0 02 -0.3 -0.6 -0.8 -14
Other OECD 0.0 -0.1 -0.1 -0.1 -0.1 0.0
Energy-Exporting LDCs -04 -0.8 -1.0 -1t -04 -0.1
China -0.1 -0.1 -0.1 <0.1 0.0 0.0
Ex-USSR -0.1 -0.1 -0.1 -0.1 0.0 0.0
India 0.0 0.0 0.0 .00 0.0 0.0
CEECs 0.0 Q.I 0.1 0.2 0.1 0.0
DAEs 0.0 0.0 0.1 0.1 0.0 0.0
Brazil 0.1 ' 0.2 02 03 0.1 0.1
ROW -0.1 -0.2 . -0.2 «0.1 -0.1 0.0
OECD, excluding United States 0.0 -0.1 -0.1 _-0.3 -04 -0.5
Total OECD 0.0 0.0 -0.1 -0.1 -0.2 -0.3
World -0.1 0.1 02 02 02 02

Hicksian equivalent variation.
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10.

Notes

The authors would like to thank John Martin and Jean-Marc Burniaux for useful suggestions and

. comments on an earlier draft of this paper. We also want to thank Laurent Moussiegt and

Christophe Complainville for very helpful statistical assistance. The views expressed are those
of the authors and do not necessarily represent those of the OECD.

For a survey of six such global modcls, see Dean and Hoeller (1992).

For instance, the CRTM model of Rutherford (1992) and the model by Whalley and Wigle (1992)
model trade flows consistently but adopt the Heckscher-Ohlin specification. On the other hand,
the Global 2100 model of Manne and Richels [see Manne (1992)], the Edmonds-Reilly model [see
Barns et al. (1992)] and the IEA model [see Vouyoukas (1992)] do not endogenously determine
trade flows for all goods.

The Global 2100 model of Manne and Richels [see Manne (1992)] incorporates adjustment costs,
but the regional detail is limited and trade links are lacking for most sectors. The CRTM model
of Rutherford (1992) also incorporates adjustment costs, but the number of regions is smaller than
in GREEN and bilateral trade links are lacking. The Edmonds-Reilly model [see Barns e al.
(1992)] and the IEA model [see Vouyoukas (1992)] have detailed treatments of adjustment costs
in the energy sector, but both use a partial equilibrium framework. The model by Whalley and
Wigle (1992) is static.

The assumption of perfect competition in the world oil market is shared by the Edmonds-Reilly
and Whalley-Wigle models. Other models, such as Global 2100, assume an exogenous world oil
price. The CRTM model also assumes an exogenous international oil price, but the pnce is
determined competitively within the RoW region, which includes OPEC.

In Global 2100, _households and firms are assumed to take intertemporal decisions based on
perfect foresight.

Backstop technologies are assumed to become available in all regions in 2010. The carbon-free
electricity option is the most expensive of the three backstops. Data on the costs of these backstop
options are taken from the guidelines laid down by the Stanford-based Energy Modelhng Forum
No. 12 exercise on the costs of controlling CO, emissions.

Fossil and non-fossil fixed factors correspond to available resources of coal, natural gas, crude
oil and the carbon-free energy source, which includes hydroelectric and nuclear power. These are
primary factors, which earn the rents associated with their scarcity.

By assumption, backstop products are produced with capital and labour only and are not traded.

The productlon technology combmes nested-CES and Leontief production functions (see

Figures 1a,b).
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11.

12.

13.

14.

15.

-16.

17.

18.

19.

20.

21.

22,

23.

Consumer preferences are specified as an "extended linear expenditure system" (ELES). See Lluch
(1973).

In making this choice, consumers face the same range of conventional and backstop energy
products as firms.

The government can run deficits (surpluses) but the consequences of the accumulation of net
government liabilities (assets) are not taken into account in the model.

An alternative strategy would be to levy the tax at the point of production, e.g. at the coal mine
or well head. This would have a major impact on the international incidence of the tax. For a
good discussion of these issues, see Whalley and Wigle (1991).

Since no separate carbon-free electric sector is distinguished in GREEN, the tax is apphed at the
level of the fixed factor in the electricity sector.

Natural gas and coal are assumed to be heterogeneous goods due to transportation costs. These
Costs are typically much higher for natural gas and coal than for crude oil. ;

Countries can run current account deficits (surpluses), but no account is taken of international
income flows associated with changes in the stock of net foreign assets.

This means that GREEN cannot quantify the efficiency effects of shifts in the structure of taxation
-- an issue that has been analysed by Goulder (1991).

Static expectations are typically inconsistent with actual economic outcomes over time. Therefore,
future events -- such as pre-announced carbon taxes or depletion of exhaustibie resources -- do
not have any influence on agents’ decisions and market outcomes, until they actually occur. The
leading alternative expectational hypothesis is perfect foresight. However, in practice, no software
currently exists which is capable of solving a large multi-sector, multi-region dynamic AGE model
such as GREEN under the hypothesis of perfect fores1ght. This technical issue is discussed in
Pereira and Shoven ( 1988).

The model assumes a constant capital/labour ratio (in efﬁciency units) over the simulation period.

The tax expressed in US$ per barrel can be converted into excise taxes in US$ per Terajoule and

- US$ per ton of carbon using the following conversion factors:

1 barrel of oil = 0.00572 terajoules = 0.11855 tons of carbon.

Thus, the $10 per barrel of oil tax equivalentv translates into a tax of $874.34 per terajoule and

$42.18 per ton of carbon.

The BaU scenario also assumes that the large observed differences in energy prices across regions -
in the benchmark (1985) year reflect the marginal social costs of energy production in each region
and do not change over time. The implications of this assumption about energy pricing policies
are explored in Burniaux ef al. (1992b).

After 2010 two additional factors come into play. On the one hand, the EC can cut emissions
more efficiently by reducing consumption of the synthetic fuel backstop; this implies a smaller
decline in the world oil price. On the other hand, the shrinking oil reserves lead to an increase
in the real world oil price after 2030. These factors lead to a progressive decline in net leakages.
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24.

Other potentially important factors affecting carbon leakages include the degree of differentiation
of goods originating from different countries and the degree of international mobility of capital.
Sensitivity analysis raising the elasticities of substitution in international trade showed that net
carbon leakages increase as goods become more homogeneous across countries. On the other
hand, the assumption in GREEN that capital is non tradeable is likely to imply an underestimation
of net carbon leakages, since with capital mobility CO,-emitting industries could be relocated to
countries in which the tax is not imposed.
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