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THE COSTS OF REDUCING CO, EMISSIONS: EVIDENCE FROM GREEN

This paper presents simulation results wusing the OECD Secretariat’s
GREEN model to quantify the economic costs of possible international agreements
to curb (O, emissions. These results supersede the initial GREEN results
published in Working Paper no. 103 in June 1991.

The first section of the paper summarises the analysis and draws some
. conclusions for policy. Section II of the paper reviews the so-called
Business-as-Usual scenario and presents some sensitivity analysis . around it.
Section. III considers international agreements under which emission curbs are
only applied by the OECD countries or the EC and no actions are taken by the

non-OECD regions. Particular attention is paid to the possibility that
unilateral action by the OECD countries might give rise to so-called "carbon
leakages", i.e. higher emissions in the non-OECD regions. Section IV extends

the coverage of the international agreements to embrace the non-OECD countries.
It quantifies the gains from cost-effective agreements and explores how a
common equilibrium carbon tax or tradeable permits affects the distribution of
gains and losses across regions. The final section deals with eliminating
existing distortions in energy prices.

: Cette étude présente les résultats des simulations utilisant le modéle
GREEN, construit par le Sécretariat de 1'0CDE, qui a pour objectif 1la
quantification des cofits économiques des éventuels accords internationaux pour
réduire les émissions de CO,. Ces résultats remplacent les résultats
préliminaires obtenus avec GREEN, publiés dans le document de travail no. 103
en juin. 1991. ' : ’

_ La premiére partie de cette étude résume 1'analyse et tire quelques
conclusions de politique économique. La section II passe en revue le scénario
de réference ainsi que les facteurs auxquels ce scenario est particuliérement
sensible. La section III considére les accords internationaux pour lesquels
les réductions d'émissions sont seulement appliquées dans les pays de 1'OCDE ou
dans la CE et aucune action est prise par les régions non-OCDE. Une attention
particuliére a été donnée a la possibilité que des actions unilatérales par les
pays de 1'OCDE donnent 1lien & des "fuites de carbonne", i.e., qu’elles
conduisent 3 une augmentation des émissions dans les régions non-OCDE. Dans la
section IV, la couverture des accords internationaux est élargie aux pays -
non-OCDE. Les gains d’'un accord efficient du point de vue des coiits sont
également quantifiés de méme que sont analysées les implications d’une taxe
commune a4 tous les pays et des échanges de droits & polluer sur la distribution
regionale des gains et pertes. La section finale traite de l'élimination des
distortions existantes des prix de 1l’'énergie.

Copyright OECD, 1992
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THE COSTS OF REDUCING CO, EMISSIONS: EVIDENCE FROM GREEN

by

Jean-Marc Burniaux, John P. Martin, Giuseppe N1colett1
and Joaquim Oliveira Martins (1)

I. Summary and Conclusions

In recent years there has been growing concern that human activities may
be affecting the global climate through - growing atmospheric concentrations of
"greenhouse gases" (GHGs): carbon dioxide (CO;), methane, chlorofluorocarbons
(CFCs) and nitrous oxide. The Intergovernmental Panel on Climate Change (IPCC)
estimates that the average rate of increase of global mean temperature over the
next century could be about 0.3°C per decade (with an uncertainty range of
0.2°C to 0.5°C), if no actions are taken to reduce GHG emissions (2). Such
warming could have major impacts on economic activity and society. As a
result, policy makers have begun to consider various ways of curbing emissions
‘of GHGs and the likely costs and benefits of such actions.

CO, has contributed over half of the global warming in the past and is
expected to contribute ‘the same share in the future. Furthermore, around
75 per cent of man-made CO, emissions arise from the burning of fossil fuels,
with the remainder coming from defcrestation and cement production. Given the
phasing out of CFCs under the Montreal and London Protocols and the great
uncertainty about the sources of methane, much of the policy discussion on
global warming has focused on the need to curb CO; emissions.

The OECD Secretariat has developed a multi-region, multi-sector,
dynamic  applied general equilibrium (AGE) model -- GREEN (the GeneRal
Equilibrium ENvironmental model) -- to quantify the economy-wide and global
costs of policies to curb CO; emissions. The purpose of this paper is to
present simulation results with GREEN, using alternative policy instruments
(e.g. carbon taxes, energy taxes and tradeable permits) to achieve emission
reduction targets, in the context of agreements in which only the OECD
countries act to cut their emissions (Section III) and agreements in which all
countries participate (Section IV). The <effects of removing existing
distortions in energy prices across regions are also examined (Section V). All
of these alternatives are presently under consideration in the context of a
possible global convention on climate change.

The new version of the GREEN model differs from the version published in
Burniaux et al. (1991) (complete details are provided in the Technical
Manual -- see Burniaux et al. (1992): .

-- The time horizon has been extended to the year 2050 (previously
2020) (3).



-- Back-stop technologies, i.e. new energy sources coming on stream in
the future when relative energy prices are sufficiently high, have
been introduced both for fossil fuels and electricity..

-- A putty/semi-putty production structure has been introduced, to model
adjustment costs. :

-- The world oil price has been endogenised.

-- The regional breakdown of the world economy  has been extended to
cover 12 regionms. :

The main dimensions of the GREEN model (sectors, regions and factors) are
listed in Table 1. :

The current version of GREEN has the following limitations:

-- The ‘potential-benefits of curbing CO, emissions, in terms of slowing
climate change and reducing airborne pollutants such as nitrogen
oxides, sulphur oxides, carbon monoxide and suspended particulates,

are not taken into account (4).

-- Other greenhouse gases -- CFCs, methane and nitrous oxide -- are not
included. : - :

-- Energy taxes and subsidies are the only distortions incorporated
explicitly. » -

-- The set of policy instruments to curb emissions is limited to carbon

taxes, energy taxes and tradeable permits. Command-and-control
instruments, e.g. emission standards, cannot be simulated for the
moment.

-- The o0il market is treated as being perfectly competitive (35).

-- Expectations about future events .do not affect current saving and
investment (6). :

The contribution of GREEN to the growing literature on the CO; issue is to
combine a large regional coverage with a consistent treatment of world trade
flows and energy price distortions (7). This makes it well suited to analysing
the effects of international agreements upon output, economic welfare,
international competitiveness and trade.

In GREEN, if no actions are taken to curb. CO, emissions (i.e. the
so-called Business-as-Usual (BalU) scenario), global emissions are projected to
grow at 2 per cent per annum from 1990 on, to reach 19 billion tons of carbon
.in 2050. By the year 2050, China would account for almost 30 per cent of world
emissions, a larger share than the OECD countries, because of the growing
importance of coal as an energy source. The evolution of emissions over the
next half century, though, is linked very strongly to assumptions about
economic. growth, the growth of world population and key model parameters such

as the magnitude of inter-fuel substitution and the rate of energy efficiency
improvement.



The threat of -global warming is a result of increasing (O,
concentrations in the atmosphere, among many other factors. As an example of
the orders of magnitude involved, the IPCC has noted that to stabilise CO,
concentrations by the middle of the next century at about 450 parts per million
compared with 350 currently, might require cutting back man-made global CO;
emissions to about 4 billion tons of carbon per year by 2050. Relative to the
GREEN BaU scenario, this represents a cut of 80 per cent in the year 2050. How
does this compare with emission cuts now discussed in the context of a climate
convention? - How to achieve these, or any other, cuts at minimum cost? How to
ensure the participation of all major COj-emitting countries in international
agreements to reduce global emissions?

The GREEN simulations presented in this paper have been designed to
answer these questions. An overview of the simulations is presented in
Table 2. The first two simulations consider agreements under which emission
curbs are only applied by the OECD countries or the EC, and no actions are
taken by the non-OECD regions. Particular attention is paid to the possibility
that unilateral action by the OECD countries might give rise to carbon
leakages, i.e. the possibility of higher emissions in the non-0ECD regions.
Scenario 3 extends the coverage of - the international agreements to both OECD
and non-OECD countries. Scenarios 4 and 5 analyse cost-effective international
agreements, exploring how a common equilibrium carbon tax or tradeable permits
affects the distribution of gains and losses across regions. The final three
scenarios deal with eliminating energy price distortions. '

Actions by the OECD countries alone to stabilise emissions in 2000 at
1990 levels -- a target which corresponds roughly to their announced
commitments to combat global climate change -- would result in an average
cut-back of OECD emissions of 43 per cent below BaU levels by 2050. This,
however, leads to a fall of only 11 per cent in global emissions in 2050; this
highlights the key message that action to tackle the climate change issue must
include the major non-OECD countries if it is to have any hope of success.
Carbon leakages are negligible when all OECD countries act together to curb
emissions but they become larger when “only the EC takes action. The cost to
the OECD countries of achieving this stabilisation target is very small: their
real income is 0.6 per cent lower in present values (8).

A Toronto-type agreement (Scenario 3) would cut world emissions in 2050
by two-thirds below BaU levels, implying continuing growth in atmospheric
concentrations. Given the wide differences in marginal costs of abating
emissions across regions, this is not a cost-effective agreement, suggesting it
would be impossible to commit countries to implement it. A cost-effective
agreement (Scenario 4) could potentially be achieved by imposing the ' same
carbon tax on all participating countries ($140 per ton of carbon in 2050),
leaving each country free to achieve the optimal reduction of its emissions.
As a result of this cost-effective reallocation of emissions cuts, the global
welfare loss is only 1 per cent (in present values), 1 percentage point lower
than under a Toronto-type agreement in which each region has to achieve
specific reductions. Emission reductions are shifted from countries in which
the marginal cost of cutting emissions is higher -- mainly the OECD countries
and some semi-industrialised LDCs -- to coal-based economies where emission
curbs can be achieved at a lower marginal cost. The Energy-exporting LDCs
benefit from this reallocation as carbon reductions are achieved by cutting.
back more on coal instead of o0il use. The OECD countries contribute less to



the global emissions reduction than in the previous scenario and the coal-based
economies (China, India, the former Soviet Union and the CEECs) bear more of
the burden of stabilising world emissions.

" Although a Toronto-type agreement which imposes a  common carbon tax
across all regions is less costly for the world as a whole, it still implies
significant welfare costs for some non-OECD regions. These regions are
unlikely to be willing to implement such an agreement unless they are offered
some compensation. This could potentially be achieved by extending the scope
of , the agreement to allow participating countries to trade emission rights
(Scenarlo 5). A central consideration, of course, is the allocation of
emission rights which has a major impact on the distribution of gains and
losses associated with a cost-effective allocation of carbon cuts across
regions. ’ '

Energy markets are characterised by large cross-country differentials in -
prices of fossil fuels. A major explanation for these differentials 4is the
existence of domestic distortions represented by taxes and subsidies; this
factor is particularly important in some non-OECD regions, such as the former
Soviet Union, the CEECs, India and China, which subsidise primary energy use
heavily. In GREEN, these distortions are proxied by aggregate wedges between
domestic and "world" prices of fossil fuels: averaged over all 12 regions,
fossil fuels appear to be subsidised by between 15 to 33 per cent.

An international agreement was simulated which commits all regions to
eliminate these distortions gradually over the period 1990-2000 (Scenario 6).
Removing these energy taxes/subsidies has a major impact on global emissions:
by 2050, these are 20 per cent below their BaU level with all of the reduction
coming in the non-OECD regions. Not only does elimination of these distortions
serve to lower world emissions significantly, it also produces welfare gains
for some regions. Real income, averaged across all regions, is 1/2 per cent
(in present values) above its BaU level, with particularly large gains in the
former Soviet Union and the CEECs. Some of the countries in these latter
regions are currently implementing policies designed to lower their subsidies
to energy use and this step could produce large gains for them. It could also
form part of the basis for an international agreement to curb CO, emissions
provided that some provision is made fo: compensating the losers.

To illustrate this, a Toronto type agreement, allowing for tradeable
permits, was combined with the removal of existing distortions (Scenario 8).
This stabilised emissions at zero cost for the non-OECD regions as a whole.
But large inequalities still remain in the way gains and losses are distributed
among them. This suggests that alternative endowments of tradeable permits
should be 1nvest1gated in order to improve the distribution of gains and losses

across non-OECD regions (9). However, this scenario illustrates that a
substantial reduction of world emissions can be achieved at no cost for the
non-QECD countries taken as a whole, whereas OECD countries lose less than in

the Toronto- -type scenarlo w1th no permits trading and no removal of existing
distortions.



II. Business-as-Usual (BaU) Path of CO, Emissions

The business-as-usual (BaU) path is the path that CO; emissions would be
expected to take in the absence of policy actions to restrain their growth. It

determines the required magnitudes of the cuts in emissions needed to achieve
any given target. The assumptions about GDP and population growth rates
" underlying the BaU scenario are taken from the guidelines laid down for EMF12
and the model comparisons project (see Table 3).

The world oil price is endogenous in GREEN from 1990 on; its tlme path
is related to the depletion of 0il reserves in the Energy-exporting LDCs (10).
The potential oil supply constraint becomes binding around 2030, thereafter oil
output declines by over 2 per cent per annum until 2050. From 1985 to 1990,
the world oil price is set exogenously at its historical level. It then rises
steadily in real terms <to 2030, at an average annual rate of 1.7 per cent.
From 2030 to 2050, the rate of price increase slows (to 1.1 per cent per year)
as oil competes with the carbon-based synthetic fuel.

‘Two important assumptions about policies underlie the BaU path in GREEN.
First, no allowance is made for the commitments <to reduce CO; emissions which
have been announced by OECD countries. Second, the distortions in energy
prices across regions in the benchmark (1985) year do not change over time.
This latter assumption about energy pricing policies has a major impact on the
results, as shown in Section V.

A. Composition of energy demand

18. Figure 1 shows the shares of primary energy demands in the OECD and the
non-0ECD regions accounted for by the fossil fuels and the three back-stop
options  (carbon-based synthetic fuels,  carbon-free 1liquid fuel and a

carbon-free electric option). The most striking trend is the steep rise in the
share of coal: wup from 29 per cent in the OECD area in 1985 to 43.per cent in
2050 and from 37 to 63 per cent in the non-0ECD reglons The rising 1mpottance
of coal comes at the expense of o0il, especially in the OECD area.

All <three back-stop energy sources are assumed to be available in
virtually infinite supply from 2010 on. From 2030 on, 0il use in the OECD area
is rapidly replaced by the carbon-based synthetic fuel which accounts for
almost 20 per cent of total energy demand by 2050. Beginning in 2010, the
carbon-free electric option acts as the marginal energy source in the OECD
countries. However, it only makes important inroads as an energy source in
Japan, where it replaces all conventional electricity by 2030.

In sharp contrast to the OECD regions, the non-OECD regions make no use
of the back-stop options: by 2050, the carbon-based synthetic fuel only
accounts for 2 per cent of their total  energy demands. Total energy demand
also increases much faster in the non-OECD regions than in the OECD area: the
annual growth rate is 2.3 per cent over the period 1985-2050 compared with
0.8 per cent in the latter. :

The main explanation of why back-stop technologies are not used by the
- non-0ECD regions lies in the existence of price distortions on primary fossil



fuels in some major countries/regions such as China, India, the former Soviet
Union and the CEECs. Table 4 shows that fossil-fuel prices, particularly for
coal, were heavily subsidised in these regions in 1985 (the benchmark year in
GREEN) (11). Since it is assumed in the BaU scenario that these subsidies are
not eliminated, fossil-fuel prices in most non-0ECD regions do not reach the
. break-even levels at which back-stop options become profitable.

B. COy emissions

Emissions growth over the period.to 2050 depends on several factors.
First, it reflects the projections of GDP growth; on the basis of this factor
alone emissions growth would be expected to slow down in the next century and
such deceleration does indeed occur after 2010 in the non-OECD regions (see
Table 5). Second, as noted above, the rise in the real o0il price encourages
substitution towards coal, thereby tending to raise emissions growth. Third,
the phasing-in of back-stop options also affects emissions growth, depending
upon whether the back-stop is "clean" or "dirty". For example, the phasing-in
of the carbon-free electricity option in 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 downward pressure on OECD emissions growth is more than offset
by the growing penetration of the "dirty" synthetic fuel option in the OECD

countries. Because of the high cost differential vis-4-vis conventional
electricity sources, the carbon-free electric back-stop only makes a small
inroad in the OECD countries -- it accounts for under 11 per cent of energy

demand in 2050.

The net outcome of these opposing trends is a stable 2 per cent per
annum growth rate of global emissions (Table 5), yielding almost 19 billion
tons of carbon by 2050 (Figure 2). 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.
This is offset by the growing importance of China: its share rises from
9.5 per cent in 1985 to 29 per cent in 2050. Rapid growth of emissions in
China reflects its above-average growth rate and a switch towards coal. This
is exacerbated by the low domestic prices of coal relative to world prices in
China, India, the former Soviet Union and the CEECs. Together, these four
regions account for 55 per cent of global emissions in 2050 compared with
36 per cent in 1985. So 1long as these regions maintain their large coal:
subsidies, neither of the carbon-free back-stops becomes competitive with coal.

C. Sensitivity analysis around the BaU emissions path

Since the BaU emissions path is a crucial element in quantifying the
costs of measures to restrict emissions, it is important to assess its
sensitivity to key exogenous variables (GDP and population growth) and
parameters [the autonomous energy efficiency dimprovement (AEEI), the
inter-energy elasticity of substitution and the coal supply elasticity]. In
each case, the reference scenario was re-run for the following variants:

10



GDP: the projected annual growth rates were lowered by
1 percentage point in all regions;

Population: the U.N. "high"- and ‘“"low-fertility" variants were
: run, assuming that the region-specific growth rates
of GDP per capita, implicit in the EMF12 GDP

projections were maintained;

AEET: its annual growth rate was halved to 0.5 per cent in
all regions;

e 2 Inter- its long-run value was cut in half from 2 to 1 and
elasticity of the corresponding short-term elasticity was also
substitution: halved from 0.25 to 0.12;

upply elastici -the upward supply elastlclty was cut over t1me from
for coal: 4-5 to 2 in a11 regions.

Under the lower GDP growth scenario, global emissions in 2050 would be
10.2 billion tons. The range of wvariation in the other five scenarios is
between 17 and 22 billion tons. It is worth noting that the updated IrCC
scenarios range from 7.5 to over 20 b11110n tons in 2050.

Emission levels in GREEN are very sensitive to the assumptions made
about GDP and population growth. Among the three model parameters, both AEEI
and the inter-energy elasticity of substitution are more important determinants
of emissions than the coal supply elasticity. Halving the AEEI parameter
produced 11 per cent more global emissions in 2050; halving the inter-energy
substitution elasticity lowered global emissions by 13 per cent in 2050, with
virtually all of the reduction occurring in the non-OECD regions. In contrast,
lowering the coal supply elasticity only cut global emissions by 3 per cent.
Thus, substitution between fossil fuels in the non-OECD regions, in particular
from o0il and gas towards coal, is a major factor behind emissions growth in
GREEN. ‘ ‘

III. Agreements by OECD Countries to Curb CO; Emissions

This section considers international agreements which involve action by
the OECD countries alone or a sub-set of them, e.g. the EC, sticking closely to
announced commitments. Particular attention is paid to the issue of so-called
"carbon leakages", i.e. the possibility that unilateral action to restrict
emissions' by a group of countries could be partly negated by an increase in
emissions from countries that do not participate in the agreement. A range of

policy dinstruments -- carbon taxes, energy taxes and tradeable permits -- are
used to achieve the chosen emissions curbs, always under the assumption of

revenue neutrality.

11



A. OECD countries stabilise their emissions in 2000‘at 1990 levels

, -, This stabilisation target is not far from the announced commitments by
OECD Member countries for dealing with global climate change (12). All
countries except Japan are assumed to stabilise their emissions in 2000 at
their 1990 levels; Japan, in line with its announced commitment, is assumed to
stabilise on a per capita basis (13). The emissions restrictions are imposed
gradually starting from 1990 and the targets are maintained until 2050. The
chosen instrument to achieve the targets is a carbon tax.

Stabilising OECD emissions at their 1990 levels implies a significant
cut, relative to the BaU path of 43 per cent by 2050. This, however, has a
marginal impact on global emissions which are only 11 per cent lower in 2050.

1. Carbon leakages

It has been argued that emissions in countries which do not participate
in international agreements may increase in response to a cut in emissions by
countries which implement the agreement (14). There are two possible sources
of such carbon leakages in GREEN. First, energy-intensive industries (pulp and
paper, chemicals, iron and steel, non-ferrous metals) may gain in
competitiveness in the non-participating countries as relative energy prices in
the participating countries are driven up. Second, if the restriction imposed
by the agreement is sufficiently binding, world prices of fossil fuels may
fall, thereby raising emissions in the non-participating countries.

The fall in OECD output of energy-intensive industries is quite small in
response to the stabilisation target: on average over the period 1990-2050,
OECD output of these industries is only 1.4 per cent below its BaU level. The
largest decline is recorded in Japan (-2.6 per cent) and the smallest (-0.4 per
cent) in the United States. The corresponding expansion of these industries in
the non-OECD regions is even smaller: output, averaged over all eight regions,
is only 0.5 per cent above BaU levels. Most of the gains in competitiveness
are captured by the CEECs (+1.2 per cent), the DAEs (+1.1 per cent) and the
former Soviet Union (+0.6 per cent). ‘ :

Carbon leakages in the non-OECD countries are calculated relative to the
total cut in emissions achieved by the OECD countries. The results show
differing patterns of leakages across regions and over time as emissions
increase in some regions, notably in the former Soviet Union, in response to
the cut in OECD countries while they decline in others, notably in the
Energy-exporting LDCs and China. Emissions decrease slightly in the
Energy-exporting LDCs as a result of the fall in output induced by lower oil
exports to the OECD regions. In China, emissions also fall slightly as a
result of substitution from coal to o0il in response to the small fall in the
oil price. Averaged over all non-OECD regions, some leakages do occur. But
they are insignificant: they peak at 2.5 per cent of the cut in OECD emissions
~in 2000, become slightly negative in 2010 and then turn positive again, rising
slowly to 1 1/2 per cent in 2050 (Figure 4). :

Sensitivity analysis was undertaken to see if this result of negligible
leakages was robust to large changes in the values of the foreign trade
elasticities (they were tripled in agriculture, energy-intensive industries and
other industries to values ranging from 9-12). A much more severe emission

12



constraint was also imposed on the OECD countries, requiring them to cut their
emissions ~in 2050 by over 80 per cent compared with the BaU level. In both
cases, the net leakages in the non-OECD regions remained small, never exceeding
more than 6 per cent of the cut in emissions in the OECD countries, with the
largest impact occurring in the period up to 2010 before back-stops come
on-stream. This suggests that concerns expressed about significant carbon
leakages in the non-OECD countries as a result of OECD actions to curb
"emissions are not well founded.

2. Carbon taxes

Back-stop technologies play a crucial role in determining the level of
carbon tazes in the long run in GREEN .-- see the Appendix for a detailed
discussion of the determinants of the carbon tax (15). Before it reaches the
level at .which a back-stop substitute becomes competitive, the carbon tax is
determined by four main factors: average energy prices, the carbon content of
primary energy demand, the emission reduction target and the overall ease of
substitution between inputs. But, as soon as one conventional energy source
competes with its back-stop alternative, its price (inclusive of the carbon
tax) stops rising and the carbon tax stabilises at a level determined by the
arbitrage condition between the two energy sources.

When the conventional energy source has been completely replaced by its
- back-stop alternative, the overall 1level of inter-energy substitution is
reduced given the assumption in GREEN that all energy sources are imperfect
substitutes. Thus, the expectation is that the carbon tax will start rising
again until it reaches the 1level at which a more expensive back-stop source
becomes competitive. . ‘

With the exception of Japan, the carbon taxes required to achieve the
stabilisation target are very similar across OECD regions. The carbon
restrictions can be met by cutting back on the use of the carbon-based
synthetic fuel. Therefore, as long as some synthetic fuel is being used, the
demand for carbon is very elastic and the taxes in the United States, EC and
Other OECD regions stabilise from 2010 on in a narrow range of $50-75 per ton
of carbon (in 1985 prices and exchange rates). The highest tax, at almost
$200 per ton in 2050, is recorded in Japan. The high tax in Japan reflects the
fact that it has the most severe emissions restriction (-60 per cent compared
with baseline) as well as the highest relative fossil-fuel prices in the
benchmark year.

3. Effects on welfare and output

~ Achieving this stabilisation target imposes a small welfare cost on the
OECD countries from 2005 on (Figure 5). Before then, they record small welfare
gains  as the improvement in their terms of trade arising from the cut-back in
0il imports more than offsets the efficiency losses due to the carbon tax. The
OECD regions’' terms of trade deteriorate from 2030 on as they substitute
towards crude oil, adding to their welfare loss which reaches 1.3 per cent by
2050. The largest welfare loss in 2050 (-2 per cent) is in Japan, followed by
the EC (-1.4 per cent). Cutting back emissions in the OECD countries alone has
only marginal effects on welfare in the non-OECD countries, with the  sole
exception of the Energy-exporting LDCs. This latter region experiences welfare
losses over most of the simulation period: the maximum real income loss is

13



almost 3 per cent below BaU levels in 2005, with the loss declining steadily
after 2010 and even turning into a small gain in 2050 as the substitution away
from the carbon-based synthetic fuel in the OECD regions raises the demand for
crude oil.

Real GDP in the OECD area is almost 1 per cent below baseline in 2050,
with the largest fall (-1.4 per cent) in Japan. Output effects in the non-0ECD
countries are marginal, with the sole exception of the Energy-exporting LDCs.
Their GDP is 0.5 per cent below its BaU level in 2050 in response to the
decline in oil output after 2030. '

4. Tradeable permits

The dispersion in taxes, notably between Japan and the other OECD
regions, suggests that some gains could be achieved by allowing trade in
emission rights between OECD countries. The stabilisation scenario was re-run
under the assumption that OECD regions ‘could trade freely their fixed
endowments of emission rights. This produced a reallocation of the emission
cuts, with Japan being required to cut emissions by a lesser amount (-40 per
cent in 2050) and the United States to increase its emissions cut (from -42 to
-47 per cent in 2050) compared with the no-trade version of the agreement.

The bulk of the resulting trade in permits occurs between Japan and the
United States. The volume of this trade is small: only 5 per cent of total
OECD - emissions are traded by 2050. The welfare gains from trading permits are
also very small and are mainly reaped by Japan and the Energy-exporting LDCs.
The latter region gains because more of the burden of the cut in OECD emissions
is switched from crude oil to the carbon-based synthetic fuel. Hence, OECD
imports of crude oil are higher than under the no-trade scenario. At the same
time, the United States records almost no benefits from selling permits, the
real income gains from permit sales to Japan being offset by the terms-of-trade
loss from increasing oil imports.

~B. EC stabilises emissions in 2000 at 1990 levels using a mixed
energy/carbon tax : :

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). A novel element in this strategy is a proposal
for a2 mixed energy cum carbon tax. The Commission proposed that a tax.
equivalent to $3 per barrel of oil would be introduced at the beginning of 1993
and the tax would rise by an additional $1 per barrel in subsequent years to
reach $10 per barrel in 2000. The tax would be split 50/50 between an energy
component and a carbon-content component, equivalent in 2000 to a tax of
$42 per ton of carbon and $874 per terajoule (16).

A simulation was run with GREEN to assess the effects of this tax. 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
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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 simulation.

In keeping with the Commission’s proposal, the tax was phased in
gradually by the Community over the period from 1990 to 2000 and stabilised
thereafter at $10 per barrel. As a result of imposing this tax, EC emissions
in 2000 are simulated to be 13 per cent lower than in the BalU case (Table 7);
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
energy cum carbon tax after 2000 continues to exercise a restraining effect on
EC emissions: by 2050, they are almost 40 per cent below the BaU level. This
might seem surprising but it reflects the fact that the imposition of the tax
encourages a switch away from coal and the "dirty" synthetic fuel back-stop
towards the carbon-free electric back-stop after 2010 and oil after 2030.
However, this action by the EC has a negligible impact on global emissions: at
18.5 billion tons of carbon in 2050, they are only 2.5 per cent lower.

1. Carbon leakages

The magnitude of the pet 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. 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 (Figure 1). The leakages are larger than in the
case when all OECD countries take action to stabilise emissions, reflecting
the fact that the vast bulk of OECD trade is intra-area trade.

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. The negative leakages are due, in part, to income effects
- related to the contraction of 0il exports from the Energy-exporting LDCs; they
also occur in some other regions via inter-fuel substitution. ' Imposing the
carbon/energy tax puts downward pressure on the world oil price and this
creates less incentive to substitute away from oil in coal-intensive ‘regions,
like China. ' S

2. Economic costs

The economic costs to the Community, in terms of lower output and
welfare, of achieving this commitment to stabilise emissions in 2000 are very
small. Read GDP is almost 1/2 of a percentage point below its BalU level in
2010 and the output loss rises slowly to 0.6 per cent by 2050 (Table 7). 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) wusing the Global 2100 model. The estimated welfare effects are very
similar to the GDP losses wuntil 2030. After 2030, the EC suffers a
terms-of-trade loss which aggravates its welfare loss. 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).
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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 BalU 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 welfare loss over the whole period (in present values) is -0.6 per cent.

IV. International Agfeements including the Non-OECD Regions

A. A Toronto-type agreement

As part of a Toronto-type agreement, it is assumed that the OECD and the
non-0OECD regions bear different burdens in terms of carbon restrictions.
Specifically, it is assumed that i) the OECD countries would cut back their
emissions in 2010 to 80 per cent of their 1990 levels and stabilise them
thereafter; and ii) emissions in the non-OECD regions would be restricted to
be 50 per cent higher than their 1990 levels by 2010, and stabilised
thereafter (17). :

The net result of this agreement is that world emissions stabilise by
2010 at 6 billion tons of carbon per year, less than one-third-of the BaU level
in 2050 (see Figure 7). This scenario implies a relatively larger proportional
cut in emissions relative to BaU levels in the non-OECD countries (-68 per .
cent) by 2050 compared with a cut of 54 per cent in the OECD countries,
reflecting the fact that BaU emissions growth is much faster in the non-OECD
regions, with the notable exceptions of the former Soviet Union and the CEECs.
Hence, stabilising emissions post-2010 imposes greater stringency on the
non-0ECD regions. By 2050, the OECD area only accounts for 20 per cent of the
global emissions cut whereas India and China together bear almost half of the
global burden. C

1. Carbon taxes

Levying carbon taxes puts downward pressure on the real oil price. By
the year 2030, the world oil price is almost 15 per cent below its BaU level.
After 2030, the oil price rises faster than in the BalU scenario as carbon taxes
make the carbon-based synthetic fuel unprofitable and the oil supply constraint
in the Energy-exporting LDCs becomes binding.

On average, the OECD carbon tax rises to a peak of $250 per ton of
carbon in 2005, before falling back slowly to $116 in 2050 compared with a
global average tax of $160 (Figure 8). The dispersion of taxes across OECD
regions is particularly wide before 2010 when no back-stop options are
available. As back-stops come on stream, OECD countries tend to rely heavily
in the BaU case on the carbon-based synthetic fuel, <the "dirtiest" energy
source. Thus, carbon taxes tend to converge on the levels at which the
carbon-based synthetic fuel option is no longer profitable as an energy source.
This 1level is higher in Japan than in the other OECD regions because it taxes
0il more heavily. The higher is the price of o0il (including taxes), the higher
must be the carbon tax which makes the carbon-based synthetic fuel unprofitable
-~ see the Appendix for further discussion.
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Before 2010, when back-stops are not available, taxes reflect rates of
emissions growth and relative energy prices across countries. As Japan has the
fastest growth of emissions among the OECD regions over this period as well as
the highest relative energy prices (see Table 4), it requires very high taxes
to meet the emission constraint. The inverted V-shaped profile of the carbon
tax over the period 1995-2010 reflects the interaction of the putty/semi-putty
specification of technology -- the short-run elasticity of inter-energy
substitution is very low relative to the long-run value -- with the phasing-in

"~ of the emission restriction. In these circumstances, much higher taxes are

required in the short run to meet the emissions constraint (18). In Japan, the
tax reaches almost $500 per ton in 2005 before falling back sharply to $50 in
2010 when the carbon-free electric back-stop becomes available. After 2010,
the tax rises steadily to around $200 per ton in 2050, a level at which the
carbon-based synthetic fuel only accounts for a minor part of total demand for
oil.

Compared with the OECD countries, carbon taxes are much lower in the
former Soviet Union and the CEECs. Carbon constraints do not become binding
before 2005 in the former Soviet Union and 2010 in the CEECs. With low rates
of emissions growth in the BaU scenario and heavily subsidised fossil-fuel
prices, these regions do not require high taxes to meet their constraint: by
2050, taxes are still below $50, a level at which no back-stop options are
profitable. '

The other non-OECD regions fall into two distinct groups: i) low-cost
countries which either rely massively on cheap, subsidised coal (China and
India) or on the carbon-based synthetic fuel (RoW); and 4ii) high-cost
countries which combine above-average GDP growth with energy demand relying
mainly on oil (Brazil, DAEs and the Energy-exporting LDCs). Taxes in the
low-cost countries are negligible until 2010, but they rise steadily thereafter
as the constraints become more binding: by 2050, both China and India have a.
tax of over $260 per ton of carbon. In both China and India, the marginal cost
of replacing coal as an energy source rises sharply over time as coal continues
to be heavily subsidised; as a result it never gets eliminated as an energy
- source by a back-stop.  In RoW, the required carbon reduction can be achieved
at a lower cost than in China and India by eliminating the carbon-based
synthetic fuel. '

In Brazil, the DAEs and the Energy-exporting LDCs, on <the other hand,
stabilising emissions post-2010 requires taxes sufficiently high to permit the
carbon-free synthetic fuel to replace oil. Indeed, Brazil has the highest
marginal abatement cost of all the non-OECD regions for most of the period
because i) its electricity sector relies mainly on. hydro-power, a ‘“clean"
energy source; and dii) it is very dependent on imports of oil. The tax
increase in the DAEs is somewhat slower since they can achieve part of their
required curb in emissions by wusing the carbon-free electric back-stop. The
Energy-exporting LDCs rely mainly on o0il and, since they subsidise its use
domestically, their marginal abatement cost is likely to rise rapidly over the
long run. :

Thus, Figure 8 shows that marginal abatement costs under a Toronto-type
agreement are higher in the OECD regions than in the non-OECD regions until the
back-stops come on stream. . By 2050, the situation is completely reversed:
emission reductions are much more costly in some non-OECD regions.
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2. Use of back-stop options

Total primary energy demand in the QECD regions recovers to its 1950
level in 2050 thanks to the growing penetration of the carbon-free electric
option (Figure 9a). The major changes in the composition of OECD energy
demands are: i) the decline in the share of the carbon-based synthetic fuel
(down from 17 per cent in the BaU scenario to only 10 per cent by 2050);:
ii) the rise in  the share of oil (up from 9 per cent in the BalU to 28 per
cent); and iji) the increase in the share of the carbon-free electric opt1on
(up from 10 per cent in the BaU to 24 per cent).

The significant inroads of the back-stops in the OECD countries contrast
with their virtual absence in the non-OECD regions (Figure 9b). Cutting back
on the demand for coal accounts for 85 per cent of the required emissions
reduction in these regions.

3. Terms of trade

~ The OECD countries experience terms-of-trade gains over most of the
period as the carbon constraints force them to cut back sharply on oil imports.
These terms-of-trade gains peak around 2010 and begin to ebb away slowly
thereafter as ‘the restrictions can be met by using back-stop options instead of
cutting down on 0il imports. By 2050, all the OECD regions record
terms-of-trade losses as carbon taxes induce them to substitute oil imports for
the carbon-based synthetic fuel. :

Most non-0ECD regions experience very small terms-of-trade 1losses or
gains. But there are three exceptions. Brazil, which is very reliant on
imported oil, experiences very large terms-of-trade gains wup to 2030. The
Energy-exporting LDCs experience a sharp terms-of-trade loss until 2030, in
line with the decrease of the world oil price relative to the BalU scenario;
their terms of trade, however, recover sharply after 2030 as a result of the
switch away by the OECD countries from the carbon-based synthetic fuel towards
imported oil. Finally, China experiences a growing terms-of-trade loss from
2030 on as it responds to the carbon restriction by substituting oil imports
for «coal and the carbon-free synthetic fuel. These substitutions reflect the
initial pattern of energy price distortions in China: coal is heavily
subsidised whereas the domestic o0il price is very close to the world price.

4. Welfare and GDP effects

Figure 10a shows that the welfare loss of the OECD countries fluctuates
. over the period. It reaches 2 per cent in 2010 but, as the back-stops lower
the costs of cutting emissions between 2010 and 2030, the loss falls to only
1 per cent in 2030. It increases again after 2030 <o reach 2.1 per cent in
2050 as a result of growing terms-of-trade losses in line with the increase of
the world oil price. Thus, OPEC oil supply in the middle of the next century
is a significant factor in determining the magnitude of - the welfare 1loss
suffered by the OECD countries under a Toronto-type agreement.

The CEECs enjoy welfare gains for most of the period while the former

Soviet Union records very small losses (Figure 10b). Their carbon constraints
are not blndlng before 2010 and are moderate thereafter. at the same time,
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they benefit from the falling oil price until 2030 -- the former Soviet Union
becomes a net oil importer after 2020, Both regions experience small welfare
losses in 2050 as the world oil price hardens.

Figure 10c reveals a very diverse set of welfare impacts among the other
non-0ECD regions. Before 2030, the 1largest losses are recorded by the
Energy-exporting LDCs -- their real income is almost 10 per cent below baseline
in 2030. Brazil and the DAEs record welfare gains in line with the falling
world oil price. Post-2030, there is a significant shift in the patterns of
welfare gains and losses. The recovery of oil demand in the OECD countries and
domestic supply shortages combine to produce an income shift in favour of the
Energy-exporting LDCs. As a result, their welfare loss narrows sharply to
3 1/4 per cent in 2050. China and India become the main losers among the
non-0ECD regions as a result of their high carbon taxes: by 2050, their
welfare losses reach 8 and 4 per cent, respectively.

By 2050, world GDP is 2 per cent below its BaU level; the output loss
in the OECD area is only 1 per cent (Table 8). Losses of 4 per cent or more
are recorded in China, Brazil and the Energy-exporting LDCs. Not surprisingly,
the coal industry bears the brunt of this output loss: its output world-wide
is almost 80 per cent below its BaU level by 2050. World oil output is 12 per
cent above BaU in 2050. This reflects an intertemporal reallocation of oil
reserves by the Energy-exporting LDCs: falling demand for their oil before
2030 allows them to conserve reserves which are used to meet the additional -
OECD  import demand after 2030. Very 1little reallocation occurs among
energy-intensive industries within the OECD regions, reflecting the similarity
.0of their industrial structures and the small dispersion of their carbon taxes.
The largest shifts occur between Japan, on the one hand, where output of these
industries 4is 1.7 per cent lower than baseline in 2050 and the United States
where output in this sector is 0.7 per cent higher in 2050.

Sectoral reallocation is much larger among the non-OECD regions in line
with the greater diversity of marginal - abatement costs across
countries/regions. In particular, countries/regions with the highest taxes
(Brazil, DAEs, Energy-exporting LDCs and India) 1lose competitiveness in
energy-intensive industries to the benefit of RoW and the CEECs.

5. quparzson of alternative policy instruments

Two further simulations were run to assess the costs of achieving a
Toronto-type agreement using either ~a pure energy tax or a mixed.energy cum
carbon tax along the 1lines of the recent EC Commission proposal. Since the
ultimate target is to curb emissions, a tax on the energy content of primary
energy demands cannot equalise the marginal costs of reducing emissions across
sectors since each fossil fuel has a specific carbon content. Thus, the output
and welfare losses would be expected to be larger under these two alternative
taxes as compared with a carbon tax. ' '
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This expectation is borne out. by the simulation results. Averaged over
all 12 regions, the output and welfare effects are as follows:

(Percentage changes relative to BaU levels)

Energy tax Energy cum carbon tax Carbon tax

2010 2030 2050 2010 2030 2050 2010 2030 2050

Real GDP 1.1 -1.9 -2.8 -1.0 -1.8 2.4 -1.1 -1.5 -2.0

Real income 2.0 -2.7 -3.8 -1.9 -2.5 3.4  -2.0 -2.2 -2.9

A comparison of the cost estimates across the three scenarios reveals
that regions which are either significant oil and gas producers such as the
Energy-exporting LDCs or are dependent on imports of such fuels (the DAEs,
Brazil) suffer larger welfare losses when the emissions reduction target is
achieved by an energy tax as opposed to a carbon tax. For example, the
Energy-exporting LDCs record a welfare loss of over 10 per cent in 2050 with an
energy tax compared with a 3 per cent loss under a carbon tax. In contrast,
large coal-consuming countries such as China and India record smaller welfare
losses under an energy tax.

B. Cost-effective Toronto-type agreements

A Toronto-type agreement is pnot a cost-effective agreement given the
very wide dispersion in marginal abatement costs across regions revealed in
Figure 8. We now attempt to quantify the potential magnitude of the gains that
could be reaped if the agreement were extended to allow marginal costs of
cutting emissions to be equalised across regionms.

1. Gains and losses from a cost-effective allocation of carbon restrictions

A first scenario is simulated in which every region applies a_common
equilibrium tax which achieves the same cut in global emissions as in the
Toronto-type agreement. However, each region is allowed to choose the level of
emissions cut which corresponds to equalising its specific marginal cost to the
common world tax.

The global carbon tax falls to $140 per ton of carbon in 2050 instead of
$161 in the no-trade case. This produces a welfare gain of 1 per cent (in
present ' values) to the world as a whole compared with the scenario in which
constraints are imposed on each region. Figure 11 compares the average real
income changes under the previous Toronto-type agreement with those yielded by
the cost-effective allocation of emission cuts. It shows that the
Energy-exporting LDCs gain substantially from this latter agreement. Cutting
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back on o0il demand is an expensive way of curbing emissions and any alternative
distribution of emissions curbs which cuts back more on coal demand will be
more cost-effective at the world level. It also has a significant ‘impact on
the oil price profile. O0il demand decreases less than under the previous
scenario. and the oil price increase post-2030 is larger: by 2050, <the world
0il price is 17 per cent higher than its BaU level. On the other hand, such a
cost-effective agreement shifts the burden of stabilising emissions from the
OECD and semi-industrialised LDCs to coal-based economies whose real incomes
fall more than in the previous Toronto-type agreement. Therefore, the
Toronto-type scenario with either fixed region-specific constraints or a
cost-effective allocation of emission cuts yields an uneven distribution of
income losses. In the former scenario, the Energy-exporting LDCs bear high
real income losses whereas in the latter scenario, the main losses are borne by
the low-income LDCs, like China and India and by the former Soviet Union and
the CEECs.

2. Toronto-type agreement with tradeable permits

Permits trading provides a way of modifying the distribution of real
income losses which is associated with cost-effective allocation of emission
cuts in order to make it more compatible with equity goals. Specific
restrictions on CO, emissions are regarded as initial endowments of emission
rights which can be traded between regions. These endowments are fixed over
the simulation period. This initial allocation rule is arbitrary and it can be
varied in GREEN to reflect a variety of international distributional
considerations. The same global constraint on CO, emissions is imposed as
under the no-trade version of the Toronto-type agreement. When trade in
emission rights is allowed and all regions are assumed to be "small" in the
permits market, i.e. no region has market power, emission cuts will be
optimally allocated across regions when a common equilibrium tax is established
in all regionms. ‘ ’

Figure 12 shows the resulting patterns of trade in permits over the
period. Traded emissions rise to 12 per cent of global emissions in 2010 and
this share remains rather stable thereafter. A major factor driving this large
trade in permits is the generosity of the initial endowment of permits to the
former Soviet Union relative to its low marginal abatement cost by treating it
like ‘the other non-OECD regions. As its emissions growth in the BaU is much
lower than in the other non-OECD regions, it bene