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ENVIRONMENTAL PROTECTION

ZhongXiang Zhang and Henk Folmer*

The Choice of Policy Instruments for the
Control of Carbon Dioxide Emissions

Increasing concern in scientific and policy-making circles about the possibility of global
warming induced by the accumulation of CO, and other greenhouse gases in the
atmosphere has promoted the consideration of policies to limit emissions of these gases.
This paper gives an overview of policy instruments targeted at the control of CO;
emissions, including the command-and-control approach, energy taxes, carbon taxes and
tradeable carbon permits, with special attention being paid to the economic instruments.

In recent years there has been increasing concern
about global warming as a result of increased
atmospheric concentrations of the so-called green-
house gases (GHGs) and the overall socio-economic
impact of any resulting climate changes. Although
there are still uncertainties regarding the magnitude,
timing and regional patterns of climate change, there
is a growing consensus in scientific and policy-making
circles that climate change and instability are very
likely over the next century.

The GHGs are carbon dioxide (CO,), chlorofluor-
ocarbons (CFCs), methane (CH,), tropospheric ozone
(O3) and nitrous oxide (N,O). According to the World
Resources Institute, CO, emissions alone contribute
about half the present global warming and thus form
the major cause of the greenhouse effect. This
dominance of the CO, contribution to global warming
suggests that CO, must be the main target in any
attempt to limit emissions of GHGs. For this reason,
we limit ourself to a discussion of the problems of
control of CO, emissions.

Policy instruments targeted at the control of CO,
emissions include the command-and-control
approach, energy taxes, carbon taxes, and tradeable
carbon permits.

Before dealing with policy instruments targeted at
the control of CO, emissions, however, we pause

* Landbouwuniversiteit Wageningen, The Netherlands. This paper is
a revised and expanded version of ZhongXiang Zhang: Setting
Targets and the Choice of Policy Instruments for Limiting CO,
Emissions, in: Energy & Environment, Vol. § (1994), No. 4,
pp. 327-341. The authors thank the Dutch National Research
Programme on Global Air Pollution and Climate Change for financiat
support.
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briefly to consider why the targets for emission
reductions need to be predefined.

According to the conventional theory of
environmental economics, there is no need to set the
targets for emission reductions beforehand when the
associated externalities are internalized. The optimal
emission level is achieved when the point is reached
at which the marginal cost of reducing emissions is
the same as the marginal cost of the damages. So
long as the so-called Pigouvian tax is set equal to the
marginal cost of the damages, its implementation
automatically leads to the optimal situation. This
means that the process of internalization itself co-
determines the target. However, this principle works
better for conventional environmental problems than
those problems with international and intertemporal
dimensions (e.g. acid rain, ozone layer depletion and
climate change), an essential feature of which is the
absence of an institution with the international
jurisdiction to enforce policy.® This also has
consequences for the formulation of policy, including
the revelation of costs and benefits.

Given the characteristics of these problems, we
need to reconsider a separate approach that was
first proposed by Baumol and Oates:®* setting
emission reduction targets first and then selecting
instruments to achieve these targets at the least cost.
Compared with the conventional approach where the

' Cf. H. Folmer, P. van Mouche and S. Ragland:
International Environmental Problems and Interconnected Games, in:
Environmental and Resource Economics, Vol. 3, 1993, pp. 313-335.

2 W. J. Baumol and W. E. Oates: The Use of Standards and
Prices for Protection of the Environment, in: Swedish Journal of
Economics, Vol. 73, 1971, No. 1, pp. 42-54.
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optimal solution is sought, effectiveness is the goal for
the Baumol-Oates case, in which there is nothing to
indicate that the ievel of emission reduction achieved
by the separate approach is either the economic or
even the environmental optimum.

It has been observed that the two most important
international agreements on limiting emissions of
atmospheric pollutants - the Montreal Protocol on
CFCs and the European Community’s Large Combus-
tion Plant (LCP) Directive to limit acid emissions -
have been formulated in this way. The Montreal
Protocol calls for a 50% reduction in CFC emissions
by the signatory countries by 1999, with a grace
period of ten years for developing countries. The LCP
Directive incorporates a complex formulation of SO,
and NO, reduction levels for three target dates, with
different elements of backdating for each member
country.

With the conclusion of these two major agreements
based on percentage reduction targets for gaseous
emissions, it is not surprising that calls for limiting
CO, emissions have focused on a similar strategy.
The Toronto Conference recommended a 20%
reduction by 2005 and a 50% reduction by 2025 in
global CO, emissions relative to the 1988 levels, with
an initial goal set for a 20% cut by 2005 in the indus-
trialized countries.

The acceptable reduction targets can be set by
scientific expertise or international agreement.
Whatever the acceptable carbon reduction target that
is eventually set, the remaining issue is how it is to be
achieved. In this regard, there are four alternative
policy instruments: the command-and-controi
approach;® energy taxes; carbon taxes; and tradeable
carbon permits.

With regard to the global warming problems,
especially in the CO, context, a number of recent
studies discuss market-based instruments or
economic incentive instruments, namely energy
taxes, carbon taxes and tradeable carbon emission
permits. It is argued that these economic instruments
to limit CO, emissions can achieve the same target at
lower costs than the conventional command-and-
control regulations. Moreover the economic
instruments can act as a continuous incentive to
search for a cleaner technology, while for the

® In the international CO, context, this approach inciudes the widely
discussed uniform percentage reductions in emissions by all
participating countries. In this case, individual countries would be left
to reduce their CO, emissions by traditional command-and-control
regulations, tradeable carbon emission permits for domestic sources,
or domestic carbon taxes.
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command-and-control regulations there is no
incentive for the polluters to go beyond the standards
unless the standards are continually revised and set
slightly above the best available technologies.
Therefore, the economic instruments have a
technology-forcing characteristic. Some evidence
shows that this dynamic efficiency aspect of
economic instruments is important.* In the CO,
context, the dynamic efficiency takes on an extra
dimension because, unlike sulphur, CO, is difficult to
dispose of, even if it is removed from stack gases, and
incentives to develop disposal technologies are there-
fore of particular relevance.®

In what follows, our attention is restricted to the
economic instruments in the CO, context, namely
energy taxes, carbon taxes and tradeable carbon
emission permits.

Energy Taxes versus Carbon Taxes

An energy tax is an excise tax, which is expressed
as a fixed absolute amount of e.g. US $ per Terajoule.
It is a tax placed on both fossil fuels and carbon-free
energy sources according to their energy (or heat)
content, with renewables usually being exempt. By
contrast, a carbon tax (an excise tax that is imposed
according to the carbon content of fossil fuels) is
restricted to carbon-based fuels. Given that oil and
gas have greater heat content for a given amount of
CO, emissions than coal, an energy tax falls more
heavily on oil and gas than a carbon tax. Moreover, an
energy tax burdens nuclear energy, which, with the
exception of hydropower, provides the only so far
proven method with enormous potential for the large-
scale generation of electricity without direct parallel
production of CO, emissions.

If the goal is to reduce CO, emissions, a carbon tax
is preferred on grounds of cost-effectiveness, given
that a carbon tax is able to equalize the marginal
costs of CO, abatement across fuels and therefore
satisfies the condition for minimizing the costs of
reducing CO, emissions. This implies that an energy
tax (if introduced) would lead to poor target achieve-
ment or else to unnecessarily high costs as compared
with a carbon tax. This can be further explained by
two factors: first, price-induced energy conservation;
and secondly fuel switching. Carbon taxes reduce

¢ Cf. T.H. Tietenberg: Economic Instruments for Environmental
Regulation, in: Oxford Review of Economic Policy, Vol. 6, 1990,
No. 1, pp. 17-33.

* D. Pearce: The Role of Carbon Taxes in Adjusting to Global
Warming, in: Economic Journal, Vol. 101, 1991, pp. 938-948.
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CO, emissions both through their price mechanism
effects on energy consumption and through fuel
choice. By contrast, since an energy tax is imposed
on both fossil fuels and nuclear energy, the incentive
for fuel switching will be reduced, and the reductions
in CO, emissions will be achieved mainly by price-
induced energy conservation. Thus a higher tax is
required for achieving the same reduction target as
compared with the carbon taxes. Put another way, for
the economy in question it is more costly to reduce
CO, emissions through an energy tax than through a
carbon tax. This has been clearly shown in the study
by Manne and Richels,® which evaluates the implica-
tions of the CEC proposal for a mixed carbon and
energy tax.” A similar finding is also presented in the
study by Jorgenson and Wilcoxen, the results of
which suggest that the US GNP loss in 2020 from an
energy tax is 20% greater than that from a carbon tax
to stabilize the US CO, emissions at 1990 levels in the
year 2020.2

Let us now turn to the carbon tax. So far, a number
of studies have focused on the cost estimates for
achieving a given reduction in CO, emissions. These
studies usually incorporate a carbon tax as a method
of achieving the target because of its effectiveness.
The main findings arising from these studies are:

[ the carbon tax should escalate over time if it is to
reflect the rising costs of damage from the
accumulation of CO, concentration in the atmosphere
and if it is to give the markets the signal that CO,
emissions will eventually be heavily taxed;

[I there would be significant variation in the timing
and size of the carbon taxes among countries and
regions, given that the marginal costs of abating CO,
emissions differ substantially across countries and
over time;

[ the carbon tax could be production or consumption
based, but the effects across options would be
significantly different among countries. A national
production based carbon tax operates much like an
export tax, and if it were applied oil-exporting

¢ Cf. A, S. Manne and R. G. Richels: The EC Proposal for
Combining Carbon and Energy Taxes: The Implications for Future
CO, Emissions, in: Energy Policy, Vol. 21, 1893, No. 1, pp. 5-12.

! As part of its comprehensive strategy to control CO, emissions and
increase energy efficiency, a carbon/energy tax has been proposed
by the Commission of the European Communities (CEC). The CEC
proposal is that member states introduce a carbon/energy tax of US$
3 per barrel oil equivalent in 1993, rising in real terms by US$ 1 a year
to US$ 10 per barre! in 2000. After the year 2000 the tax rate will stay
at US$ 10 per barrel in 1993 prices. The tax rates are allocated across
fuels, with 50% based on carbon content and 50% on energy
content.
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countries such as OPEC would gain substantially, but
in a national consumption based tax case, they would
become significant sufferers;®

(0the carbon taxes imposed unilaterally or even
regionally would be largely ineffective. This
ineffectiveness is attributed partly to the relatively
small share of coalition (e.g. EC, OECD) emissions in
the world total and partly to strong economic growth
and the resulting increase in emissions taking place in
non-coalition countries that offset the coalition’s
achievements;™

[0the autonomous (i.e. non-price-induced) energy
efficiency improvement, the possibilities for fuel
substitution, and the availability of backstop technol-
ogies" are essential. Without non-fossil fuel options,
the upper bound on the carbon tax required rises.
Moreover, the autonomous energy efficiency improve-
ment, and the cost and availability of low-carbon or
carbon-free backstop technologies are crucial to
limiting the tax level required. Where there are few
economically feasible substitutes available, the
effectiveness of a carbon tax is likely to be much
lower. Thus, to lower CO, emissions very substantially
would require a large carbon tax — larger certainly than
the taxes already implemented. This would lead to
high costs induced for compliance with the emission
reduction targets; and

[ the carbon tax itself would impose a deadweight
loss on a country where there are no distortions in the
energy markets. But when existing distortions arising
from energy subsidies are taken into account or when
the revenues generated from the imposition of a

¢ Cf. D. W. Jorgenson and P. J. Wilcoxen: Reducing U.S.
Carbon Dioxide Emissions: An Assessment of Different Instruments,
in: Journal of Policy Modeiing, Vol. 15, 1993, Nos. 586, pp. 491-520.

* Cf.J. Whalley: The Interface between Environmental and Trade
Policies, in: Economic Journal, Vol. 101 (1991), pp. 180-189;
J.Whalley and R. Wigle: The International Incidence of Carbon
Taxes, in: R. Dornbusch and J. Poterba (eds.): Global
Warming: Economic Policy Responses, MIT Press, Cambridge 1991,
pp. 71-97.

® This phenomenon is the so-called carbon leakage, with its average
leakage rate defined as the ratio of carbon emission increase outside
the coalition to carbon emission cutbacks within the coalition relative
to their reference levels. For further discussion, cf. S. Felder and
T.F. Rutherford: Unilateral CO, Reductions and Carbon Leakage:
The Consequences of International Trade in Oil and Basic Materials,
in: Journal of Environmental Economics and Management, Voi. 25,
1993, pp. 162-176.

" Nordhaus defines a backstop technology, in the context of energy
supply, as an energy technology based on a resource for which there
are no resource constraints. In an economy based on such an energy
backstop technology, the economic importance of the scarcity of
exhaustible energy resources disappears, and capital and labor
costs alone determine energy prices. Cf. W. D. Nordhaus: The
Efficient Use of Energy Resources, Yale University Press, New Haven
1979, p. 11.
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carbon tax are recycied to the economy to replace
another indirect tax, the introduction of a carbon tax
could even lead to a net gain.

We will not go further into these interesting topics.
Instead, we will focus on three aspects that are
considered to be important when designing a
domestic carbon tax.

Domestic Carbon Tax Design

The three aspects to be addressed below are: the
treatment of carbon tax revenues, the impacts on the
distribution of income and the effects on international
competitiveness.

We begin with the treatment of the carbon tax rev-
enues. It has been argued that there is a “double
dividend” from the carbon tax:™® not only an
environmental dividend through reduced emissions of
pollutants but also a non-environmental dividend in
terms of a reduction in the overall economic cost of
raising government revenues.” This “double
dividend” feature of a carbon tax has important impli-
cations for “green tax swaps” for distortionary taxes.
If the objective of a carbon tax is to reduce consump-
tion of carbon-based energy products through the
reallocation of spending away from CO,-emitting
activities, and thus to slow down (or even stabilize) the
build-up of atmospheric CO, concentration, rather
than for macroeconomic management, the carbon tax
is in essence an incentive tax rather than a revenue-

raising tax. In macroeconomic terms it therefore
seems appropriate that revenues raised through an
increase in one indirect tax (a carbon tax) could be
offset by a reduction in another indirect tax e.g. value
added tax (VAT) so as to minimize the effect on the
general level of prices. The inflationary and indeed all
the highly uncertain macroeconomic effects of the
carbon tax would be reduced to a minimum.™ Another
measure used to recycle ali revenues from the carbon
tax to the economy is a reduction in income tax. If it is
adopted, inflation is then likely to increase, although
the extent of acceleration depends on the attitude of

2 Cf.D. Pearce, op.cit. In the recent study by Goulder, the weak
“double dividend” and the strong “double dividend” are
distinguished. The weak “double dividend” proposition states that in
welfare terms the non-environmental dividend is always positive as a
reduction in distortionary taxes is always superior to a reduction of
lump-sum taxes. In the strong “double dividend” proposition, it is
stated that the non-environmental dividend is larger than the gross
costs. If the strong claim held, it would reduce the amount of
information that policy analysts need to make a cost-benefit case for
green tax swaps. For further discussion, cf. L. H. Goulder:
Environmental Taxation and the “Double Dividend”: A Reader’s
Guide, Department of Economics, Stanford University 1994.

* The non-environmental dividend is very often interpreted as using
the extra carbon tax revenues to reduce existing distortionary taxes
for raising government revenues. This dividend can of course have
other interpretations. In the study by Bovenberg, for instance,
reduced unempioyment is referred to as the potential extra dividend
in addition to improved environmental quality. For further discussion,
cf. A. L. Bovenberg: Environmental Policy, Distortionary Labor
Taxation, and Employment: Pollution Taxes and the Double Dividend,
Center for Economic Research, Tilburg University 1994.

“ T. Barker, S. Baylis and P Madsen: A UK Carbon/Energy
Tax: The Macroeconomic Effects, in: Energy Policy, Vol. 21, 1993,
No. 3, pp. 296-308.

Bembhard Fischer (ed.)

Investment and Financing in Developing Countries

The authors of this reader analyze some of the most pressing themes in the complex interlinkage of investment and
financing in developing countries.

Rasul Shams, Investment, Finance and the New Theories of Economic Growth ¢ Joachim von Stockhausen, Credit for
Small Farmers in Developing Countries: A Never Ending Story of Disillusion? « Bernhard Fischer, Financing Small
Enterprises in Developing Countries: Experiences and Policy Issues * Michael Atkin, Stock Markets in Developing
Countries: Finance for Firms or Gambling for Speculators? ¢ Peter Dittus, Finance and Corporate Governance in
Eastern Europe * Helmut Reisen, Public Finance in Developing Countries and the Attraction of Foreign Capital ¢ Peter
Nunnenkamp, The Return of Foreign Capital to Latin America: Good News from the Reform Front or a Case for
Policy Intervention? « Maxwell J. Fry, Foreign Direct Investment, Financing and Growth ¢ Bemhard Fischer, Pre-
requisites for Financial Opening in Developing Economies — A Microeconomic Perspective.

1994, 236 p., paperback, 58, DM, 452,50 S, 58,— sFr, ISBN 3-7890-3209-3
(Veroffentlichungen des HWWA-Institut fiir Wirtschaftsforschung — Hamburg, Vol. 6)

n NOMOS Verlagsgesellschaft « Postfach 610 « 76484 Baden-Baden n
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wage negotiations to the increases in disposable
income from the reduction in income tax. This higher
inflationary response has been found in the modelling
of the effects of the CEC tax.'® Alternatively, if the
carbon tax revenues are retained in treasury coffers in
order to reduce public sector deficits, then this will
depress the economy, certainly in the short term. If
the revenues are all spent by the government, for
example, on non-fossil energy investment, this would
imply a large investment programme which could lead
10 macroeconomic imbalance and rapid inflation.'

Distribution of Income

The second aspect of domestic carbon tax design
is its impact on the distribution of income. A carbon
tax would have a regressive impact on the distribution
of income since lower income households spend a
larger proportion of their income on energy than
higher income households. Smith'” calculates the
distributional effects of a mixed carbon and energy
tax of $10 per barrel in the UK on different income
groups. The results show that the poorest 20% of the
population would pay an additional £1.45 per week in
tax, the richest 20% an additional £2.95 per week in
tax, and the average household an additional £2.21
per week in tax. Translated into increases in tax paid
as a percentage of total spending, these figures are
equivalent to 2.4%, 0.8% and 1.4% respectively.
Clearly, the relative burden of the additional tax would
be higher for the poorest decile, and lower for the
richest. This highlights that unless low income groups
are to be made worse off by the carbon tax, a large
part of the revenues from the tax will need to be used
to compensate them through the use of tax
reductions and increases in social security benefits
and pensions. Unfortunately, the use of the carbon tax
revenues in this way will reduce the scope for the
revenues to be used to maximize the efficiency gains
from reductions in other existing distortionary taxes
such as VAT which were described above. There is
thus a clear trade-off between efficiency and equity in
the use of the revenues: the efficiency gains can only
be achieved by sacrificing the distributional neutrality
of the package.

* B Laroui and J. W. Velthuijsen (eds): An Energy Tax in
Europe, SEO, Amsterdam 1992, pp. 27-63 and 127-152.

“ Cf. T. Barker etal, op. cit.

7 8. Smith: Distributional Effects of a European Carbon Tax, Nota
Di Lavoro 22.92, Fondazione Eni Enrico Mattei 1992.

* A. Shah and B. Larsen: Carbon Taxes, the Greenhouse
Effect, and Developing Countries, Policy Research Working Papers
No. 957, The World Bank 1992,
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The above findings are typically shown in the
studies for the industrialized countries. Shah and
Larsen® argue that such findings cannot be
generalized for the developing countries, where the
incidence of carbon taxes would be affected by
institutional factors. Among some important factors
that may have a bearing on the tax-shifting are market
power, price controls, import quotas, rationed foreign
exchange, the presence of black markets and tax
evasion and urban-rural migration.

International Competitiveness

Now we consider the third and last aspect, namely
the effects on international competitiveness. A
domestic carbon tax has important implications for
the international competitiveness of economies in
relative terms. Although international competitiveness
is not necessarily reduced over the long term by
higher energy prices, in certain industries the effects
of introducing a unilateral carbon tax may be serious
in the short term. Exemptions from the new taxes are
therefore suggested to protect the price
competitiveness of these industries in international
trade. For example, the CEC proposal provides for
exemptions for the six energy-intensive industries,
iron and steel, non-ferrous metals, chemicals,
cement, glass, and pulp and paper. As discussed
earlier, a carbon tax is intended to fall most heavily on
the products of carbon-intensive industries. Clearly,
the exclusion of these industries from coverage of the
carbon tax on grounds of competitiveness reduces
the effectiveness of the carbon tax in achieving its
objective of reducing CO, emissions,”™ while it also
means that the EC industries most vulnerable to
competition are protected in their markets. The
ineffectiveness of EC unilateral action suggests that at
least similar actions in competitor countries,
especially in the United States and Japan, should be
taken (or some more general OECD-wide tax should
be adopted), although carbon taxes need to be
imposed globally in order to achieve sufficient reduc-
tions of CO, emissions.

So far our discussion has been restricted to
domestic carbon tax. It has been argued that even if

* In addition to this limitation, there are two additional problems. The
first is that the industries which are exempt from paying the CEC tax
will improve their competitive position in relation to those industries
which are not exempt. There will therefore be some switching of
demand towards the products of these energy-intensive industries,
which is precisely the reaction that such a tax should avoid. The other
problem is that firms which find themselves paying the tax will try to
be reclassified as exempt or eligible for rebates if at all possible, thus
limiting the impact of the tax on energy consumption and CO,
emissions. See T. Barker et al., op. cit.
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domestic emission reduction targets are achieved in
cost-efficient ways, for example through a domestic
carbon tax, a global cost-efficient emission reduction
target can only be achieved if CO, emissions are
distributed among countries in such a way that the
marginal costs of abatement are equalized among
countries. This global cost efficiency may be achieved
through either an international carbon tax or a
tradeable carbon emission permits regime. We shall
first deal briefly with the former.

Hoel® has shown that a tax administered and col-
lected by an international agency is too bureaucratic
and would interfere with domestic sovereignty, while a
tax implemented by each government would fall foul
of the free-rider problem, since governments could
easily offset a carbon tax by reducing other domestic
taxes on fossil fuels. The way out has therefore to be
one in which the carbon tax should be globally
imposed on each country by some international
agency but nationally administrated and collected.
The carbon tax is set to be the same for each country.
The revenues from the tax are then reimbursed, i.e.
handed back to the countries where the revenues are
raised according to some agreed rule of allocation.
Each country would then act to minimize the sum of
its tax payments and abatement costs. How, then,
should the tax revenues be reimbursed? This is
equivalent to the determination of the initial permits
under a regime of tradeable carbon emission
permits?" This issue will be discussed below.

Tradeable Carbon Emission Permits

An alternative to an international carbon tax is a
regime of tradeable carbon permits, which allows the
permit holders to trade or sell their entitlements to
other countries. As long as the marginal costs of
reducing CO, emissions differ among countries, the
latter have an incentive to trade permits with the
market price of CO, permits being equal to the

® M. Hoel: Efficient International Agreements for Reducing
Emissions of CO,, in: The Energy Journal, Vol. 12, 1991, No. 2,
pp. 93-108.

? A carbon tax regime, in which total CO, emissions are equal to X
and tax reimbursements to the n participating countries are propor-
tional to the vector (as, a.,...,a,) with T a;= 1, is equivalent to a regime
of tradeable carbon permits, in which the initial permits allocated
to the n participating countries are (@:X, a=X...,a-X). See M. Hoel,
op. cit.

2 Ceteris paribus entitlements defined in terms of emissions would
be preferred; this would produce the most cost-effective outcome.
With an emissions target the tendency of the market to seek the least
cost means of control would be focused on reducing emissions,
which, of course, is the objective. For further discussion, cf. P.
Bohm: Incomplete International Cooperation to Reduce CO,
Emissions: Alternative Policies, in: Journal of Environmental Econ-
omics and Management, Vol. 24, 1993, No. 3, pp. 258-271.
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marginal costs of abatement, and make net gains. The
process continues until the marginal costs of reducing
CO, emissions are just equalized across countries,
thus inducing a cost-efficient distribution of CO,
emissions.

Once an international emission budget is set, the
question then arises as to how te allocate the initial
emission permits to each participating country.? The
obvious rules are based on both the costs of reducing
CO, emissions and the conseguences of climate
change. The rules could be applied if the costs of
abatement and the consequences of climate change
were common knowledge. However, this is not the
case.® In practice, these costs cannot be measured
objectively with any precision, and there are still
uncertainties regarding the magnitude, timing and
regional effects of climate change. For this reason, the
allocation of permits would in practice have to be
based on relatively straightforward rules. In the CO,
context, the rules based on uniform percentage
reduction, existing CO, emissions (a grandfathering
approach), current GNP (or GDP), and population,
among others, have been suggested. The diversity of
these allocation rules, each of which is discussed
below, reflects the lack of consensus on a “best”
equity principle.

A uniform percentage reduction offers an
operational advantage because it focuses on easily
observable physical burden-sharing. It is for this
reason that international environmental agreements
often take the form of a uniform percentage reduction.
An example is the 1985 Helsinki Protocol on the
Reduction of Sulphur Emissions or Their
Transboundary Fluxes by at least 30%.* In the CO,
context, the rule ignoring the past build-up and simply
basing reduction requirements on current emissions
would be equivalent to penalizing developing coun-
tries for their economic development when no such
penalty was imposed on industrialized countries for
their abusing of the giobal commons in the course of
their industrialization. Therefore it at least seems

= The costs of reducing CO, emissions differ significantly across
countries, depending among other factors on economic structure,
product mix, fuel mix, current efficiency of energy use, and availability
of backstop technologies. Moreover, given the huge uncertainties
surrounding the magnitude, timing and regional effects of climate
change, any estimates for the consequences of climate change for
different countries must be speculative. Thus, if the allocation of initial
permits were based on the rules, it would be in each country’s interest
to claim that it found reducing CO, emissions burdensome and
climate change not very harmful. The negotiation process would be
extremely difficult and it is doubtful where any agreement would be
reached. This does not of course mean that there would be no
difficulty of allocating the initial permits according to other rules which
are to be discussed below. Cf. M. Hoel, op. cit.
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conceivable that the rule would not be accepted by
the developing countries. Moreover, it has been
argued that the rule based on uniform percentage
reductions is inefficient in the sense that the same
goal could be achieved at lower costs through the rule
that equalizes the marginal costs of abatement
among all participating countries.

Using the grandfathering of permits or current GNP
as a base would minimize the disruption of current
production. However, using either rule as a base
would favour the developed countries and does little
or nothing to create incentives for the developing
countries to co-operate. Moreover, there are some
nasty wrinkles associated with adjusting the initial
permits: should an energy-efficient country such as
Japan be rewarded with additional permits? Should a
country that relies on nuclear power and therefore is
also a small emitter - like France — get extra permits?
Should Brazil, whose copious forests absorb carbon
dioxide, be rewarded for that? Also should countries
that have unilaterally cut down their CO, emissions
long before any CO, agreement be rewarded for that,
where they would otherwise be punished?

Using population as a base is compatible with
equal emission rights and could be accepted as fair
by the developing countries. Given the great
disparities in current per capita CO, emissions, how-
ever, this would probably imply net payments
transfers from the developed countries to the
developing countries on a substantial scale and there-
fore would not be easy for political leaders to justify.
The study by Kverndokk® shows that transfers to the
developing countries of 6% and 3% of their potential
GDP in the year 2000 are required from the USA and
other OECD countries respectively. The magnitude of
these transfers is scarcely credible, when the United
Nations’ level of development assistance at 0.7% of

* With great concern about the long-range transboundary flow of
sulphur and nitrogen oxides and the resulting regional-scale
environmental damage (such as acidification of soil and fresh water
and damage to vegetation), at a ministers’ meeting in Ottawa,
Canada, in March 1984, 10 nations volunteered to reduce emissions
of sulphur dioxide by 30% by 1993 relative to their 1980 levels. This
group of nations was referred to unofficially as the “30 Percent Club”.
By June 1984 membership in the “30 Percent Club” had increased to
18 nations. In July 1985 at Helsinki, Finland, a protocol to reduce
sulphur dioxide emissions or transboundary fluxes by at least 30%
was signed by 21 nations. Among the nations that did not sign the
protocol were two of Europe’s largest emitters: the United Kingdom
and Poland. The former did not sign because, in its opinion,
insufficient credit was given in the protocol for past emission
reductions and because of the arbitrary choice of a base year (1980),
whereas the latter did not sign the protocol because of its lack of
technologies and equipment to control sulphur emissions. Cf. R. W.
Shaw: Acid-Rain Negotiations in North America and Europe: A
Study in Contrast, in: G. Sjostedt (ed.): International Environ-
mental Negotiation, SAGE, California 1993, pp. 84-109.
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GDP is still not met by most of the industrialised
countries. Moreover, as pointed out by Grubb,* the
allocation rule might create an implicit incentive for
countries to increase their population, whereas just
the opposite is needed to address the greenhouse
problem. Grubb suggests that only adults above a
specific age should be counted in order to avoid the
implicit reward for overpopulation.

Acceptable Allocation Regime

The foregoing discussion clearly indicates that the
acceptability of tradeable permit regimes will depend
on the allocation rules for permits. In view of the
respective weaknesses of each rule discussed above,
it follows that an acceptable allocation rule might take
into account historical CO, emissions, GNP (or GDP)
and population together, and that the emissions
entitlements of each participating country should be
adjusted over time in order to reduce the relative
benefits and relative excess costs of each country.
Pearce,” for instance, argues that an allocation
regime based initially on grandfathering but with the
emission permits being modified by altering the value
of the permits over time, would be most appropriate.
Thus, developed countries would have declining
permits over time, while developing countries could
have rising permits that less than offset the developed
countries’ reductions. This can be illustrated by, for
example, the following formula:

Qj = Q?{wy Do pyi + Wy Po,y; + Wp Popil

where i represents the country in question; Q is the
emissions quota; superscript g is the global emissions
target; subscripts H, ¥, and P refer to historical CO,
emissions, GDP, and population, respectively; w
refers to the weight assigned to the rule, with the sum
of wx, wr and wr being equal to one; @ is the country’s
share in the relevant global total; and subscript O
refers to the base year. This approach weights three
alternative rules to determine an overall country
permit. Cline®® argues that if the three weights shifted

® 8. Kverndokk: Global CO, Agreement: A Cost-Effective
Approach, in: The Energy Journal, Vol. 14, 1993, No. 2, pp. 91-112,

® M. Grubb: The Greenhouse Effect: Negotiating Targets, The
Royal Institute of International Affairs, London 1989. Given that there
are many other problems associated with population growth, and that
the governments are concerned with per capita income (or per capita
welfare), it is highly unlikely that countries would increase their
population for this reason. It is nevertheless worthwhile pointing out
this possibility.

7 D. Pearce: Economics and the Global Environmental Chai-
lenge, in: Journal of International Studies, Vol. 19, 1990, No. 3, pp.
365-387.

® W. R Cline: The Economics of Global Warming, Institute of
International Economics, Washington, DC 1992,
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over time toward the population rule, and thus toward
equity, the approach would seem to stand the best
chance of support by both industrialized and
developing countries: it would give great weight to the
“realism” concerns of industrialized countries at the
beginning of the period, but also provide large scope
for a shift over time toward the equity concerns of
developing countries.

Quantitative analyses of the effects of changing
CO, permits over time along this line have been
made, although relatively seidom. In the study by
Manne and Richels,® for example, the carbon permits,
though still benchmarked against 1990 as the base
year, are distributed with grandfathering initially (the
year 2000) but in proportion to the 1990 level of
population at the end of the planning horizon (the year
2100). This allocation rule is designed not only to
avoid an abrupt change in the status quo, but over the
long run it also leads to an egalitarian distribution of
carbon permits. The results show that according to
the allocation rule there are no dramatic gains from

# A S. Manne andR. G. Richels: International Trade in Carbon
Emission Rights: A Decomposition Procedure, in: American Econ-
omic Review, Vol. 81, 1991, No. 2, pp. 135-139.

trade and each of the regions would benefit modestly
from trade, since none of the five regions buys or sells
more than 5% of the total global volume of tradeable
carbon permits.

So far our discussion of the allocation rule is
associated with a regime of tradeable carbon permits.
These rules are also valid for determining how to
reimburse carbon tax revenues if the international
carbon tax is imposed across countries.

Carbon Taxes vs. Tradeable Carbon Permits

As discussed earlier, both carbon taxes and
tradeable permits minimize overall abatement costs
by allocating the cutbacks to the countries where the
marginal costs of reducing CO, emissions are lowest.
Moreover, given both perfectly competitive markets
and certainty, carbon taxes are equivalent to
tradeable permits. In practice, however, there are
some differences between these two instruments.

Probably the most serious arguments in favour of
tradeable permits rather than taxes so far are as
follows:

[J Tradeable carbon permits, unlike carbon taxes, are

Helen Winter
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a form of rationing and their great advantage is that in
this way one can be sure of achieving the agreed
target. By contrast, the actual achievements in
reductions of CO, emissions for a proposed carbon
tax remain uncertain because of imperfect knowledge
of the price elasticities of demand and supply for
fossil fuels, especially for the large price increases
caused by carbon taxes for major emissions
cutbacks.* This implies that setting the initial tax will
be a hit-and-miss affair, and could thus induce hostile
reactions from countries, industries, and consumers
although it is not clear how serious an objection this
is.®* Moreover, in the context of global warming, the
delays in adjusting the insufficient carbon tax to the
desired level will mean additional committed warming.

J Another complication of the carbon tax is the initial
differences in energy prices. As a consequence of
existing distortions by price regulations, taxation,
national monopolies, barriers to trade etc., there are
initially wide differences in energy prices, both
between fuels and across countries.®? If CO,
emissions are then to be reduced by similar amounts
in two countries, ceteris paribus lower taxes are
required for the country with low prices before the tax
imposition than for the country with the higher pre-tax
prices. Thus a cost-efficient international carbon tax
regime would presumably require the removal of
existing distortions in international energy markets.
Otherwise the countries with the lower pre-tax prices
would enjoy free-ride benefits.

However, a regime of tradeable carbon permits is
also subject to important limitations. In practice, the
regime requires a sufficient number of traders (or
participating countries) to avoid ill-functioning permit
markets.* This requirement heightens the importance
of wide participation by developing countries to avoid
an insufficient number of traders. As discussed earlier,
however, because of the great difficulty in allocating
the initial carbon permits, it might take quite a long
time to induce developing countries to join.* More-
over, even if the regime were put into operation, which
might require less of an international bureaucracy

* For further discussion, cf. W. R. Cline, op. cit.
% Cf. D. Pearce, op.cit.

* P. Hoelier andJ. Coppel: Carbon Taxes and Current Energy
Policies in OECD Countries, in: OECD Economic Studies, Vol. 19,
1992, pp. 167-193.

® An international market seems a minimum requirement. Carbon
emission permits, traded internationally, allow the marginal costs of
abatement to be equalized across countries. Permits may be traded
independently within nations so that the marginal costs of abatement
are equalized across domestic sources.
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than would be needed to administer and enforce an
international carbon tax, some supra-national agency
would be required:

(0 to regulate and perhaps periocdically intervene in
the permit market, in which some undesirable conse-
quences may occur. Hoel,* for instance, argues that
large countries can influence the prices of permits.
For a larger seller, it is optimal to have higher carbon
emissions than the level indicated by the marginal
cost of abatement (i.e. the market price for permits);
and the opposite holds true for a larger buyer;*

(1 to adjust the global target level and re-issue permits
in response to changing conditions as discussed
earlier; and

{d to monitor transactions and enforce any penalties
for abuse.

All the administrative and transaction costs
associated with tradeable permits cannot be known in
advance. They may turn out to be much higher than
was imagined when the target was defined, thereby
making tradeable permits less of an attractive
instrument. This uncertainty regarding the costs of
emission reductions is an important distinction
between tradeable permits and carbon taxes.
Weitzman®¥ has shown that, under specified
conditions, if the marginal abatement cost curve is
steeper than the marginal damage curve for
emissions, then the costs of making an error in the
selection of a price-based instrument such as an
emission fee or charge will be less than those of
making an error in the selection of a quantity-based

* The 1987 Montreal Protocol on CFCs can be taken as an example.
For CFCs, 1) there is substantial scientific evidence that CFCs play
the greatest role in depleting the stratospheric ozone layer; 2) the
number of key countries involved in the globai production of CFCs,
the overall economic costs of phasing out CFCs, and institutional
changes involved are relatively small; and 3) the oligopolistic nature
of the CFC-producing industry ensures that producers’ cooperation
could be secured by effective cartelization and limitation of produc-
tion, making the monitoring of compliance not too difficult. Even for
this case, which is far less complicated and costly than that of
greenhouse emissions, it still took over ten years to achieve the
Protocol. Cf. A. Enders and A. Porges: Successful Conventions
and Conventional Success: Saving the Ozone Layer, in: K.
Anderson and R. Blackhurst (eds.): The Greening of World
Trade Issues, Harvester Wheatsheaf, New York 1992, pp. 130-144,

* For further discussion, cf. M. Hoel, op. cit.

*® For a theoretical analysis of tradeable emission permits when
some of the participants have market power, cf. R. W. Hahn and
R. N. Stavins: Economic Incentives for Environmental Protection:
Integrating Theory and Practice, in: American Economic Review, Vol.
82, 1992, No. 2, pp. 464-468; W. S. Misiolek and H. W. Elder:
Exclusionary Manipulation of Markets for Pollution Rights, in: Journal
of Environmental Economics and Management, Vol. 16, 1989,
pp. 156-166.

M. L. Weitzman: Prices vs. Quantities, in: Review of Economic
Studies, Vol. 41, 1974, pp. 477-491.
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instrument such as a tradeable permit. This suggests
that if there is great uncertainty about the costs of
emission reductions, carbon taxes are preferred in
order to avoid potentially large and unexpected costs.
However, if the overall impacts of climate change are
believed to be unacceptably high or there were a
threshold effect caused by the stock of CO,
emissions beyond which atmospheric temperatures
would rise exponentially, the target would then have
high political priority. In this case, the choice of econ-
omic instruments should not be swayed by uncer-
tainty regarding the costs of emission reductions, and
tradeable permits would be preferred to carbon taxes.

Besides, so far there has been limited international
experience with tradeable permits.®® While tradeable
permits have enjoyed some considerable success in
the various domestic contexts, that by no means
guarantees their success in the international context.
Thus, such a regime is perhaps yet to be validated
through more experience on a small, rather than
global, scale. In this regard, it is worthwhile putting
into practice joint implementation, a derivative of the
idea of permits trading that has been built into the UN
Framework Convention on Climate Change to allow
countries to invest in emission reduction projects in
other countries where such projects would be more
cost-effective than trying to achieve an equivalent
reduction within their own countries. The experiments
may provide some experience for the implementation
of a global tradeable emission permits regime.*

Conclusions

This paper has evaluated policy instruments
targeted at the control of CO, emissions. The
following conclusions emerge from the analysis:

U1 First, the global warming problem has internationat
and intertemporal dimensions, where its impacts
cannot be confined to the country of origin, will last
over generations, and are hard to quantify. in dealing
with such a problem, achieving the predefined targets
for emissions reductions at the least cost is the goal,
rather than seeking the optimal solution through
internalization of the associated externalities.

O Second, if the goal is to reduce CO, emissions,
energy taxes (if introduced) will lead to poor target
achievement or else to unnecessarily high costs as

* There are two main applications of tradeable permits: emissions
trading under the US Clean Air Act and the use of individual quotas
as the primary means of addressing overfishing and depleticn of
inshore stocks in New Zealand and other countries.
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compared with carbon taxes. In the case of general
taxation on energy, the reductions in CO, emissions
will mainly be achieved by price induced energy
conservation. By contrast, carbon taxes reduce CO,
emissions both through their price mechanism effects
on energy consumption and through fuel choice.

(J Third, for the effectiveness of action, carbon taxes
should escalate over time and be imposed globally in
order to reflect the rising costs of damage from the
accumulation of CO, concentration in the atmos-
phere, to give the markets the signal that CO,
emissions will eventually be heavily taxed, and to
prevent carbon leakage that would otherwise take
place in regions or countries without such taxes. But
if this is not the case, special attention should be
given to the treatment of the carbon tax revenues, the
impacts on the distribution of income, and to the
effects on international competitiveness when
designing a unilateral carbon tax.

O Fourth, the allocation of emission permits would in
practice have to be based on relatively straight-
forward rules. If an allocation rule is likely to induce
relatively large participation, account might be taken
of historical CO, emissions, GNP (or GDP) and
population together, and the emission entitlements of
each participating country should be adjusted over
time in order to reduce the relative benefits and
relative excess costs of each country.

(J Finally, the actual achievements in the reduction of
CO, emissions for a proposed carbon tax remain
uncertain, while under a regime of tradeable carbon
permits there will be certainty about the magnitude of
emission reductions but great uncertainty about the
costs of such reductions. If there were a threshold
effect of climate change, tradeable permits would be
preferred to carbon taxes. Given our current lack of
knowledge about the magnitude, timing and regional
effects of climate change, however, carbon taxes
appear to be the superior and more flexible
instrument that avoids potentially large and
unexpected costs.

* Facilitating immediate progress without jeopardizing a smooth
evolution to a more mature, comprehensive system requires careful
attention to the implementation details. Although the joint
implementation stage bears little resemblance to an actuat emission
permits market, it serves the very important purpose of faunching the
process and providing opportunities for the various supporting
administrative institutions to “learn by doing”. For further discussion
of implementation issues for global tradeable carbon permits regime,
cf. T. Tietenberg: Implementation issues for Globally Tradeable
Carbon Entitlements, in: E. van lerland (ed): International
Environmental Economics: Theories and Applications to Climate
Change, International Trade and Acidification, Eisevier, Amsterdam
1994, pp. 119-149.
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