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Abstract

For reasons of political feasibility, emission trading systems may have to rely on free initial

allocation of emission allowances in order to ameliorate adverse production and employment

effects in dirty industries. Against the background of an emerging European-wide emission

trading system, we examine the trade-off between such compensation and economic efficiency

under output-based and emissions-based allocation rules. We show that the emissions-based

allocation rule is more costly than the output-based rule in terms of maintaining output and

employment in energy-intensive industries. When the international allowance price increases,

the inferiority of emissions-based allocation vis-à-vis output-based allocation becomes more

pronounced, as emission subsidies drastically restrict efficiency gains from international trade

in emission allowances.
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I. Introduction

Environmental regulation may have highly adverse effects on production and
employment in sectors where environment-intensive inputs represent a sig-
nificant share of direct and indirect costs. With the objective of promoting
political feasibility, rebating revenues to influential energy-intensive indus-
tries has become a common feature of market-based instruments. Examples
of environmental taxation range from Sweden’s NOx tax, where revenues are
rebated to affected power plants in proportion to the amount of energy
produced, to Germany’s green tax reform, where energy-intensive industries
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are reimbursed for energy tax payments beyond a certain threshold; cf.
OECD (2001). Likewise, the implementation of tradable allowance systems
has been linked to a free initial distribution of emission allowances. The most
prominent examples are the SO2 allowance trading scheme under the Clean Air
Act, cf. Stavins (1998) and Burtraw (1999), and the EU trading scheme for
carbon emissions from energy-intensive installations, which came into force on
January 1, 2005; cf. EU (2003).

In this paper, we compare two policy-relevant allocation rules for emis-
sion allowances, i.e., output-based and emissions-based allocation, in terms
of overall cost efficiency and sectoral impacts on production and employ-
ment. Combining theoretical partial equilibrium analysis with numerical
general equilibrium simulations, we find that an emissions-based allocation
rule is inferior to an output-based allocation rule for maintaining output and
employment in energy-intensive sectors. The reason is that the emissions-
based rule distorts not only the choice of output levels, but also the choice of
emission rates. The inferiority of emissions-based allocation vis-à-vis output-
based allocation becomes more pronounced, the higher the international
allowance price, because the implicit subsidies to emissions drastically
restrict potential efficiency gains from international trade in emission
allowances.

It has already been pointed out by several authors that free allocation of
emission allowances on the basis of firm-specific decisions may induce a
trade-off between efficiency and compensation in environmental policy.1

Böhringer, Ferris and Rutherford (1998) quantify the implications of initial
allowance allocation proportional to output. They show that, compared to
auctioned allowances, there are significant efficiency losses. At the sectoral
level, however, the allocation is found to be beneficial to workers and capital
owners in energy-intensive industries. Jensen and Rasmussen (2000) confirm
high efficiency costs of output-based allowance allocation in a dynamic CGE
model for Denmark. Burtraw, Palmer, Bharvirkar and Paul (2001) compare
the cost effectiveness and distributional effects of three alternative approaches
for distributing carbon emission allowances in the U.S. electricity sector:
auctioning, (lump-sum) grandfathering and a generation performance stand-
ard serving as an implicit output subsidy. Their analysis stresses the overall
efficiency advantages of auctioning and quantifies the differential impacts
on consumer energy prices, producer profits and asset values. In a simple
stylized partial equilibrium framework, Fischer (2001) shows that different

1 As elaborated in the ‘‘double-dividend’’ literature by e.g. Goulder (1995) or Bovenberg

(1999), even lump-sum rebates to firms or households, such as grandfathering systems where

free allocation is based on historical data without updating of the allocation, would only be

second best. The main reason is that such systems do not exploit the potential efficiency gains

from revenue-neutral cuts in pre-existing distortionary taxes.
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rebating schemes based on output shares imply subsidies to output, so that
emission abatement is shifted towards higher emission rate reduction and
lower output contraction. Böhringer and Lange (forthcoming) provide a
theoretical efficiency analysis of emission allocation rules. They show that
the distortionary impacts of allocation schemes depend crucially on whether
the emission trading system is closed, i.e., there is an absolute cap on
emissions, or open, i.e., firms can trade allowances with outsiders and,
hence, the number of free allowances does not necessarily equal the aggre-
gate emission level.

None of the previous papers explicitly compares emissions- and output-
based allocation schemes with respect to the trade-offs between efficiency
and political feasibility in terms of production and employment changes in
energy-intensive industries. The aim of this paper is to substantiate this
trade-off with quantitative evidence on alternative allocation schemes that
are under consideration by EU member states in the context of the EU
emission trading system.

The remainder of the paper is organized as follows. In Section II we
extend the partial equilibrium model by Fischer (2001) to compare the
fundamental economic implications of output- and emissions-based alloca-
tion schemes. Section III contains our numerical general equilibrium analy-
sis based on empirical data to quantify the trade-offs—under alternative
allocation schemes—between efficiency and political feasibility with respect
to changes in production and employment in energy-intensive industries.
Section IV offers policy conclusions.

II. Theoretical Partial Equilibrium Analysis

We extend the one-sector partial equilibrium analysis of output-based allo-
cation rules by Fischer (2001) with complementary analysis for the case of
emissions-based allocation rules. Given the uncertainty of prices for tradable
allowances on future international markets, we also provide a detailed
sensitivity analysis with respect to changes in international allowance prices.
Our stylized theoretical analysis provides the intuition for the results of the
numerical simulations in Section III.

Output-based versus Emissions-based Allocation

We consider a representative firm to be a price taker on both the product and
emission markets. The firm’s emissions e are the product of its emission rate
� times its output level q. Marginal production costs c(�) are constant in
output but decreasing in the emission rate (c(�) � 0, c0(�) < 0, c00(�) > 0).
Inverse demand for output is given by P(q) (decreasing, differentiable).
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In the context of international cap-and-trade agreements on carbon regula-
tion such as the EU emission trading system under the EU Burden Sharing
Agreement (1999), permissible allowance allocations are fixed by the reg-
ulator at some upper bound E, while emission allowances can be traded
internationally, i.e., the representative firm is not bound by the number of
domestically assigned allowances E. The international price of emission
allowances � is exogenous.2

Under the open trading system the social planner maximizes welfare,
which is composed of consumer surplus net of production costs (including
revenues or expenditure from emission trading):

max
q;�
¼
Z q

0

PðsÞds� cð�Þq� �ð�q� EÞ:

The associated first-order conditions can be derived as:

PðqÞ ¼ cð�Þ þ ��; ð1Þ
� ¼ �c0ð�Þ: ð2Þ

Condition (1) states the familiar finding that the marginal benefit of
another unit of production must compensate for the social costs of producing
another unit of output at efficient production levels. Condition (2) deter-
mines the efficient emission rate at which the marginal cost of an additional
emission unit (given by the international allowance price) equals the mar-
ginal cost of emission reduction. The efficient solution could be easily
decentralized by imposing an explicit emission tax at rate � ¼ �c0(�) or by
auctioning off the allowances E.

However, in policy practice, the regulator may not achieve political feasi-
bility unless revenues are rebated to regulated firms in order to ameliorate
adverse production and employment effects. This amounts to the free alloca-
tion of emission allowances that can be linked to firms’ output or emission
levels. Denoting output-based allocation rates by �q and emissions-based
allocation rates by �e, respectively, the firm’s allocation of allowances is
given as �qq for output-based and �ee ¼ �e�q for emissions-based rules.

2 In the actual policy environment of the EU Emission Trading Directive (2003), the assump-

tion of an exogenous international allowance price is justified for two reasons. First, the EU

system prescribes the choice of allocation plans as a national task (subsidiarity principle)—
thus, there is no central coordination of individual EU countries towards joint strategic

behavior. Second, the EU emission market will be opened to the world market via the flexible

instruments under the UNFCCC Kyoto Protocol (1997), i.e., emission trading and project-

based emission crediting with non-EU countries, which amounts to fully elastic import demand

and export supply from a single-country perspective.
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The representative firm then maximizes profits taking prices and allocation
factors �q and �e as given:3

max
q;�

Pq� cð�Þq� �ð�qqþ �e�q� EÞ:

Optimization yields the first-order conditions:

PðqÞ ¼ cð�Þ þ ��� �q� � �e�� ; �ð1� �eÞ ¼ �c0ð�Þ:

For both the output- and the emissions-based rule, the allocation factors �q

and �e are endogenous to ensure the overall allocation constraint E in
equilibrium (�qq ¼ E and �ee ¼ �e�q ¼ E).

The resulting equilibrium conditions are summarized in Table 1. By
comparing the equilibrium conditions (3o/e) and (4o/e) with the first-order
conditions of the social optimum (1) and (2), we obtain the following results
on the performance of output- and emissions-based allocation rules:

Proposition 1. The output-based allocation implements the optimal

emission rate while leading to an output level higher than optimal. Under

the emissions-based rule, both the emission rate and the output level are

higher than in the social optimum. Output is higher under the output-based

than under the emissions-based rule.

Proof: See the Appendix.

Hence, under output-based allowance allocation, efficiency losses occur
only due to the distortion of output. Under the emissions-based rule, how-
ever, there is an additional distortion of the emission rate: due to the
subsidies on emission use, the emission rate and the output level are chosen
at levels higher than efficient. Efficiency losses under the emissions-based
rule can thus be decomposed into two components: (i) higher social costs per
unit of output (c(�) þ ��), and (ii) a distorted output level. The comparison of

Table 1. Equilibrium conditions

Output-based rule Emissions-based rule

P(q) ¼ c(�)þ ��� �E=q (3o) P(q) ¼ c(�)þ ��� �E=q (3e)
� ¼ �c0(�) (4o) �(1� E=(�q)) ¼ �c0(�) (4e)

3 Our condensed one-period representation captures the key economic incentives of dynamic

allocation systems, where historical output or emission levels are taken as a basis for allow-

ance allocation within continuous period-by-period planning. In such systems, upcoming

firms’ decisions will determine the output or emission levels that are ‘‘historical’’ in subse-

quent periods; see Böhringer and Lange (forthcoming).
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output- and emissions-based rules shows that the output level is higher under
output-based than under emissions-based rules. Output-based rules therefore
appear preferable as an instrument for reducing, output (structural) changes.

Sensitivity Analysis: International Emission Allowance Prices

The impact of output- or emissions-based allocation schemes depends on the
international emission price � . Given the uncertainty of allowance prices on
future markets for tradable allowances, it is relevant for domestic regulation
policy to assess the economic performance of alternative allocation rules
with respect to changes in the international allowance price. Differentiation
of the equilibrium conditions by � yields the sensitivity of emission levels
and welfare as summarized in Table 2.

From the social planner’s perspective, optimal emissions obviously
decrease in � . It becomes increasingly profitable to sell allowances and
augment domestic abatement efforts. Under the output-based rule, total
emissions decrease if the representative firm is a net buyer of allowances
(�q > E), whereas the change is ambiguous if the representative firm is a net
seller of allowances (�q < E). Under the emissions-based allocation rule,
total emissions decrease in � if and only if the representative firm is a net
buyer of allowances. Thus, assuming that a country imports allowances if
they are free (� ¼ 0), the country will be a net buyer for all � ; its total
emissions converge to the overall emission assignment E.

As for welfare, a country will obviously benefit from higher allowance
prices in all three cases if it is a net seller of allowances, but will suffer if it
relies on buying allowances. Assuming that the representative firm is a net
buyer at � ¼ 0, the welfare levels will decrease in � for low levels of � in all
three cases. If the international allowance price is zero, i.e., � ¼ 0, no
distortions will result from either emissions- or output-based allocation. By
continuity, for low allowance prices, welfare losses due to application of the
two allocation rules are small and of similar magnitude. When allowance
prices are raised, the differences between the rules become more pronounced.
Under output-based allowance allocation as well as under efficient auctioning,
there will be a switch to selling allowances, after which welfare will increase.
Under emissions-based allocation, however, welfare will continue to decline,
thereby widening the welfare gap vis-à-vis output-based allocation.

III. Numerical General Equilibrium Analysis

Theoretical partial equilibrium analysis provides stylized qualitative insights into
the fundamental economic incentives and (partial) equilibrium implications for

# The editors of the Scandinavian Journal of Economics 2005.
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Table 2. Sensitivity of emissions and welfare with respect to the international allowance price �

Emission levels Welfare
@(�q)

@�

@Wopt

@�

Social optimum � q

c00
þ �

2

P0
< 0

�(�q� E)

Output-based rule � q

c00
þ (�� E=q)

�

P0 � �E=q2 �(�q� E)
P0

P0 � �E=q2

Emissions-based rule (�� E=q)
�c00 � qP0=�

P0(c00 þ �E=(�2q))� c00�E=q2
�(�q� E)

P0c00

P0(c00 þ �E=(�2q))� c00�E=q2
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alternative allocation schemes. In order to quantify the policy-relevant trade-offs
between efficiency and compensation to energy-intensive industries, however,
we have to account for real-world complexities such as more detailed production
structures or various market interactions. Analytical solutions are then no longer
available and numerical methods are required. Against this background, com-
putable general equilibrium (CGE) models have become the standard tool for
applied economy-wide analysis of policy measures; for surveys on applications
to environmental policies, see Conrad (1999, 2001). The main virtue of the
CGE approach is its comprehensive representation of price-dependent market
interactions based on rigorous microeconomic theory. By providing a simulta-
neous explanation for the origin and spending of agents’ incomes, both economy-
wide efficiency as well as distributional effects of policy interference can be
addressed.

For our numerical analysis of allocation rules, we adapt a standard CGE
model of open economies to reflect key features of the EU emission trading
scheme from a single-country perspective; see Böhringer and Vogt (2003). EU
member states are committed to specific carbon emission constraints CO2
agreed on in the EU Burden Sharing Agreement. Each member state must
specify a cap E and an allocation rule for free emission allowances to energy-
intensive installations in five downstream sectors that are eligible for interna-
tional emission trading (electricity, oil refineries, iron and steel, non-ferrous
mineral industries, and paper and pulp production). As the EU trading system
covers only energy-intensive industries, it implies complementary domestic
abatement policies for the remaining sectors in order to comply with the rest
of the national emission budget (CO2� E).

Below, we start with a brief non-technical summary of the CGE model
underlying our numerical analysis. (The detailed algebra and parameteriza-
tion of the model can be downloaded from ftp://ftp.zew.de/pub/zew-docs/
div/allocation.pdf.) We then introduce the central policy scenarios, interpret
the simulation results and discuss the robustness of our findings.

Model Summary

Figure 1 provides a diagrammatic structure of the generic open-economy
model. A representative agent RAr in some region r is endowed with three
primary factors: labor Lr, capital Kr and fossil-fuel resources Qff;r (used for
fossil-fuel production). The representative agent maximizes utility from
consumption of a composite good Cr which combines demands for energy
and non-energy commodities at a constant elasticity of substitution (CES).
Production Yir of commodities i in region r is captured by nested separable
CES functions that describe the price-dependent use of capital, labor, energy
and material in production. Carbon emissions are linked in fixed proportions
to the use of fossil fuels with carbon coefficients differentiated by the

# The editors of the Scandinavian Journal of Economics 2005.
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specific carbon content of fuels. Carbon abatement can take place by fuel
switching or energy savings in production and final consumption.

Trade is specified using the Armington (1969) approach of product hetero-
geneity, whereby domestic and foreign goods of the same variety are
distinguished by origin. All goods used on the domestic market in inter-
mediate and final demand correspond to a CES composite Air that combines
the domestically produced variety Yir and imports Mir of the same variety
from other regions. Domestic production Yir either enters the formation of
the Armington good Air or is exported to satisfy the import demand of other
regions. Trade with other regions is represented by a set of horizontal export
demand and import supply functions at exogenous world import and export
prices. A balance of payment constraint, which is warranted through flexible
exchange rates, incorporates the benchmark trade deficit or surplus.

The model is based on consistent accounts of national production and
consumption, as well as trade and energy flows in 1997, as provided by the
GTAP5 database; see Dimaranan and McDougall (2002). As is customary in
applied general equilibrium analysis, the benchmark data for quantities and
prices along with exogenous elasticities determine the free parameters of the
functional forms. The effects of policy interference are measured with
respect to the benchmark situation—usually termed business-as-usual
(BaU )—where no policy changes apply.

Policy Scenarios

Cost effectiveness of carbon abatement policies suggests that emission
reduction should be implemented where it is cheapest. From an international

Air

RAr

Cr

Mir
Other EU
regions 

Fossil fuels

Yir

Region r 
Lr ,

ROW

ROW

Energy-intensive
sectors

Other sectors

Kr , Qff,r

Fig. 1. Diagrammatic overview of the model structure
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perspective, this calls for an open system with unrestricted where-flexibility.
To promote cost savings through where-flexibility, the EU has not only
prescribed intra-EU emission trading between energy-intensive industries
but also intends to link the internal EU market with potential non-EU trading
schemes and project-based measures such as Joint Implementation or the
Clean Development Mechanism stipulated in the Kyoto Protocol.

We distinguish four abatement scenarios, three of which consider an
international emission trading system restricted to energy-intensive sectors
as implemented under the EU emission trading scheme. In the three scenarios
with international emissions trading, the national regulator determines the
budget E of emission allowances for energy-intensive industries as the sum
of emissions by these industries that would occur in the presence of a
uniform domestic carbon tax to meet the overall emission constraint CO2
(i.e., a cost-efficient domestic policy). Revenues from carbon taxes or auc-
tioned allowances are rebated lump-sum to the representative agent. Under
the emissions-based rule, E allowances are freely allocated to energy-
intensive sectors in proportion to their emissions. Under the output-based
rule, E allowances are freely allocated to energy-intensive sectors in propor-
tion to their output weighted by a sector-specific historical performance
standard (in our case: the emissions–output ratio for the benchmark year).

Scenario NOTRADE is based on cost-efficient domestic action without
cross-border trade in emissions. The government levies a uniform domestic
carbon tax which is sufficiently high to meet the national emission constraint
CO2. This delivers a reference point against which we can measure the
potential efficiency gains from where-flexibility.

Scenarios AUCTION, OUTPUT and EMISSION reflect the European
emission trading program, thereby featuring where-flexibility for energy-
intensive sectors. They differ only with respect to the allocation of emission
allowances in the restricted allowance market. In scenario AUCTION,
energy-intensive sectors must purchase emission allowances E at the inter-
national market price and do not receive any revenue rebate. In scenario
OUTPUT, emission allowances E are freely allocated to the energy-inten-
sive sectors according to the output-based rule. In scenario EMISSION, emis-
sion allowancesE are freely allocated to the energy-intensive sectors according to
the emissions-based rule. Note that all other segments of the economy are bound
to the remaining emission budget ðCO2� EÞ, which is met by imposing a
domestic carbon tax. Table 3 summarizes the main characteristics of the four
abatement scenarios.

Simulation Results

In our main simulations we consider the case of the German economy, which
is by far the largest emitter of CO2 among EU member states. The emission

# The editors of the Scandinavian Journal of Economics 2005.
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cutback requirement is set at 20%, reflecting the magnitude of Germany’s
reduction target under the EU Burden Sharing Agreement (except that we
apply this reduction target to benchmark emissions in 1997 rather than 1990
as the reference year for the EU Burden Sharing Agreement).

Under NOTRADE, a uniform carbon tax of US$68/tC must be levied to
achieve a cutback of CO2 emissions by 20%. Imposition of the carbon tax
induces adjustment of production and consumption patterns to substitute
away from carbon by fuel switching and energy savings. Total adjustment
costs—measured in terms of real consumption—amount to 0.22% of the
BaU consumption value. Carbon taxes increase the costs of production,
particularly for the energy-intensive sectors in which energy represents a
significant share of direct and indirect costs. This leads to a pronounced
decline in aggregate output and employment in energy-intensive industries
by 10% and 8.2%, respectively.

We can now compare the implications of international emission trading
under alternative allowance allocation rules for energy-intensive industries.
Reflecting our theoretical sensitivity analysis in the preceding section and
the uncertainty surrounding the future international price of carbon allow-
ances, we provide graphs of the results where changes in key economic
indicators are plotted as a function of the international allowance price
ranging from US$10 up to US$250 per ton of carbon (or likewise US$2.7
up to US$68.2 per ton of CO2). The graphical exposition also includes the
results for the NOTRADE scenario (obviously independent of any inter-
national allowance price) as a reference point for comparison.

Figure 2 depicts the welfare (consumption) changes imposed by the
exogenous carbon emission constraint across our four main scenarios. The
shape of the adjustment cost trajectory for scenario AUCTION follows basic
economic intuition. Whenever the international allowance price differs from
the autarky marginal abatement cost, the economy is better off than in the
NOTRADE case. If the international allowance price falls below the autarky
marginal abatement cost, allowance imports replace more costly domestic
emission reduction. In turn, for international allowance prices above the
autarky marginal abatement cost, the economy benefits from revenues of

Table 3. Overview of key scenarios

Regulation scheme
International

Scenario Energy-intensive industries Rest of economy emission trading

NOTRADE CO2-Tax CO2-Tax No
AUCTION Allowance/auctioned CO2-Tax Yes
OUTPUT Allowance/output-based rule CO2-Tax Yes
EMISSION Allowance/emissions-based rule CO2-Tax Yes

# The editors of the Scandinavian Journal of Economics 2005.
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allowance exports that exceed the costs of additional domestic abatement. In
our concrete case, emission trading under AUCTION more than offsets the
adjustment costs to the domestic emission constraint for international allow-
ance prices above US$190/tC, yielding net welfare gains. In qualitative
terms, the output-based allocation (scenario OUTPUT ) exhibits the same
characteristics as in the case of auctioned allowances. However, the welfare
loss induced by output subsidization exceeds the gains from allowance trade
over a larger range of international allowance prices. Here, the international
allowance price must be around US$230/tC to make Germany as well off
under OUTPUT as in the case of purely domestic action. The potentially
high efficiency costs of emissions-based allocation—indicated in the theor-
etical analysis of Section II—become evident in our numerical results.
EMISSION is the sole scenario that exhibits steadily increasing costs of
adjustment to the international allowance price.

Figure 3 illustrates the reasoning behind the inferior efficiency of emissions-
based allocation as compared to output-based allocation. While both allocation
schemes generate efficiency losses on the output side of the economy,
emissions-based allocation has the added effect of distorting the emission
input choice. The output-based rule preserves the efficient emission rate,
which declines markedly with the increase in international allowance
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prices.4 The emission rate under the emissions-based rule, however, dramat-
ically exceeds the efficient rate due to input subsidization of emission use in
energy-intensive industries.

Figure 4 describes the implications for international allowance trade.
Across all scenarios, domestic emission abatement in energy-intensive
industries that are eligible for carbon trade becomes more profitable when
the international allowance price is raised. Compared to efficient trading
under AUCTION, the import level of carbon for distortionary output- and
emissions-based allocation is always too high (likewise, the level of exports
is too low). Starting from a net importing position at lower international
allowance prices, the switch to a net exporting position requires substantially
higher international allowance prices under output-based allocation as com-
pared to auctioning because of subsidized domestic production. Emissions-
based allocation schemes even imply a permanent carbon importing position
where total domestic emissions of energy-intensive industries remain asymp-
totically above the total emission allowance E.
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We now turn to production and employment effects in energy-intensive
industries that—in policy practice—might constitute the main trade-off
with pure efficiency considerations. Figures 5 and 6 clearly demonstrate
that both distortionary allocation schemes (OUTPUT, EMISSION ) avoid
a stronger decline in production and associated employment because of
output subsidization. The distortion in favor of energy-intensive production
and employment—compared to efficient production levels under
AUCTION—becomes more pronounced the higher the international allow-
ance price.

Comparing the two distortionary allocation schemes, the most important
insight from our numerical analysis is that the output-based rule not only
induces substantially lower efficiency losses than the emissions-based rule
but also performs better in ameliorating adverse production and employment
effects in energy-intensive industries.5 The main reason for this is that real
disposable income is higher under the less distortionary output-based rule.
Thus, consumption demand for final goods, including energy-intensive
commodities, is higher, thereby implying higher production and employment
levels.
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Sensitivity Analysis

To evaluate the sensitivity of our results, we ran additional simulations for
alternative assumptions on (i) benchmark data, (ii) the emission reduction
target, (iii) the international dimension of abatement policies and (iv) the
market structure in energy-intensive industries. We find that all of the
insights based on our main-case simulations remain robust (details of the
simulation results are provided in the above-mentioned downloadable
appendix).

Benchmark Data

We also conducted simulations for other EU member states and major non-
EU industrialized countries that contemplate carbon abatement policies.
Differences in the concrete quantitative results across regions primarily
reflect different benchmark carbon intensities in production and consump-
tion and, thus, the relative ease of carbon substitution.

Reduction Targets

More stringent abatement targets increase the adjustment costs across all
policy scenarios. The efficiency cost of both distortionary allocation rules
vis-à-vis efficient auctioning decreases, however, as reduction targets
become more stringent. That is, the total amount of free emission allowances
E—determined by cost-efficient domestic regulation (NOTRADE)—will
decline and, thus, the effective distortionary subsidy will be reduced.
Likewise, the inferiority of emissions-based allocation as compared to
output-based allocation will diminish.

Multilateral Abatement

In our main-case simulations, we have considered unilateral abatement
policies of a small open economy. To gain insight into how equivalent
abatement policies of major trading partners would affect our results, we
set up a two-region model variant with bilateral trade where both regions
(here: Germany and the remaining aggregate of the European Union) under-
take identical abatement policies (20% emission cutback from BaU emission
levels). As compared to unilateral emission constraints, the adverse effects
of non-compensating abatement strategies (NOTRADE, AUCTION ) on pro-
duction and employment in energy-intensive industries are less pronounced.
The reason is that reciprocal action of essential trading partners reduces the
total loss in comparative advantage for these sectors. Overall, the multi-
lateral abatement setting with endogenous terms of trade produces only
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second-order effects that do not change the qualitative findings from the
small open-economy setting (with fixed terms of trade).

Market Structure

By default, factor and commodity markets were treated as perfectly com-
petitive. To test the robustness of our results with respect to assumptions on
the market structure in energy-intensive industries, we implemented a model
variant with Cournot competition due to fixed costs. In this setting, firms in
energy-intensive industries must charge a markup over marginal costs to
cover fixed cost, and the number of firms in an industry is determined
endogenously. This is the common framework for imperfect competition in
the computable general equilibrium literature; see e.g. Lopez-de-Silanes,
Markusen and Rutherford (1994). This setting increases costs of adjustment
to emission constraints but does not affect the qualitative ranking of alter-
native allocation schemes.

IV. Policy Conclusions

Revenue rebates to dirty industries in order to ameliorate adverse production
and employment shocks have become a key element of environmental
regulation, with the objective of promoting political feasibility. In this
paper, we have examined the trade-off between such compensation and
overall efficiency for open tradable allowance systems that include free
initial allocation of emission allowances to energy-intensive industries
based on either emissions or output. Our analysis clearly indicates that emis-
sions-based allocation is more costly than output-based allocation in terms of
maintaining output and employment in energy-intensive industries. When the
international allowance price is raised, the inferiority of emissions-based allo-
cation vis-à-vis output-based allocation as a means of mitigating structural
change becomes more pronounced, as emission subsidies drastically restrict
potential efficiency gains from international trade in emission allowances.

This leads us to our final policy conclusion with respect to the design of
allowance allocation schemes under the EU emission trading system. The
international allowance price of a broader emission trading system is likely
to be rather low after U.S. withdrawal and larger emissions by the former
Soviet Union are taken into account; see Buchner, Carraro and Cersosimo
(2002) for a survey of price estimates. Efficiency costs of output-based
allowance allocation in the EU trading system will therefore be relatively
low during an initial phase, while benefits in terms of political feasibility
will be rather large. Given that the costs of compensation can increase
substantially if future (global) emission reduction constraints become more
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stringent and international allowance prices increase, policymakers should
credibly announce transition to non-distortionary auctioning of emission
allowances for subsequent phases.

Appendix. Proof of Proposition 1

Let us restate equilibrium conditions (1)–(4) as: P(q) ¼ c(�) þ �� � �1�; �(1 � �2) ¼
�c0(�), where �1 ¼ 0 in the social optimum and �1 ¼ �E=(�q) for output- and emissions-

based allocation rules, �2 ¼ 0 for both the optimum as well as the output-based allocation

rule, and �2 ¼ �E=(�q) for the emissions-based allocation rule. The difference between

output-based allocation and the social optimum is then given by the partial derivative with

respect to �1, the difference between emissions- and output-based rules by the derivative

with respect to �2, and the difference between the emissions-based rule and the social

optimum by the sum of the two derivatives. Differentiation yields:

@q

@�1
¼ � �

P0ðqÞ > 0;
@�

@�1
¼ 0;

@q

@�2
¼ 0;

@�

@�2
¼ �

c00ð�Þ > 0;

which directly confirms the relationships put forward in the proposition.
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Böhringer, C. and Vogt, C. (2003), Economic and Environmental Impacts of the Kyoto

Protocol, Canadian Journal of Economics 36, 475–494.
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