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This paper concerns the welfare consequences of environmental policy cooperation in
a two-country economy. We assume that the countries finance their public expendi-
tures by using distortionary taxes, and that they differ with respect to competition in
the labor market. The purpose is to characterize the welfare effect of a policy reform,
where the countries agree to slightly increase their expenditures on abatement. We
show how the welfare effect of the policy reform depends on changes in the environ-
mental damage, employment, and work hours. We also relate the welfare effect to the
strategic interaction among the countries in the prereform equilibrium.
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1. Introduction

Transboundary environmental problems imply that the emissions generated
by each country do not only give rise to deterioration of the domestic en-
vironment; they also affect the environment facing the residents in other
countries. To deal with such resource allocation problems, it has been recog-
nized that some kind of cooperation is typically required. However, the
notion of cooperation does not necessarily mean that countries pool their re-
sources in order to implement a cooperative equilibrium concept. It is more
realistic to assume that they agree upon smaller projects, the purposes of
which are to improve the resource allocation. This paper analyzes the wel-
fare consequences of such an agreement between countries to increase their
expenditures on environmental (abatement) policy. The purpose is to derive
and characterize the resulting welfare change measure. Contrary to most
earlier studies dealing with transboundary environmental problems, we pay
explicit attention to how preexisting tax distortions and imperfect competi-
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tion in the labor market contribute to the welfare effect of environmental
policy coordination. We also relate the welfare effect of policy coordination
to the strategic interaction among countries in the prereform equilibrium –
an issue that has not yet been thoroughly addressed.

There is a large literature dealing with different aspects of environmental
policy. The methodological discussions may concern a variety of issues such
as the valuation of nonmarket goods, equity, uncertainty, and the evolution
of the ecosystem1. During the last decade, a number of studies have also
emerged, where fiscal and labor-market distortions operate simultaneously
with environmental externalities. The basic argument is, of course, that mar-
ket economies are typically characterized by a number of distortions, each of
which may influence the welfare effects of projects aimed at improving the
environment2. However, earlier research on economic policy, where environ-
mental damage and other distortions jointly affect the policy outcome, typic-
ally abstracts from international spillover effects of environmental damage3.
This is somewhat surprising, since transboundary environmental problems
play a major role in the debate surrounding practical policy. As a conse-
quence, it is important to broaden the theoretical framework for studying en-
vironmental policy. Our paper aims at doing that by combining earlier litera-
ture on environmental policy under preexisting tax distortions and labor-
market imperfections4, respectively, with the study of transboundary en-
vironmental problems. To simplify the presentation, we use a model economy
comprising two countries.

Why is it interesting to extend the study of environmental policy reform
along the lines indicated above? First, with transboundary environmental
damage it follows that the tax and expenditure policies of a particular coun-
try generally affect the behavior and welfare in other countries as well,

1 See e.g., Pindyck (2000) and Tol (2001). See also the introductory text by Hanley (2000)
and the references therein.

2 This idea has been recognized and elaborated on in the literature on environmental
taxes and/or environmental tax reforms in the presence of other tax distortions; see, e.g.,
Bovenberg and de Mooij (1994), Bovenberg and Goulder (1996), Parry et al. (1999), and
Aronsson (1999).

3 An exception is Hoel (1997), who considers environmental policy in combination with
imperfect competition in the labor market. The basic issue in his study is whether interna-
tional environmental targets should be supplemented by coordination of the policies used
to implement these targets. Another exception is Aronsson and Blomquist (2003), who
consider redistribution and environmental policy in a two-country model, where each na-
tional government faces a mixed tax problem. See also the literature on optimal environ-
mental tax differentiation, e.g., Felder and Schleiniger (2000).

4 Previous studies on environmental policy reforms under imperfect competition in the
labor market are typically based on one-country model economies, in which transbound-
ary environmental problems do not arise; see, e.g., Schneider (1997), Bovenberg and van
der Ploeg (1998), and Koskela and Schöb (1999).
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suggesting that the welfare effects associated with the fiscal system are more
complex in economies with transboundary environmental problems than in
the models typically used in earlier literature. Second, real-world labor mar-
kets differ substantially across countries with regards to the degree of com-
petition. For instance, European labor markets are typically characterized
by union wage formation, which causes involuntary unemployment at the
equilibrium, whereas the labor market in the U.S. bears more resemblance
to a competitive market. Since unemployment is a major social problem in
many countries, the labor market is likely to play an important role in the
choice of economic policy (including environmental policy) at the national
level. This will be exemplified by assuming that one of the countries is charac-
terized by union wage formation, while the labor market in the other country
is competitive. Third, as we indicated above, the welfare effects of a policy
reform designed to impose some degree of coordination among countries
also depend on how the countries solve their resource allocation problems
prior to the reform; for instance, whether the countries act in a way similar
to Nash competitors, or whether a particular country acts as a first mover.
Earlier literature often assumes that the alternative to cooperation is a non-
cooperative Nash equilibrium5, which, therefore, represents the reference
case with which the welfare effects of cooperation ought to be compared.
Although this assumption may have intuitive appeal, it is not necessarily
appropriate, as countries differ considerably in size and strength.

We shall not explicitly address the conditions under which coalitions are
likely to form. Our main purpose is, instead, to study the national and global
welfare consequences that would arise if the countries were to agree to
slightly increase their expenditures on abatement. The paper contributes to
the literature primarily in two ways. The first is by characterizing the resulting
welfare change measure. Our paper generalizes the study of environmental
policy by simultaneously addressing (1) imperfect competition in the labor
market, (2) distortionary taxation, (3) endogenous hours of work, (4) policy
reform, and (5) transboundary external effects. The second is to emphasize
how the welfare change measure depends on the policies carried out in each
country prior to the reform as well as on the strategic interaction between the
countries. We discuss three alternative scenarios. First, we derive a general
cost–benefit rule that does not necessarily require that the public policy be
optimally chosen on a national basis prior to the reform. This rule always
applies as long as each national government fulfills its budget constraint.
Second, we consider a situation where the prereform equilibrium is a non-
cooperative Nash equilibrium, implying that each national government has
made an optimal policy choice conditional on the private and public decision

5 See, e.g., Barrett (1994), Carraro and Siniscalco (1993), and Tahvonen (1994).
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variables in the other country. Finally, we derive the welfare effects of pol-
icy cooperation under the assumption that the prereform equilibrium is the
outcome of a Stackelberg game. This provides an interesting alternative to
the Nash game, in that differences in size and strength among countries are
likely to influence their strategic behavior. To our knowledge, there are no
previous studies on environmental policy reforms at the global level where
a Stackelberg game governs the initial resource allocation.

The analysis will be carried out in a general-equilibrium model, where each
country faces a utilitarian social welfare function. In section 2, we present
the model and analyze the outcome of private optimization. Furthermore, in
line with much earlier research on the welfare effects of public policy, we as-
sume that the private sector in each country solves its optimization problem
conditional on the policy variables, whereas the policymakers recognize how
the private agents respond to policy. The main results are presented in sec-
tion 3. A simplifying assumption here is that labor is immobile between the
countries6. This does not reflect a belief that labor mobility is unimportant;
only that many of its consequences for environmental policy are well un-
derstood from earlier research on international (or interregional) spillover
effects and factor mobility7. Thus, this also enables us to focus on how tax
and labor-market distortions interact with transboundary externalities in the
context of policy reforms, as our assumptions imply that the international
spillover effects of environmental damage constitute the only direct interac-
tion between the countries. Section 4 contains a summary and discussion of
the results.

2. The Model

2.1. Consumers and Firms

The economy consists of two countries, which are denoted by subindex
i = 1, 2, and there are Mi immobile residents in country i. The only important
structural difference between the countries refers to the labor market: the
wage formation process in country 1 is assumed to be influenced by trade
unions, whereas the labor market in country 2 is competitive.

6 Labor mobility is discussed in an earlier version of the paper, which is available from the
authors upon request. We show that labor mobility is compatible with the main line of
reasoning in the paper and is not of main importance for the qualitative results. In our
framework, labor mobility primarily affects the way in which employment-related mo-
tives behind public policy enter the welfare change measure, not the presence of such mo-
tives per se.

7 See, e.g., Wellisch (1995), Sandmo and Wildasin (1999), and Aronsson and Blomquist
(2003).
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The consumers share a common utility function, ui = u(ci, zi, x), where ci

is private consumption and zi leisure, while x = (x1, x2) is a vector whose
elements are the environmental damages generated by the two countries. We
assume that the utility is increasing in ci and zi, decreasing in x, and strictly
quasiconcave. We also require that the consumers treat x as exogenous. The
environmental damage generated by country i, xi, is assumed to increase
with the use of energy in the production in country i, gi, and decrease with
the use of public expenditures on abatement in country i, αi:

xi = ρi
(
gi, αi

)
, (1)

where the assumptions made above imply ∂ρi/∂gi > 0 and ∂ρi/∂αi < 0.
The budget constraint of an employed consumer is given by ce

i = wili(1 −
τi), where wi is the wage rate, li the hours of work, and τi the labor income tax
rate. The superindex e stands for “employed”. By using zi = T − li, where T
is a time endowment, the first-order condition for the hours of work is given
by

∂ue
i

∂ce
i

wi
(
1 − τi

) − ∂ue
i

∂zi
= 0, (2)

where ue
i = u(ce

i , zi, x). Equation (2) implicitly defines the labor supply, li =
l(wi, τi, x).

Unemployment is a possibility only for consumers in country 1. The budget
constraint for an unemployed individual is given by cu

1 = b1, where b1 is a
fixed unemployment benefit, and the utility becomes uu

1 = u(b1, T, x). The
superindex u stands for “unemployed”.

The production side of the economy in each country is competitive and
consists of identical competitive firms producing a homogeneous good. The
variable factors of production are labor and energy. By disregarding entry
into, and exit out of, the goods market in each country, the number of firms
in each country is fixed and will be normalized to one. The objective function
facing the firm in country i is written

Πi = f (Li, gi) − wiLi − tigi, (3)

where Li represents the total employment, measured as the hours of work
per employee, li, times the number of employed persons, Ni, whereas gi is the
energy input and ti the energy tax. In country 2, there is no unemployment,
so N2 = M2. The production function f (·) is increasing in each argument and
strictly concave, and we assume that the firms treat wi and ti as exogenous.
The first-order conditions are

∂f (·)
∂Li

− wi = 0, (4)

∂f (·)
∂gi

− ti = 0 (5)
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for i = 1, 2, which implicitly define the labor demand function Li = L(wi, ti)
and the energy demand function gi = g(wi, ti), which satisfy ∂Li/∂wi < 0 and
∂gi/∂ti < 0. For later use, it will be convenient to define the labor demand in
country 1 in terms of the number of employed persons:

N1 = Ñ
(
w1, l1, t1

) = L(w1, t1)
l1

. (6)

The supply of energy is assumed to be infinitely elastic, and the marginal cost
of producing energy is set to zero. This simplification is not important for the
qualitative results.

In accordance with some earlier work8 on optimal taxation under imper-
fect competition in the labor market, we assume that the pure profits accrue
to the government. An alternative would have been to distribute the profits
among the consumers (and possibly incorporate profit income taxation).
This choice is not important for the qualitative results derived below. Each
national government uses the revenues from the labor income tax, the energy
tax, and the profits to finance the expenditures on abatement9. In country 1,
part of the tax revenues is also used to finance the unemployment benefits.
The budget constraint facing the government in country 1 is written

τ1w1N1l1 + t1g1 + Π1 − (M1 − N1)b1 − α1 = 0, (7)

while the budget constraint for the government in country 2 is given by

τ2w2M2l2 + t2g2 + Π2 − α2 = 0, (8)

where α1 and α2 represent the resources spent on abatement. For later use,
note that by combining the government’s budget constraint, the private bud-
get constraints, and the objective function of the firm in each country, we can
derive the resource constraints

f (N1l1, g1) − N1ce
1 − (

M1 − N1
)

cu
1 − α1 = 0, (9)

f (M2l2, g2) − M2ce
2 − α2 = 0, (10)

implying that output is used for private and public consumption.

2.2. The Labor Market in Country 1

In this subsection, we address wage formation in country 1, where the in-
fluence of trade unions gives rise to unemployment. We assume that all

8 See, e.g., Fuest and Huber (1999) and Koskela and Schöb (2002).
9 A possible extension is to introduce expenditures on other public goods, which may af-

fect utility, production, or both. Such extensions do not affect the results derived below,
as long as the provision of public goods is not used explicitly for balancing the national
budget constraints during policy coordination.
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workers are union members, and that wage formation is decentralized. The
latter is interpreted to mean that each union is small relative to the econ-
omy as a whole, and that each union treats the policy instruments of the
government as exogenous. This is consistent with earlier work on optimal
taxation under imperfect competition in the labor market, as it enables us
to formulate the national policy problems in subsections 3.2 and 3.3 as if the
government were the first mover vis-à-vis the private sector (including the
unions).

To save notational space, we will not go into technical detail about the
wage formation process. For the analysis to be carried out below, it suffices
to assume that the equilibrium wage rate,

w1 = w1(τ1, t1, b1, x), (11)

exceeds the market-clearing wage rate, meaning that there is unemploy-
ment at the equilibrium. Then, by substituting the wage equation into the
labor demand function, we obtain an equation for the number of employed
persons:

N1 = Ñ(w1(τ1, t1, b1, x), l1, t1) = N(τ1, t1, l1, b1, x) < M1. (12)

3. Cost---Benefit Rules for Abatement

In section 2, we addressed the optimization problems of the private sec-
tor. This meant characterizing the outcome of the private decision problems
conditional on the public policy and the environmental damage. Here, we
combine the outcome of private optimization with different assumptions
about the behavior of the national governments in order to derive cost–
benefit rules for policy reforms that are associated with the use of abate-
ment.

3.1. A General Cost---Benefit Rule

A cost–benefit rule for environmental policy cooperation is dependent on
how each national government behaves prior to the reform. To begin with,
we shall not assume that each national government has made an optimal
policy choice prior to the reform; only that each national government fulfills
its budget constraint. This means that the cost–benefit rule considered here
is general in the sense that it applies to any preexisting level of each policy
instrument, as long as (7) and (8) apply.

By using the first-order conditions for the consumer and the firm in each
country, the wage equation, the vector x = (x1, x2) and xi = ρi(gi, αi) for
i = 1, 2, we can solve for l1, w1, g1, N1, l2, w2, and g2 as functions of τ1, τ2, t1,
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t2, b1, α1, and α2:

li = l̂i(τ1, t1, τ2, t2, b1, α1, α2),

wi = ŵi(τ1, t1, τ2, t2, b1, α1, α2),

gi = ĝi(τ1, t1, τ2, t2, b1, α1, α2),

N1 = N̂1(τ1, t1, τ2, t2, b1, α1, α2).

Here, we shall assume that the energy tax in each country is adjusted as a re-
sponse to the policy reform in order to balance the budget of the government.
By substituting the behavioral equations above into the budget constraints of
the national governments, we can solve for t1 and t2 as functions of the other
policy variables. Then, by substituting back into the behavioral equations,
we obtain

li = li(τ1, τ2, b1, α1, α2),

wi = wi(τ1, τ2, b1, α1, α2),

gi = gi(τ1, τ2, b1, α1, α2), (13)

N1 = N1(τ1, τ2, b1, α1, α2)

for i = 1, 2, in which we have used that t1 and t2 are endogenous. Finally, by
using (1) and (13), we can solve for x1 and x2, respectively, as functions of τ1,
τ2, b1, α1, and α2.

In previous studies on optimal taxation and provision of public goods
under imperfect competition in the labor market, such as Fuest and Huber
(1997) and Aronsson and Sjögren (2004), a utilitarian social welfare function
(or an extension thereof) is used. We will follow this approach by assuming
that each national government faces a utilitarian social welfare function. The
social welfare function of country 1 is written

W1 = N1ue
1 + (

M1 − N1
)
uu

1, (14)

and the corresponding social welfare function for country 2 is given by

W2 = M2ue
2. (15)

In this framework, it is natural to assume that also cooperation is governed
by a utilitarian welfare function

W = W1 + W2, (16)

meaning that the cost–benefit rule we are looking for can be written as

dW = ∂W
∂α1

dα1 + ∂W
∂α2

dα2. (17)

Let us begin by considering the derivative of (16) with respect to α1.
Differentiating (9), (10), and (16) with respect to α1, while using the private
budget constraints and the equations (13), we obtain
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Proposition 1 Within the given framework, the cost benefit rule for α1 can be

written as

∂W
∂α1

=
2∑

i=1

[
N1

∂ue
1

∂xi
+ (

M1 − N1
) ∂uu

1

∂xi
+ M2

∂ue
2

∂xi

]
∂xi

∂α1
− ∂ue

1

∂ce
1

+ ∂ue
1

∂ce
1

[
τ1w1N1

∂l1

∂α1
+ t1

∂g1

∂α1

]
+ ∂ue

2

∂ce
2

[
τ2w2M2

∂l2

∂α1
+ t2

∂g2

∂α1

]

+ ∂N1

∂α1

[(
ue

1 − uu
1

) + ∂ue
1

∂ce
1

(
w1l1τ1 + b1

)]
.

Proof. See the appendix.

Proposition 1 decomposes the welfare effect of an increase in α1 into
three parts, each of which is represented by one of the lines in the formula.
To begin with, consider the sum in the first line. If this sum is positive,
it is interpretable in terms of the direct marginal benefit of reducing the
environmental damage, which is measured by the sum of the marginal utilities
of environmental damage times the change in the environmental damage
following the increase in α1. Note that, although an increase in α1 is likely
to reduce x1 (both directly, and indirectly via the higher energy tax), the
influence of α1 on x2 is nevertheless ambiguous. As a consequence, without
additional assumptions, we cannot rule out that an increase in α1 leads to
more environmental damage measured in terms of the joint influence on
x1 and x2, though that outcome seems unlikely. The second part of the first
line, ∂ue

1/∂ce
1, reflects the direct marginal cost associated with the additional

resources spent on abatement in country 1. Note that goods are measured in
such a way that increased abatement expenditures reduce the expenditures
on private consumption by the same amount for a given output. This explains
why the direct marginal cost of abatement is measured by the marginal utility
of consumption10. In the absence of distortions other than environmental
damage, the first line would represent the full cost–benefit rule for α1.

The welfare effects via the preexisting tax system, measured conditional
on the number of employed persons, are represented by the second line. The
preexisting tax distortions influence welfare, because an increase (a decrease)
in the tax base makes it less (more) costly to finance public expenditures.
To be more specific, the preexisting taxes on labor income and energy affect
the cost–benefit rule for abatement via the effects of α1 on work hours and
energy use, respectively, and an increase in the expenditures on abatement

10 Since unemployment gives rise to heterogeneity, employed and unemployed individuals
differ with respect to the marginal utility of consumption. Alternatively, we could have
written the cost–benefit rule so that the direct marginal cost of abatement is interpretable
in terms of the marginal utility of consumption of the unemployed.
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may either increase or decrease the preexisting tax distortions. Note also
that, since the utility functions are not necessarily separable in environmental
damage, it follows that both x1 and x2 generally affect the private decision
variables in both countries. This means, in turn, that α1 does not only affect
the private decision variables in country 1; it also affects the private decision
variables in country 2.

The third line measures the welfare effect of an increase in the number
of employed persons in country 1. Higher employment increases welfare for
two reasons: (1) there is a private utility gain of being employed instead
of unemployed (provided that ue

1 > uu
1), and (2) the tax revenues net of

transfer payments increase, implying that it becomes less costly to finance
public consumption. Therefore, if the number of employed persons increases
(decreases) in response to higher abatement spending, there is an additional
welfare gain (loss) associated with policy coordination for the unionized
economy.

Note finally that the only differences to this rule, had we increased the
level of abatement in country 2 instead of in country 1, would refer to the
direct marginal cost of abatement, i.e., that ∂ue

1/∂ce
1 must be replaced by

∂ue
2/∂ce

2, and to the fact that α1 must be replaced by α2. This means that the
cost–benefit rule for α2 takes the same general form, and is interpretable in
the same general way, as the cost–benefit rule for α1 above, implying that
there is no need to derive the cost–benefit rule for α2 in order to be able to
interpret the results.

3.2. Noncooperative Nash Game

So far, we have made no assumptions about how each national government
has chosen its policy prior to cooperation. This means that the cost–benefit
rule analyzed in the previous subsection is valid for any preexisting policy,
provided that the national governments fulfill their budget constraints. How-
ever, as we mentioned in the introduction, previous studies on international
environmental policy often assume that the alternative to cooperation is
a noncooperative Nash equilibrium. It is therefore interesting to examine
the implications of policy coordination in the context of the noncooperative
Nash equilibrium. In addition, this prereform equilibrium concept is intu-
itively reasonable in that it presupposes that each national government (and
not just the private sector) has made an optimal policy choice (from its own
perspective) prior to policy cooperation, and that no individual country is
strong enough to act as a first mover. To some extent, this may represent the
environmental policy cooperation within the European Union (provided,
of course, that the national governments behave as if they solve domestic
optimal tax and expenditure problems prior to such cooperation).
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Therefore, suppose that each national government (prior to policy co-
operation) chooses its policy variables in an optimal way by maximizing its
own objective function subject to its resource constraint, while treating the
private and public decision variables of the other country as exogenous. For
country 1, we can use the first-order conditions for the private sector together
with x1 = ρ1(g1, α1) to define

l1 = l1(τ1, t1, b1, α1, x2), (18)

w1 = w1(τ1, t1, b1, α1, x2), (19)

N1 = N1(τ1, t1, b1, α1, x2), (20)

g1 = g1(τ1, t1, b1, α1, x2). (21)

By using (18)–(21) together with the private budget constraints, i.e., ce
1 =

w1l1(1 − τ1) and cu
1 = b1, and the function that generates the environmental

damage, x1 = ρ1(g1, α1), the prereform policy problem of country 1 will be
to choose τ1, t1, b1, and α1 to maximize

£1 = N1u
(
ce

1, z1, x
) + [M1 − N1]u

(
cu

1, T, x
)

+ μ1
[
f (N1l1, g1) − N1ce

1 − (M1 − N1)cu
1 − α1

]
(22)

while at the same time treating x2 as exogenous. In (22), μ1 is the Lagrange
multiplier associated with the resource constraint. This procedure gives the
optimal policy for country 1 as τ∗

1 = τ1(x2), t∗1 = t1(x2), b∗
1 = b1(x2), and α∗

1 =
α1(x2), where the asterisk indicates that the national government has made
an optimal choice conditional on the private and public decision variables of
the other country.

Similarly, using the first-order conditions for the private sector in country 2
together with x2 = ρ2(g2, α2), we have

l2 = l2(τ2, t2, α2, x1), (23)

w2 = w2(τ2, t2, α2, x1), (24)

g2 = g2(τ2, t2, α2, x1). (25)

By using (23)–(25) together with the private budget constraint, i.e., ce
2 =

w2l2(1 − τ2), and the function that generates the environmental damage,
x2 = ρ2(g2, α2), the prereform policy problem of country 2 will be to choose
τ2, t2, and α2 to maximize

£2 = M2u
(
ce

2, z2, x
) + μ2

[
f (M2l2, g2) − M2ce

2 − α2
]

(26)

while at the same time treating x1 as exogenous. The optimal policy for
country 2 becomes τ∗

2 = τ2(x1), t∗2 = t2(x1), and α∗
2 = α2(x1).

A Nash equilibrium is defined such that τ∗
1 , t∗1 , b∗

1, and α∗
1 represent the

optimal fiscal policy choice of country 1 conditional on the assumption that
τ∗

2, t∗2 , and α∗
2 have been chosen by country 2 and vice versa. We assume here
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that the countries have reached this Nash equilibrium prior to any agreement
on policy coordination.

Now, suppose that the countries agree to slightly increase their expend-
itures on abatement. More specifically, the abatement expenditures in coun-
try 1 are increased to α∗

1 + α1 and the abatement expenditures in country 2
to α∗

2 + α2, where α1 and α2 are small positive constants. As before, t1 and t2

are assumed to be adjusted in order to balance the budget constraints facing
the national governments, whereas τ1, τ2, and b1 are given by their prereform
values. We may reformulate the energy tax functions to read t∗1 = t1(x2, α1)
and t∗2 = t2(x1,α2), where the prereform resource allocation means that α1 = 0
and α2 = 0. Then, by using (21) and (25) together with x1 = ρ1(g1, α1) and
x2 = ρ2(g2, α2), we can write x1 and x2 as functions of τ1, t1, b1, α1, τ2, t2, and
α2:

x1 = φ1(τ∗
1, t∗1, b∗

1, α∗
1 + α1, τ∗

2, t∗2, α∗
2 + α2), (27)

x2 = φ2(τ∗
1, t∗1, b∗

1, α∗
1 + α1, τ∗

2, t∗2, α∗
2 + α2). (28)

The effects of changes in α1 and α2 on x1 and x2 can then be derived by using
(27) and (28).

An important difference between the analysis to be carried out here and
that of the previous subsection is that we here assume that each country
has already made an optimal policy choice at the national level. As a conse-
quence, some of the welfare effects that would otherwise arise from a policy
reform will vanish as a consequence of optimization. To be able to address
the welfare effects of policy coordination in a simple way, let us substitute
the Nash equilibrium values of the policy variables into the Lagrangians,
while using that W1 = £1 and W2 = £2 in the noncooperative Nash equilib-
rium. Since the noncooperative Nash equilibrium means that ∂£1/∂α1 = 0
and ∂£1/∂t1 = 0 conditional on x2, and ∂£2/∂α2 = 0 and ∂£2/∂t2 = 0 condi-
tional on x1, whereas τ1, b1, and τ2 are not affected by the reform (which we
assumed above), it follows that

∂£1

∂α1
= ∂£1

∂x2

∂x2

∂α1
, (29)

∂£2

∂α1
= ∂£2

∂x1

∂x1

∂α1
. (30)

Similarly, the effects of α2 are given by

∂£1

∂α2
= ∂£1

∂x2

∂x2

∂α2
, (31)

∂£2

∂α2
= ∂£2

∂x1

∂x1

∂α2
, (32)

where the derivatives of x1 and x2 with respect to α1 and α2, respectively, can
be derived by using (27) and (28).
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The cost–benefit rule is derived by differentiating the social welfare func-
tion in equation (16) with respect to α1 and α2, respectively, and evaluat-
ing the resulting derivatives at the noncooperative Nash equilibrium where
α1 = 0 and α2 = 0. By combining (29), (30), (31), and (32), we have derived
the following general result:

Proposition 2 If the prereform equilibrium is represented by the noncooperative

Nash equilibrium, the cost---benefit rule for policy cooperation is given by

dW =
[

∂£1

∂x2

∂x2

∂α1
+ ∂£2

∂x1

∂x1

∂α1

]
dα1 +

[
∂£1

∂x2

∂x2

∂α2
+ ∂£2

∂x1

∂x1

∂α2

]
dα2.

To provide an interpretation of proposition 2, note first that α1 and α2

only affect country 1 via x2 and country 2 via x1. As we mentioned above,
the reason is that the domestic welfare effects of abatement are internalized
in the noncooperative Nash equilibrium. The transboundary parts of the ex-
ternal effects, on the other hand, are not internalized, implying that a policy
reform at the global level affects welfare via the spillover effects of environ-
mental damage. To see this more clearly, note that the derivatives ∂£1/∂x2

and ∂£2/∂x1, which are evaluated at the noncooperative Nash equilibrium,
can be written as

∂£1

∂x2
= ∂N1

∂x2

[
ue

1 − uu
1

] + N1

[
∂ue

1

∂ce
1

∂w1

∂x2
l1(1 − τ1) + ∂ue

1

∂x2

]

+ [M1 − N1]∂uu
1

∂x2

+ μ1

[
w1

(
∂N1

∂x2
l1 + N1

∂l1

∂x2

)
+ fg

∂g1

∂x2
− ∂N1

∂x2

(
ce

1 − cu
1

) − N1
∂ce

1

∂x2

]
,

(33)

∂£2

∂x1
= M2

[
∂ue

2

∂ce
2

∂w2

∂x1
l2(1 − τ2) + ∂ue

2

∂x1

]

+ μ2

[
w2M2

∂l2

∂x1
+ fg

∂g2

∂x1
− M2

∂ce
2

∂x1

]
, (34)

in which we have used the private budget constraints and the first-order
conditions for the hours of work. Equations (33) and (34) imply that x2 (x1)
affects £1 (£2) via two channels: (1) a direct utility effect of the change in
the environmental damage and (2) indirect effects via the private decision
variables. The latter effects follow because we have not made any assump-
tions about separability in the utility function. Note also that x2 affects the
Lagrangian of country 1 in a different way from that in which x1 affects
the Lagrangian of country 2, since the two countries differ with respect to
competition in the labor market.

The welfare effect of policy cooperation measured by proposition 2 can,
in general, go in either direction. One reason is that (33) and (34) may be
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either positive or negative, since the indirect effects of the environmental
damage on the private decision variables depend on the properties of the
utility and production functions. In addition, although ∂x1/∂α1 and ∂x2/∂α2

are likely to be negative, we cannot determine the signs of the derivatives
∂x2/∂α1 and ∂x1/∂α2.

Although we are not able to determine whether the policy reform leads
to higher or lower welfare in general, the basic message of proposition 2 is,
nevertheless, of practical relevance for welfare measurement; it shows that
all welfare effects of the reform are associated with transboundary spillover
effects of environmental damage. This result is due to the assumption that
each national government has made an optimal policy choice on a national
basis prior to the reform. By comparison with the analysis in subsection 3.1,
the main contribution here is that we are able to relate the welfare change
measure to precise assumptions about the prereform resource allocation – an
issue to be further discussed in subsection 3.3. To the extent that real-world
market economies act as if they are Nash competitors to one another (which
is an empirical question), proposition 2 also gives guidance for practical
policy design by showing what information to look for.

The following result is a direct consequence of proposition 2:

Corollary 1 If the utility function takes the form ui = ũ(ci,zi) + ψ1i(x1) + ψ2i(x2), the

cost---benefit rule for policy cooperation in proposition 2 reduces to

dW = M2
∂ue

2

∂x1

∂x1

∂α1
dα1 +

[
N1

∂ue
1

∂x2
+ (M1 − N1)

∂uu
1

∂x2

]
∂x2

∂α2
dα2,

implying that

dW > 0 if
∂x1

∂α1
< 0 and

∂x2

∂α2
< 0.

Corollary 1 implies that an agreement to slightly increase the expenditures
on abatement influences country 1 via the direct effects of x2 on ue

1 and uu
1 and

influences country 2 via the direct effect of x1 on ue
2. The other welfare effects

discussed in the context of proposition 2 vanish because the private decision
variables no longer directly depend on the environmental damage, and be-
cause ∂x1/∂α2 = ∂x2/∂α1 = 0. This means that the cost–benefit rule takes the
same general form as it would have taken in the absence of distortionary
taxes and imperfect competition in the labor market: neither preexisting
taxes nor employment effects are present in the formula in corollary 111.

11 A result similar to corollary 1 (although with a focus on policy coordination with respect
to emission taxation) was derived by Aronsson and Löfgren (2000) in a framework with-
out any distortions other than transboundary external effects from environmental dam-
age.
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3.3. Stackelberg Game

The rationale for studying policy coordination in the context of a Stackelberg
game is, of course, that countries may differ considerably with regard to size
and strength. For instance, consider a situation where a large country faces
many small countries. In this case, the large country is more likely to be able
to commit to its policies than any of the smaller countries, indicating that it
is reasonable to treat the large country as the first mover. As such, the large
country recognizes the reaction functions for the smaller countries and uses
them in the context of its own optimization problem. Although it is unclear
to what extent large countries actually act as if they are first movers, it may
not be unreasonable to argue that the U.S. might have the ability to act as a
first mover vis-à-vis some of its neighboring countries.

To simplify the analysis, with little loss of generality, we continue to con-
centrate on the two-country model12. We assume, to begin with, that the
competitive economy, prior to any policy cooperation, acts as a leader in
the sense of recognizing how the unionized economy reacts to its policy,
whereas the unionized economy is follower. The latter means that the union-
ized economy acts as a Nash competitor in the same way as in the previous
subsection. Now, the competitive economy recognizes the reaction functions,
τ∗

1 = τ1(x2), t∗1 = t1(x2), b∗
1 = b1(x2), and α∗

1 = α1(x2), and incorporates them
into its optimization problem. By using these reaction functions together
with x1 = ρ1(g1, α1) and x2 = ρ2(g2, α2), we can solve for x1 as a function of
τ2, t2, α2, and α1, i.e.,

x1 = x̌1(τ2, t2, α2 + α2, α1).

Equations (23)–(25) can then be rewritten as follows:

l2 = l2
(
τ2, t2, α2 + α2, x̌1(τ2, t2, α2 + α2, α1)

)
, (35)

w2 = w2
(
τ2, t2, α2 + α2, x̌1(τ2, t2, α2 + α2, α1)

)
, (36)

g2 = g2
(
τ2, t2, α2 + α2, x̌1(τ2, t2, α2 + α2, α1)

)
, (37)

where α1 = 0 and α2 = 0 prior to the policy reform. The optimization problem
facing the competitive economy prior to policy cooperation will be to choose
τ2, t2 and α2 to maximize

£2 = M2ue
2 + μ2

[
f (M2l2, g2) − M2ce

2 − α2
]

(38)

subject to (35)–(37) and ce
2 = w2l2(1 − τ2). The outcome of this policy problem

is denoted τ∗∗
2 , t∗∗

2 , and α∗∗
2 .

12 As pointed out to us by one of the referees, one way of justifying the Stackelberg game in
this setting is to interpret the leader as being a large country that faces many small coun-
tries described as followers. Then, by normalizing the number of small countries to one,
we obtain the framework discussed in this subsection.
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Suppose that the economy has reached the equilibrium in the Stackelberg
game, and consider the same policy reform as we carried out in the previous
subsection. Note also that, since the competitive economy uses t2 to balance
its budget, it follows that the effect of α1 on x1 takes the form

∂x1

∂α1
= ∂x̌1

∂α1
+ ∂x̌1

∂t2

∂t2

∂α1

from the point of view of the competitive economy. All calculations for the
unionized economy (the follower) are the same as in the previous subsection.
Consider the following proposition:

Proposition 3 If the prereform equilibrium is represented by the outcome of

a Stackelberg game where the competitive economy is leader and the unionized

economy follower, the cost---benefit rule for policy cooperation is given by

dW =
[

∂£1

∂x2

∂x2

∂α1
+ ∂£2

∂x1

∂x1

∂α1

]
dα1 + ∂£1

∂x2

∂x2

∂α2
dα2.

In proposition 3, the derivatives ∂£1/∂x2 and ∂£2/∂x1 are given by (33)
and (34). A comparison between propositions 2 and 3 implies that one of
the derivatives that were present in proposition 2, ∂£2/∂α2, is not part of the
formula in proposition 3. The reason is, of course, that the Stackelberg leader
has already internalized the effect of α2 on x1, meaning that ∂£2/∂α2 = 0.
The contribution to the cost–benefit rule by the leader only arises because α2

affects the welfare of the follower. In other words, the part of the agreement
that refers to actions undertaken by the leader does not give rise to any
“domestic” welfare effects for the leader. Thus, if the environmental damage
generated by the follower only has a minor effect on the welfare of the leader,
then the leader may not have much to gain from policy cooperation. One
possible interpretation is that, if the national government is able to commit
to its policies, it might be more reluctant to participate in international
environmental policy agreements than it would otherwise have been.

Clearly, the assumption that the competitive economy acts as leader is
arbitrary. By performing analyses similar to those described above, one can
show that the cost–benefit rule corresponding to the situation where the
unionized economy is leader and the competitive economy follower will be
symmetric to the one discussed in proposition 3:

dW = ∂£2

∂x1

∂x1

∂α1
dα1 +

[
∂£1

∂x2

∂x2

∂α2
+ ∂£2

∂x1

∂x1

∂α2

]
dα2.

Therefore, this change of assumption does not affect the basic insight be-
hind proposition 3: the part of the agreement that refers to the behavior of
the leader affects the global welfare only via the objective function of the
follower.
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4. Discussion

This paper concerns transboundary environmental problems in a frame-
work with preexisting tax distortions and imperfect competition in the labor
market, and the analysis is based on a general-equilibrium model of a two-
country economy. The contribution is to characterize the cost–benefit rule
associated with environmental policy cooperation. Thus, the paper provides
an understanding of the mechanisms that determine the welfare effects of
such agreements.

We would like to emphasize two broad observations and their policy im-
plications. First, the part of the welfare effect of the policy reform that is asso-
ciated with imperfect competition in the labor market depends on whether
the number of employed persons increases or decreases in the unionized
economy. This means, in turn, that the incentives to participate in this type
of agreement for a country with imperfect competition in the labor market
may either be stronger or be weaker than those of a perfectly competitive
economy. In addition, note that the public policies in both countries will,
in general, affect the number of employed persons in the economy with
a unionized labor market, implying that the effects of policy coordination on
the employment in the unionized economy also depend on the preferences
and technology in the competitive economy.

Second, we show how the characteristics of the prereform equilibrium
may be of considerable importance for the national and global welfare ef-
fects of the reform. Although interesting in itself, this also has the practi-
cal implication that characteristics of the prereform equilibrium, to a large
extent, may determine the incentives, or the strength of the incentives,
facing individual countries in their choices of whether or not to partic-
ipate in international agreements. If each country has made an optimal
choice of policy on a national basis prior to policy cooperation, then all
welfare effects of cooperation are associated with the transboundary part
of the external effect, which is the only aspect of environmental damage
that is not internalized at the national level. The results also show that,
if the prereform equilibrium is represented by the outcome of a Stack-
elberg game, the part of the agreement that refers to actions taken by
the follower will affect the welfare of both the leader and the follower,
whereas the part of the agreement that refers to actions taken by the leader
only influences the welfare of the follower. If the environmental damage
generated by the follower is not of major importance for the welfare of
the leader, then this may imply that the leader is more reluctant to en-
gage in international policy cooperation than the follower, since most wel-
fare effects of such cooperation have already become internalized by the
leader.
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5. Appendix

Differentiating the social welfare function in (16) with respect to α1, we
obtain (if τ1, τ2, b1, and α2 remain constant)

∂W
∂α1

= ∂N1

∂α1

[
ue

1 − uu
1

] + N1

[
∂ue

1

∂ce
1

∂ce
1

∂α1
− ∂ue

1

∂z1

∂l1

∂α1
+ ∂ue

1

∂x1

∂x1

∂α1
+ ∂ue

1

∂x2

∂x2

∂α1

]

+ [M1 − N1]
(

∂uu
1

∂x1

∂x1

∂α1
+ ∂uu

1

∂x2

∂x2

∂α1

)

+ M2

[
∂ue

2

∂ce
2

∂ce
2

∂α1
− ∂ue

2

∂z2

∂l2

∂α1
+ ∂ue

2

∂x2

∂x1

∂α1
+ ∂ue

2

∂x2

∂x2

∂α1

]
. (39)

Differentiating the resource constraints given by (9) and (10) with respect to
α1 gives, if τ1, τ2, b1, and α2 are held constant,

w1

[
∂N1

∂α1
l1 + N1

∂l1

∂α1

]
+ t1

∂g1

∂α1
− ∂N1

∂α1

[
ce

1 − cu
1

] − N1
∂ce

1

∂α1
− 1 = 0, (40)

w2M2
∂l2

∂α1
+ t2

∂g2

∂α1
− M2

∂ce
2

∂α1
= 0. (41)

Finally, by solving (40) and (41) for ∂ce
1/∂α1, and ∂ce

2/∂α1, respectively,
substituting into equation (39), using the private budget constraints, and
rearranging, we obtain the cost–benefit rule in proposition 1.

References

Aronsson, T. (1999), On Cost Benefit Rules for Green Taxes, Environmental and
Resource Economics 13, 31–43.

Aronsson, T., and Blomquist, S. (2003), Optimal Taxation, Global Externalities and Labor
Mobility, Journal of Public Economics 87, 2749–2764
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This paper deals with environmental policy in an economic federation, where each na-
tional (lower level) government faces a mixed tax problem. We assume that the federal
government sets emission targets, which are implemented at the national level. We also
assume that the economic federation is decentralized, meaning that the national gov-
ernments are first movers vis-à-vis the federal government. Our results show that each
country uses its policy instruments, at least in part, to influence the emission target. This
has several implications: first, the commodity taxes do not satisfy the so-called additivity
property often emphasized in earlier literature, and, second, it provides an argument
for using distortionary labor income taxation.
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1. Introduction

A considerable amount of research effort has been put into studying so-
called transboundary environmental problems. Transboundary environmen-
tal damage means that the emissions generated by each country do not only
affect the welfare of the domestic residents; they also affect the welfare of
residents in other jurisdictions. To deal with such resource allocation prob-
lems, some kind of cooperation is generally required. This is so because,
in the absence of cooperation, part of the external effects of environmen-
tal damage may remain uninternalized, since country-specific objectives can
be expected to govern the policies decided upon by national governments.
Clearly, the ideas behind policy cooperation have gained much attention also
among policy-makers: an indication is the existence of several international
arrangements ranging from voluntary agreements between politically inde-
pendent countries, such as the Kyoto protocol, to arrangements within given
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institutional structures, such as the environmental policy cooperation within
the European Union (EU).

This paper analyzes environmental policy as part of an optimal-tax prob-
lem facing the member states of an economic federation, which will be de-
signed to reflect some of the characteristics of environmental policy cooper-
ation within the EU. There are (at least) three interesting features that we
would like to address.

First, the federal level – to be called the federal government in what follows
– is weak relative to the lower-level (national) governments,1 at least in
comparison with other economic federations such as the U.S. This is so
because the EU is still in the process of being developed, and the member
states may already have made commitments to policies based on their own
objectives.2 We will interpret this characteristic to mean that the national
governments act as first movers vis-à-vis the federal government.

Second, the federal government typically decides upon environmental
targets for the member countries, which are implemented at the national
level.3 For instance, the EU decides upon targets with regard to different
types of water and air pollutants,4 which are to be implemented at the national
level. In addition, although the rules governing these targets may be the same
for all countries involved, differences in the production structure or other
characteristics may, nevertheless, imply that the effective targets differ across
countries. Similarly, the Burden-Sharing Agreement within the EU,5 which
refers to the distribution of the CO2 reduction target for Europe, was decided
upon at the federal (EU) level, and the resulting national emission targets
will be implemented by policies decided upon by each national government.

1 Admittedly, without a proper constitution, European federalism is still in its infancy, and
the decision process may, at least to some extent, resemble negotiations between polit-
ically independent countries. In the political-science and political-geography literature,
the decision-making structure of the EU has been described as “multi-level governance”
based on a state-centered setting. Jones and Clark (2001, p. 2) argue that “from this per-
spective, national governments are the main channels of communication between the
EU member states, thereby controlling the overall direction and pace of EU decision-
making.”

2 In the EU, the Commission may be thought of as representing “the federal level.” The
political power of the Commission stems from its right to initiate legislation. However, in
order to become EU law, its proposals must pass the Council of Ministers with a qualified
majority in the case of environmental regulations. In the Council of Ministers, each mem-
ber acts on behalf of his/her national government. Therefore, given this decision struc-
ture, commitments at the national level are likely to affect the policies decided upon by
the EU.

3 See Jordan (2005) for a survey of environmental policy-making within the EU.
4 See, e.g., the Commission of The European Communities (2004).
5 Details concerning the Burden-Sharing Agreement can be found in the Commission of

the European Communities (2000). See also Marklund and Samakovlis (2003) for an em-
pirical analysis of the incentives underlying the agreement.
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Third, if the lower level of government is described as being the first
mover, it follows that the lower-level governments may, in part, use their
policy instruments in order to influence the emission targets.

Each of these characteristics is part of the model described below. The
main purpose of our paper is to understand what these characteristics imply
in the context of optimal taxation at the national level.

Earlier research on environmental policy in economies with transbound-
ary environmental problems deals with the formation of coalitions as well as
the use of policy instruments to reach common objectives in such coalitions.
One body of literature deals primarily with game-theoretic aspects of policy
cooperation, in which the incentives underlying the establishment of coali-
tions are addressed.6 Earlier studies in this area do not pay so much attention
to the question of how to implement a cooperative (or other) arrangement
via economic policy in the context of decentralized economies. Another
body of literature deals explicitly with the implementation of such arrange-
ments by applying theories of optimal taxation or theories of policy reforms
in the context of multi-country model economies.7 However, although we
have gained much insight from earlier research, it has not (in our view) paid
sufficient attention to the institutional structure. The welfare effects of pub-
lic policies, as well as attempts to coordinate policies between jurisdictions,
cannot be thoroughly analyzed, if one does not consider the institutional
structure in which this policy will be carried out. Earlier research often im-
plies comparisons between a noncooperative equilibrium and a cooperative
equilibrium in terms of economic policy. None of these two extreme cases
provides a realistic description of the decision structure underlying many
practical environmental policy problems, where the outcome often reflects
a mixture of national and international policies.

To our knowledge, there are very few earlier studies dealing with environ-
mental policies in the context of a decentralized economic federation with
spillover effects (across lower-level jurisdictions) of environmental damage.
Silva and Caplan (1997) and Caplan and Silva (1999) analyze different kinds
of transboundary environmental problems and associated policies to solve
them. These authors consider federal decision structures, involving a federal
government and lower-level (e.g., national or regional) governments; the fed-
eral government is assumed to control one specific policy instrument (e.g.,

6 See, e.g., Mäler (1989), Barrett (1994), and Carraro (2003).
7 See, e.g., van der Ploeg and de Zeeuw (1992), Aronsson and Löfgren (2000), Aronsson

and Blomquist (2003), and Aronsson et al. (2006a). In the first two studies, the only task
for the government is externality correction. Aronsson and Blomquist combine external-
ity correction with redistribution, whereas Aronsson et al. analyze how the welfare ef-
fects of coordinated environmental policy reforms depend on the characteristics of the
prereform equilibrium.



Thomas Aronsson, Thomas Jonsson, and Tomas Sjögren440

abatement), whereas the lower level of government is assumed to control an-
other (e.g., environmental taxes). In addition, the economic federation may
either be centralized or decentralized, depending on which level is able to
make credible commitments (and the EU is used to exemplify a decentralized
economic federation).8 In their studies, a major purpose seems to be to char-
acterize the environmental policy outcomes on the basis of (i) whether the
economic federation is centralized or decentralized, and (ii) how the control
over policy instruments is distributed between the two levels of government.

Our study differs from the papers discussed in the preceding paragraph in
several ways. First, we do not consider situations where the control of tradi-
tional policy instruments is divided between the two levels of government;
we assume, instead, that the targets decided upon by the federal government
are implemented by policies decided upon by the lower-level governments.
Second, since our paper is related to the literature on optimal nonlinear tax-
ation in economies suffering environmental damage, it also differs from the
earlier studies with respect to tax instruments. In our paper, the economic
federation consists of two lower-level jurisdictions,9 which will be referred
to as countries, and the policy problem facing the government in each such
country is a mixed tax problem, where the set of tax instruments contains
a nonlinear income tax and linear commodity taxes. This is a reasonably
realistic description of the tax structure characterizing many countries. In
addition, it means that the use of distortionary taxation is a consequence
of optimization; it is not a consequence of restrictions imposed on the pol-
icy instruments. We assume that the aggregate consumption of a particular
commodity in each country gives rise to an external effect, which, in turn,
spills over into the other country. Thus, the model bears some resemblance
to the models used in earlier literature on optimal income and commodity
taxation under environmental damage, such as Pirttilä and Tuomala (1997)
and Aronsson and Blomquist (2003), although these earlier studies did not
address the federation structure discussed here.

However, instead of analyzing redistribution as part of the policy package,
as in some of the aforementioned papers, we follow Fuest and Huber (1997)
and Aronsson and Sjögren (2004a, 2004b) in disregarding motives for using
distortionary taxes that apply under perfect competition (such as asymmet-
ric information). Therefore, the presence of market failures constitutes the
only reason for using distortionary taxes in our paper. This does not reflect
a belief that other motives for using distortionary taxes are unimportant;
only that they are well understood from earlier research. Thus, this simplifi-
cation enables us to concentrate on how the decentralized federal decision

8 See also the related work on public goods by Caplan et al. (2000) and on tax competition
by Köthenbürger (2004).

9 Adding additional lower-level jurisdictions does not affect the qualitative results.
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structure contributes to the use of income and commodity taxation at the
national level.10

The outline of the paper is as follows. In section 2, we describe the model
and the outcome of private optimization. The federal decision structure,
dealing with the policy problems facing the federal government and the
lower-level governments, is introduced in section 3. Much attention is paid
to the optimal-tax problems facing the lower-level governments – a focus that
makes it possible to compare our results with those derived in earlier studies
on environmental policy in the context of optimal income and commodity
taxation. Section 4 summarizes the results.

2. The Model

Consider an economic federation comprising two separate jurisdictions, de-
noted by subindices j = 1, 2, each of which will be referred to as a country.
The consumers in each such country are identical, and their number will
be normalized to one for notational convenience. Consumer preferences in
country j are represented by the utility function

uj = aj(cj, xj, zj) + φj
j(Ej) + φk

j (Ek) (1)

for k �= j, where c will be referred to as a clean good and x as a dirty good,
whereas z is leisure. We assume that c and x are normal goods. Leisure
is, in turn, defined as a time endowment, H, less the time spent in market
work, l. The function aj(·) is increasing in each argument and strictly quasi-
concave. In addition, the consumption of the dirty good causes environmental
damage, E, meaning that xj = Ej and xk = Ek. The functions φj

j (·) and φk
j (·)

are decreasing and strictly concave in their arguments. We also assume that
the consumer in country j treats Ej and Ek as exogenous during optimization.

The budget constraint facing the consumer is given by

wjlj − Tj(wjlj) − qj,ccj − qj,xxj = 0 , (2)

where wj is the wage rate and Tj(·) a general income tax, whereas qj,c and qj,x

are the consumer prices. The consumer prices are defined as qj,c = pj,c + tj,c

and qj,x = pj,x + tj,x, where p denotes producer price and t commodity tax.
To simplify the analysis, we follow (much of the) earlier literature on mixed
taxation by assuming that the wage rate and producer prices are fixed.

The optimal-tax problem to be examined in this paper will be defined
in terms of a conditional indirect utility function and conditional demand
functions. Therefore, following Christiansen (1984), it is convenient to solve

10 The mechanisms behind the tax structure discussed in the paper would, of course, also be
present in a more general framework with redistribution under asymmetric information.
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the consumer’s optimization problem in two stages.11 In the first stage, we
maximize the utility conditional on the time spent in market work. This
problem is written

max
cj ,xj

aj(cj, xj, zj) + φj
j(Ej) + φk

j (Ek)

s.t.

bj = qj,ccj + qj,xxj ,

where bj is treated as a fixed income. The solution defines the conditional
demand functions

xj = xj(qj,c, qj,x, bj, zj) , (3)

cj = cj(qj,c, qj,x, bj, zj) (4)

and the conditional indirect utility function

vj = vj(qj,c, qj,x, bj, zj, Ej, Ek) (5)

for j = 1, 2 and k �= j.
In the second stage, the time spent in market work is chosen to maximize

the conditional indirect utility function subject to wjlj − Tj(wjlj) − bj = 0. The
first-order condition is written

∂vj

∂bj
wj[1 − T ′

j (wjlj)] − ∂vj

∂zj
= 0 , (6)

where T ′
j (wjlj) = ∂Tj(wjlj)/∂(wjlj) is the marginal income tax rate. This is the

standard labor-supply condition and needs no further interpretation.

3. A Decentralized Economic Federation

As we mentioned in the introduction, earlier literature dealing with economic
policy in a multi-jurisdictional setting with transboundary environmental
problems typically compares a noncooperative Nash equilibrium with a co-
operative equilibrium (where the resource allocation is decided upon by
a global social planner). What would happen if we were to analyze these two
well-known resource allocations within the model set out above? Although
the noncooperative Nash equilibrium and the cooperative equilibrium differ
with respect to the value the decision-makers attach to the environment (the
noncooperative Nash equilibrium only internalizes the domestically created
external effect, whereas the cooperative equilibrium fully internalizes the ex-
ternal effects on a global level), they would, nevertheless, share at least two

11 The unconditional solution, which corresponds to a simultaneous choice of cj , xj , and lj,
can be derived by substituting the labor supply function derived from equation (6) into
the conditional demand functions in equations (3) and (4).
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important characteristics with regard to the tax structure. First, the commod-
ity tax structure would obey the so-called additivity property. The additivity
property, which is due to Sandmo (1975), means that environmental damage
leads to an additive correction term in the tax formula for the externality-
generating commodity, while it has no direct effect on the tax formulas for
other commodities. Second, the marginal income tax rate would equal zero,
implying that the income tax would be equivalent to a lump-sum tax.

In this section, we will show that none of these characteristics apply in
the context of a decentralized economic federation, where the emission tar-
gets are decided upon by the federal government and implemented at the
national level. We assume that the order of decision-making is such that
the public policies (at both levels of government) are decided upon before
the private agents make their decisions, implying that each level of govern-
ment recognizes (and incorporates into its decision problem) how the private
sector responds to its policy decisions. In addition, as indicated above, we
assume that the national governments are first movers vis-à-vis the federal
government. The federal government behaves as a traditional follower in
the context of the public-policy game with one important exception: to be
able to define a target reaction function that is consistent with the first-order
conditions of the private sector, we assume that the federal government sets
the emission targets as if it expects the implementation to be carried out via
the commodity tax on the dirty good. This will be explained below.

3.1. The Federal Government

We assume that the objective function of the federal government is the sum
of the two country-specific objectives

u =
∑

j

uj . (7)

The constraints12 facing the federal government are the behavioral equa-
tions of the private sector in each country, which can be summarized by the
following equations:

−∂uj

∂cj

qj,x

qj,c
+ ∂uj

∂xj
= 0 , (8)

qj,ccj + qj,xxj − bj = 0 , (9)

together with the restriction

Ej − xj = 0 , (10)

12 In a more general framework, the federal government may also redistribute resources be-
tween the countries. We abstract from redistributive policies carried out by the federal
government.
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for j = 1, 2. Equation (8) represents the first-order condition for the com-
modity mix chosen by the consumer in each country, equation (9) is the
private budget constraint, and equation (10) relates the environmental dam-
age to the consumption of the dirty good.

Note that, since the federal government is assumed to choose Ej while
at the same time recognizing equation (10), we cannot use equations (8)
and (9) to solve for cj and xj as functions of qj,c, qj,x, bj, and zj (as we
would normally do when analyzing consumer behavior). Therefore, to be
able to formulate the federal government’s optimization problem, we must
make an additional assumption about the trade-offs at the federal level.
We assume that the federal government expects each emission target to
be implemented via the commodity tax on the externality-generating good;
thus, the federal government presupposes that a lower xj must imply an
increase in qj,x along the demand curve for the dirty good.13 We can then
use equations (8) and (9) to solve for qj,x and cj as functions of qj,c, xj,
bj, and zj, i.e., qj,x = q̌j(qj,c, xj, bj, zj) and cj = čj(qj,c, xj, bj, zj). By using equa-
tion (10) to replace xj by Ej, the objective function of the federal government
is written as

max
E1,E2

2∑
j=1

[
aj

(
bj − q̌j(qj,c, Ej, bj, zj)Ej

qj,c
, Ej, zj

)
+ φj

j (Ej) + φk
j (Ek)

]

for k = 1, 2 and k �= j. Using the first-order conditions, we can derive the
reaction functions

Ěj = ρj(qj,c, bj, zj) (11)

for j = 1,2, which define the targets for the environmental damage as a func-
tion of (some of) the national decision variables. Note also that, since E1 and
E2 are additively separable in terms of the utility functions, the reaction
function facing country j will only depend on its own decision variables; not
the decision variables of the other country.14

13 Technically, this assumption means that qj,x becomes endogenous from the perspective of
the federal government, even if the federal government behaves as a follower in other re-
spects. This additional assumption ensures that the behavior of the federal government is
consistent with the private first-order conditions. It also appears to be realistic from the
perspective of the EU. Although implementation is typically a national decision problem,
as indicated above, the Commission seems to support the use of market-based environ-
mental policy instruments; see, e.g., Communication from the Commission (1997). In the
context of our model, this is interpreted to mean that the federal government expects that
the implementation will be carried out via the commodity tax on the dirty good instead of
via the commodity tax on the clean good or the income tax.

14 In a background working paper, Aronsson et al. (2006b), we also briefly discuss the situ-
ation, where E1 and E2 are nonseparable from each other (although still separable from
the other goods) in terms of the utility function.
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3.2. Tax Policy at the National Level

We assume that the national governments behave as Nash competitors to-
wards each other, meaning that each national government treats the policy
variables of the other country as exogenous. The order of decision-making
in vertical space was indicated above; each national government behaves as
a first mover vis-à-vis the federal government.

By using the conditional demand functions and the conditional indirect
utility function defined in section 2, we can write the optimal-tax problem
facing the government in country j as

max
lj,bj,tj,c,tj,x,Ej

vj(qj,c, qj,x, bj, zj, Ej, Ek)

s.t.

wjlj − bj + tj,ccj(qj,c, qj,x, bj, zj) + tj,xxj(qj,c, qj,x, bj, zj) − ḡj = 0 ,

Ej − xj(qj,c, qj,x, bj, zj) = 0 ,

ρj(qj,c, bj, zj) − Ej ≥ 0

for k �= j, where ḡj represents an exogenous revenue requirement. The first
constraint is the budget constraint, in which we have used Tj(wjlj) = wjlj − bj,
whereas the second refers to the relationship between the environmental
damage generated by country j and the consumption of the dirty good by
its resident. These two constraints take the same general form as in earlier
studies. The third constraint, on the other hand, is specific to the federal
decision structure discussed here. It means that the environmental damage
generated by country j must not exceed the target imposed on country j by
the federal government, and the assumption that the national government
acts as a first mover vis-à-vis the federal government implies, in turn, that it
can affect the target, ρj(·), via some of its policy instruments.

The Lagrangian is written

Lj = vj(·) + γj[wjlj − bj + tj,ccj(·) + tj,xxj(·) − ḡj] + μj[Ej − xj(·)]
+ λj[ρj(·) − Ej] ,

where γj, μj, and λj are Lagrange multipliers, and the functions vj(·), cj(·),
xj(·), and ρj(·) were defined above. If we concentrate on the case with a bind-
ing emission target constraint,15 the first-order conditions become

lj : −∂vj

∂zj
+ γj

(
wj − tj,c

∂cj

∂zj
− tj,x

∂xj

∂zj

)
+ μj

∂xj

∂zj
− λj

∂ρj

∂zj
= 0 , (12)

15 If the emission target constraint does not bind, then the resource allocation will be
equivalent to the noncooperative Nash equilibrium that would follow in the absence of
a federal decision structure.
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bj : ∂vj

∂bj
+ γj

(
−1 + tj,c

∂cj

∂bj
+ tj,x

∂xj

∂bj

)
− μj

∂xj

∂bj
+ λj

∂ρj

∂bj
= 0 , (13)

tj,c : −cj
∂vj

∂bj
+ γj

(
cj + tj,c

∂cj

∂qj,c
+ tj,x

∂xj

∂qj,c

)
− μj

∂xj

∂qj,c
+ λj

∂ρj

∂qj,c
= 0 , (14)

tj,x : −xj
∂vj

∂bj
+ γj

(
tj,c

∂cj

∂qj,x
+ xj + tj,x

∂xj

∂qj,x

)
− μj

∂xj

∂qj,x
= 0 , (15)

Ej : ∂vj

∂Ej
+ μj − λj = 0 , (16)

in which we have used the time constraint, z = H − l, to derive equa-
tion (12), and Roy’s identity to write the first-order conditions for tj,c and tj,x

in the form of equations (14) and (15), respectively. Note also that the form
of equation (16) is due to the assumption that Ej is additively separable in
terms of the utility function. We will now analyze equations (12)–(16) from
the perspective of their implications for the tax structure.

3.3. The Shadow Price of the Environment

As in earlier literature, the shadow price of environmental damage divided by
the shadow price of the government’s budget constraint, μj/γj, is an important
part of the optimal tax structure. This ratio of shadow prices is interpretable
as measuring the value that the government in country j attaches to reduced
domestic environmental damage. Let MWPEj,bj

j = −(∂vj/∂Ej)/(∂vj/∂bj) de-
note the marginal willingness to pay by the resident in country j for a small
reduction in Ej, whereas c̃j and x̃j denote the compensated demand functions.
To derive an expression for μj/γj, we will use equations (13) and (16) along
with the Slutsky-type formulas

∂c̃j

∂Ej
= ∂cj

∂Ej
+ ∂cj

∂bj
MWPEj ,bj

j ,

∂x̃j

∂Ej
= ∂xj

∂Ej
+ ∂xj

∂bj
MWPEj ,bj

j .

Our result is summarized by proposition 1:

Proposition 1 In the context of the decentralized economic federation, the

shadow price of the domestic environmental damage divided by the shadow price

of the government’s budget constraint can be written as

μj

γj
= 1

σj

[
MWPEj,bj

j −
(

tj,c
∂c̃j

∂Ej
+ tj,x

∂x̃j

∂Ej

)
+ λj

γj

(
1 − ∂ρj

∂bj
MWPEj,bj

j

)]
,

where σj = 1 − ∂x̃j/∂Ej.
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The first part of the formula in proposition 1 is the marginal willingness to
pay by the consumer for a reduction of the environmental damage, whereas
the second part represents tax-base effects of environmental damage associ-
ated with the commodity taxes. Note that the tax-base effects are defined in
terms of the compensated demand functions. The reason is that the income
tax is optimally chosen; a change in the revenues from commodity taxation
will, therefore, be complemented by a corresponding change in the income
tax to retain budget balance. These effects are well understood from earlier
research. On the other hand, the third part on the RHS (which is propor-
tional to λj/γj) is novel. This effect is associated with the environmental
target decided upon by the federal government, which is also the reason why
the formula in proposition 1 differs from the corresponding expression de-
rived in the context of a noncooperative Nash equilibrium without a federal
government.16

For purposes of interpretation, let us assume that λj/γj > 0, which appears
to be natural considering that a relaxation of the target (if it is binding)
is likely to increase the welfare level from the perspective of country j.
Then, notice that the third part of the shadow price formula in proposition 1
can be decomposed into two separate effects: a direct effect of Ej on the
target-related constraint facing the national government [which is defined
conditional on the target function, ρj(·)] and an indirect effect on the target
function via one of the decision variables facing the national government.
The direct effect works to increase μj/γj; it means that the national govern-
ment is forced to attach a higher value on the environment than it would
otherwise have done. As we will see below, this effect works to increase the
commodity tax on the dirty good. The indirect effect appears because the
national government is a first mover vis-à-vis the federal government. If an
increase in the private income relaxes (tightens) the target, so ∂ρj/∂bj > 0
(< 0), there is an incentive for the national government to choose a lower
(higher) income tax payment for the consumer than it would otherwise have
done. This is interpretable as an extra cost (benefit) associated with raising
tax revenues, which works to increase (decrease) the marginal cost of public
funds in utility terms. As such, it contributes to decrease (increase) μj/γj.
Therefore, the possibility of influencing the environmental target may have
important implications for the value attached to the environment by the
government.

16 See Aronsson and Blomquist (2003). In their study, μj/γj is also affected by a self-
selection constraint, since they consider redistribution under asymmetric information as
part of the decision problem facing each national government. See also the correspond-
ing optimal-tax problem for a one-country model economy addressed by Pirttilä and Tuo-
mala (1997).
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3.4. Commodity Taxation

The commodity tax structure is defined by equations (14) and (15). Since
we will discuss the role of commodity taxation in the context of an optimal
tax structure, in which the income tax is also optimally chosen, we substi-
tute equation (13) into equations (14) and (15). Then, by using the Slutsky
condition, equations (14) and (15) can be rewritten as⎡

⎢⎢⎢⎣
∂c̃j

∂qj,c

∂x̃j

∂qj,c

∂c̃j

∂qj,x

∂x̃j

∂qj,x

⎤
⎥⎥⎥⎦ ×

[
tj,c

tj,x

]
=

⎡
⎢⎢⎢⎣

μj

γj

∂x̃j

∂qj,c
− λj

γj

(
∂ρj

∂qj,c
+ ∂ρj

∂bj
cj

)

μj

γj

∂x̃j

∂qj,x
− λj

γj

∂ρj

∂bj
xj

⎤
⎥⎥⎥⎦ , (17)

where the determinant of the matrix on the LHS becomes∣∣Hj

∣∣ = ∂c̃j

∂qj,c

∂x̃j

∂qj,x
− ∂c̃j

∂qj,x

∂x̃j

∂qj,c
> 0 .

By applying Cramer’s rule to the equation system (17), we can derive
expressions for the optimal commodity taxes (in an implicit form). Consider
proposition 2:

Proposition 2 In the context of the decentralized economic federation, the com-

modity tax structure is characterized by

tj,c = λj

γj

1∣∣Hj

∣∣
[
− ∂x̃j

∂qj,x

∂ρj

∂qj,c
+ ∂x̃j

∂qj,x

∂ρj

∂bj

(
∂x̃j/∂qj,c

∂x̃j/∂qj,x
xj − cj

)]
,

tj,x = μj

γj
+ λj

γj

1∣∣Hj

∣∣
[

∂c̃j

∂qj,x

∂ρj

∂qj,c
+ ∂c̃j

∂qj,c

∂ρj

∂bj

(
∂c̃j/∂qj,x

∂c̃j/∂qj,c
cj − xj

)]
.

To interpret proposition 2, consider first the special case without a federal
decision structure, meaning that ρj(·) ≡ 0. In this case, we obtain a standard
result: tj,c = 0 and tj,x = μj/γj, which satisfies the additivity property. How-
ever, for our more general model, it is clear that the commodity tax structure
no longer satisfies the additivity property – at least not if we recognize that
the policy instruments are, in part, used to influence the environmental tar-
get decided upon by the federal government. Therefore, although the real
shadow price of environmental damage facing the government, μj/γj, only
appears in the tax formula for the dirty good and has no direct effect on the
tax formula for the clean good, each tax formula also contains expressions
that are proportional to λj/γj. Thus, these terms reflect that the national gov-
ernment uses income and commodity taxation to affect the environmental
target. The basic intuition behind this lack of additivity is that the national
government has fewer policy instruments at its disposal than it has variables
to control.

Since the pure externality part of the tax formula for the dirty good,
μj/γj, is well understood from earlier research, we concentrate the discussion
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on the other components of the tax structure, all of which are due to the
desire to relax the emission target. Furthermore, we assume that λj/γj > 0,
which is in accordance with our earlier discussions. Consider first the formula
for the commodity tax on the clean good, tj,c. The first term within the
bracket reflects the direct effect of tj,c on the environmental target. Since
∂x̃j/∂qj,x < 0, it follows that ∂ρj/∂qj,c > 0 (< 0) provides an incentive for the
government to choose a higher (lower) tj,c than it would otherwise have
done. The intuition is, of course, that this adjustment contributes to relax the
emission target.

The second part of the expression within the bracket in the formula for tj,c,

∂x̃j

∂qj,x

∂ρj

∂bj

(
∂x̃j/∂qj,c

∂x̃j/∂qj,x
xj − cj

)
,

is due to budget-balance arguments: a change in the commodity tax structure
may necessitate an adjustment of the income tax, which, in turn, influences
the emission target. This part is decomposable into two separate effects. One
is a direct budget-balance effect (the terms proportional to cj). If ∂ρj/∂bj > 0
(< 0), then a lower (higher) income tax payment contributes to relax the
emission target. Given the revenue requirement, this constitutes an incen-
tive to adjust the commodity tax structure by increasing (decreasing) tj,c,
ceteris paribus. The other part of the budget-balance effect arises because tj,c

affects x̃j (a compensated cross-price effect); as such, it may either reinforce
or counteract the direct budget-balance effect discussed before. To under-
stand why this information is of importance for the commodity tax structure,
recall that the use of tj,c in this model is due solely to the desire to affect the
emission target; there is no reason to use tj,c in order to directly distort the
consumption of the dirty good. In general, therefore, if ∂x̃j/∂qj,c �= 0, there
would be an incentive to adjust tj,x accordingly, so as to keep x̃j constant. The
direction and strength of this effect are, in turn, dependent upon how the
income tax affects the emission target. Let

dtj,x = −∂x̃j/∂qj,c

∂x̃j/∂qj,x
dtj,c

be the induced change in tj,x that is required to keep x̃j constant as tj,c increases
marginally. Because the goods are substitutes17 in the sense that ∂x̃j/∂qj,c > 0,
we have dtj,x > 0. Then, as can be seen from the formula for the commodity
tax on the clean good, if ∂ρj/∂bj > 0 (< 0), this part of the budget-balance
effect constitutes an incentive for the government to choose a higher (lower)
tax on the clean good than it would otherwise have done. The intuition is
that the reduction of the income tax payment made possible by an induced

17 Recall that we are analyzing a conditional demand system, in which there are only two
goods, cj and xj.
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increase in tj,x relaxes (tightens) the emission target, which the government
wants to accomplish (avoid).

Turning to the tax formula for the dirty good, notice first that the so-called
budget-balance effects – summarized by the second part of the expression
within the bracket – are analogous to, and have the same interpretations
as, the corresponding terms in the tax formula for the clean good, which
were discussed at some length above. Therefore, we concentrate our inter-
pretations to the first term within the bracket. To understand this part of
the tax formula, it is necessary to bear in mind that tj,c directly affects the
emission target, whereas tj,x does not – a result due to the assumptions un-
derlying the optimization problem of the federal government. This explains
the asymmetry between the tax formulas; the tax formula for the clean good
contains a direct effect of qj,c on the emission target, whereas the tax formula
for the dirty good does not (for obvious reasons) contain a corresponding
direct effect of qj,x on the target. To provide some intuition, let us rewrite
the first part of the expression within the bracket in the formula for tj,x

to read

∂c̃j

∂qj,c

∂ρj

∂qj,c

∂c̃j/∂qj,x

∂c̃j/∂qj,c
,

where ∂c̃j/∂qj,c < 0. Then, on observing that the government has no reason
to use tj,x for the explicit purpose of distorting the clean good, it becomes
convenient to define (for ∂c̃j/∂qj,x > 0)

dtj,c = −∂c̃j/∂qj,x

∂c̃j/∂qj,c
dtj,x > 0

to be the increase in tj,c required to keep c̃j constant as tj,x increases marginally.
Therefore, if ∂ρj/∂qj,c > 0 (< 0), there is an incentive for the government
to choose a higher (lower) commodity tax on the dirty good than other-
wise. The reason is, of course, that the government attempts to relax the
emission target via the induced change in the commodity tax for the clean
good.

3.5. Income Taxation

We argued in the beginning of section 3 that, if our framework is used in
the context of traditional models of noncooperative Nash behavior and co-
operative behavior, then the marginal income tax rate will be equal to zero
(recall that we abstract from asymmetric information). As a consequence,
the income tax would be equivalent to a lump-sum tax. However, this re-
sult no longer applies in the decentralized economic federation. Consider
proposition 3:
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Proposition 3 In the decentralized economic federation, the marginal income tax

rate is characterized by

T ′
j (wjlj) = 1

wj

[
tj,c

∂c̃j

∂zj
+

(
tj,x − μj

γj

)
∂x̃j

∂zj
+ λj

γj

(
∂ρj

∂zj
− ∂ρj

∂bj

∂vj/∂zj

∂vj/∂bj

)]
,

where tj,c and tj,x are defined in proposition 2.

Notice first that the tax structure of traditional models appears as a special
case of the more general model analyzed here. This is so because, if tj,c = 0,
tj,x = μj/γj, and ρj(·) ≡ 0, then it must also hold that T ′

j (wjlj) = 0.
Turning to the more general expression for the marginal income tax rate

in proposition 3, recall from the commodity tax formulas in proposition 2
that the direct externality-correcting component, μj/γj, enters additively in
the formula for tj,x, whereas it does not directly affect the formula for tj,c. It
follows from the second term on the RHS of the expression in proposition 3
that the use of distortionary income taxation is not associated with externality
correction per se. Instead, in our model, a nonzero marginal income tax rate
will reflect a combination of two motives: (i) the desire to offset distortions
due to commodity taxation, and (ii) the desire to relax the emission target.
This is intuitively reasonable, as we have fewer effective policy instruments
than variables to control.

The first two terms on the RHS, which are proportional to tj,c and
tj,x − μj/γj, respectively, are associated with the former motive for using la-
bor income taxation. As we saw in proposition 2, the formulas for tj,c and
tj,x − μj/γj should be designed to relax the emission target. At the same time,
the higher each such tax, the more it may distort consumption (as represented
by the compensated demand functions), which provides an incentive to ad-
just the marginal income tax rate accordningly. For instance, the higher tj,c

at the second-best optimum, ceteris paribus, the higher (lower) will be the
marginal income tax rate, if leisure is complementary with (substitutable
for) the clean good in the sense that ∂c̃j/∂zj > 0 (< 0). The intuition is that
a higher (lower) marginal income tax rate contributes to decrease (increase)
the hours of work. The term proportional to tj,x − μj/γj can be given an anal-
ogous interpretation is terms of complementarity or substitutability between
the dirty good and leisure.

The third term on the RHS is due to the desire to relax the emission target.
It is decomposable into two parts. First, if more use of leisure contributes to
relax (tighten) the emission target, so ∂ρj/∂zj > 0 (< 0), there is an incentive
to choose a higher (lower) marginal income tax rate than otherwise. Second,
if an increase in the private income relaxes (tightens) the emission target,
so ∂ρj/∂bj > 0 (< 0), there is an incentive for the government to increase
(decrease) the private income, which can be accomplished by a lower (higher)
marginal income tax rate.
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For the model set out above, we cannot in general determine the sign of
the marginal income tax rate. To provide some additional intuition behind
the mechanisms involved, let us exemplify by considering the special case,
where the non-environmental part of the utility function takes the Cobb–
Douglas form, whereas environmental parts are summarized by quadratic
loss functions. This means that the direct utility function facing the resident
in country j can be written

uj = Ajc
αj
j x	j

j zηj
j − 1

2
�j

j [Ej]2 − 1
2

�k
j [Ek]2 ,

where Aj > 0, αj > 0, 	j > 0, ηj > 0, �j
j > 0, and �k

j > 0 are constant parameters,
whereas αj + 	j + ηj < 1. The reaction function becomes

ρj(qj,c, bj, zj) = Bjq
−α̂j
j,c bα̂j

j zη̂j
j ,

in which Bj > 0 is a (country-specific) constant, while α̂j = αj/(2 − 	j) and
η̂j = ηj/(2 − 	j). Although this example implies ∂c̃j/∂zj < 0 and ∂x̃j/∂zj < 0,
we are still unable to sign the first two terms on the RHS of the tax formula
in proposition 3 (since tj,c and tj,x − μj/γj can be either positive or nega-
tive). However, as long as λj/γj > 0, one can show that the third term in the
tax formula (which reflects the incentive to influence the emission target
via the income tax) is positive, i.e., with the functional form used here, we
have

∂ρj

∂zj
− ∂ρj

∂bj

∂vj/∂zj

∂vj/∂bj
> 0 .

From a technical perspective, this result appears because the effect of zj

dominates the effect of bj. Therefore, the desire to relax the target provides
an incentive for the government in country j to choose a higher marginal
income tax rate than it would otherwise have done. The intuition is that
a decrease in the hours of work, which reduces the income available for
private consumption, will also reduce the environmental damage caused by
country j. As a consequence, the federal government relaxes the target for
country j, which is precisely the effect that country j wants to accomplish via
the marginal income tax rate.

4. Summary and Discussion

This paper deals with environmental policy in the context of a mixed tax
problem facing each national government in an economic federation. We
assume that the federal government chooses emission targets for the coun-
tries, which are implemented at the national level. Each national government
treats other national governments as Nash competitors. We also assume that
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the economic federation is decentralized, meaning that the national govern-
ments are first movers vis-à-vis the federal government in vertical space. Our
model is inspired by the decision structure underlying the environmental
policy within the EU.

The idea behind our study is to characterize the optimal tax structure;
it is not to establish whether taxes are higher or lower than in a standard
model. Thus, we are able to describe why, and how, standard rules for income
and commodity taxation are modified. Our results suggest a strategic motive
for tax policy not discussed in earlier literature: each country uses its policy
instruments, at least in part, to influence the emission target. This has several
important implications for the optimal tax structure: first, the commodity
taxes do not satisfy the so-called additivity property often emphasized in
earlier literature, and, second, it provides an argument for using distortionary
labor income taxation.

Clearly, as we indicated in the introduction, European federalism is still
in its infancy, meaning that it may not be entirely clear how the behavior at
the “federal level” ought to be described. At the same time, the basic issue
here is that the lower-level (national) governments are able to commit to
their policies, implying that the “federal outcome,” however defined, is con-
ditioned on the policy variables decided upon at the national level. As long
as this assumption is relevant, our analysis may shed light on the implications
for tax policy at the national level of being able, in part, to affect the targets
decided upon at the federal level.
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