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Abstract: This paper examines various circumstances under which decentralized pol-

lution policies can be efficient both in federal settings and in multi-region settings with

labour mobility. We consider a model in which pollution control policies are set by re-

gional governments non-cooperatively and pollution damages are borne by the residents

of all regions. We characterize the efficiency of pollution policies, and of population al-

location among regions, in a variety of scenarios, including when pollution policies are

enacted before interregional transfers are determined by the federal government and be-

fore migration occurs; in the absence of a central government if regional governments can

make voluntary interregional transfers; when decisions over pollution control policies are

followed by voluntary contributions by regions to a national public good; when regions can

commit to matching the abatement efforts of each other; and when regions can commit

to specific levels of abatement contingent on the emissions of other regions not exceeding

some maximum level.
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1 Introduction

Policies for controlling emissions of pollutants are sometimes enacted by subnational gov-

ernments in a federation. In Canada, various provinces have implemented either carbon

tax schemes or versions of cap-and-trade, more or less to the exclusion of the federal gov-

ernment. Similarly, in the USA, several states have engaged in carbon pricing or regulatory

schemes. There may be political economy reasons for this, especially since sub-national

jurisdictions — or regional governments, as we shall call them — rely to very different

extents on carbon-generating industries. However, there may be reasons based on stan-

dard assignment of functions arguments for decentralizing pollution control, given that

regulators and enforcers need local information about producing and consuming agents.

As well, economic unions typically rely on member nations to undertake pollution control

policies.

Given that pollution crosses borders freely, it is natural to assume that decentralized

provision will lead to inefficiently low levels of emissions control, unless policies can be

cooperatively implemented. There is, however, a literature that suggests that decentralized

provision of a national public good can be efficient if regional governments are first-movers

and the central government implements an optimal redistributive interregional transfer or

equalization system. The literature is associated with Silva and Caplan (1997) and Caplan,

Cornes and Silva (2000), and has been carefully surveyed by Akai and Sato (2008). This

is the starting point for our paper.

There exist two other branches of literature that investigate circumstances under which

non-cooperative behavior can lead to efficient outcomes even when the behavior involves

the potential for free-riding. One applies to models of voluntary contribution to public

goods. Guttman (1978) showed that if all agents contributing to a public good could com-

mit to matching the contributions of others, an efficient level of contributions would result.

Danziger and Schnytzer (1991) showed that voluntary matching contributions would lead

to a Lindahl equilibrium, and Boadway, Song and Tremblay (2007) generalized this anal-

ysis to other forms of commitment. They showed that if only one agent could commit, it

could implement a scheme that would also be Pareto efficient. This scheme, referred to as
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a quantity-contingent mechanism (QCM), involves one agent committing to a contribution

level contingent on a minimum level of contribution by another. Guttman and Schnytzer

(1992) and Altemeyer-Bartscher, Rübbelke and Sheshinski (2010) extend this argument to

externalities, and Boadway, Song and Tremblay (2011) explore its application to interna-

tional pollution control. In the latter case, when countries are able to match the abatement

of each other, an efficient outcome will result, including in a multi-period setting. Boad-

way et al also showed that this result applies even if countries’ emissions are not perfect

substitutes. This literature is for the case when there is no central (or world) government.

There are other approaches that require some central coordinating agency to operate sim-

ple mechanisms for enforcing efficient regional choices, such as deposit and refund schemes

proposed by Gersbach and Winkler (2007) and Gerber and Wichardt (2009).

In a federal context, fiscal decision-making can generate interregional spillovers that gen-

erally cause inefficient choices. However, efficient regional decision-making can be induced

by interregional migration, as shown by Boadway (1982). Regional governments, facing

an equal-utility constraint because of migration, implicitly behave in the national inter-

est when they maximize per capita utility, a phenomenon that Myers and Papageorgiou

(1993) refer to as ‘incentive equivalence’. The incentive equivalence result applied mainly

to the efficiency of regional fiscal decision-making when regions provide local public goods

for which there is no spillover. However, even if fiscal choices are efficient, migration

can be inefficient, as shown by Buchanan and Goetz (1972) and Flatters, Henderson and

Mieszkowski (1974). One important rationale for federal equalization transfers is to cor-

rect this inefficiency of migration. But, as Myers (1990) shows, this inefficient migration

can, in simple models, be addressed by voluntary interregional transfers without the need

for a central government. Mansoorian and Myers (1993) show that this also applies with

imperfect migration, which they model using the so-called attachment-to-home approach

that is now widely used, and Wrede (1998) shows that it can apply if regional governments

are not fully benevolent.

Two final bits of literature will be referred to in what follows. The first concerns the impor-

tance of the timing of decisions in a multi-government setting. Decentralized provision is
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shown to be efficient only if regional governments act first, followed by the central govern-

ment and then private agents, the so-called ‘decentralized leadership’ case. Even with this

order of decision-making, efficiency is prone to fail for other reasons. Regional governments

will over-extend themselves if they anticipate getting bailed out by the central government,

a phenomenon analysed by Goodspeed (2002), Wildasin (2004), Boadway and Tremblay

(2006), and Breuillé and Vigneault (2010), among others. This is not the only timing

issue that matters. Mitsui and Sato (2001) show that if migration occurs before central

and regional governments make their fiscal choices, dramatic consequences can occur. The

presence of regional public goods, which rewards population, combined with a redistribu-

tive federal government, which tends to equalize marginal utilities of consumption, induces

households to agglomerate excessively in one or more regions.

The last relevant finding we draw on concerns the so-called neutrality theorem of volun-

tary contribution models of public goods. As Shibata (1971), Warr (1983) and Bergstrom,

Blume and Varian (1986) have all argued, when many agents are contributing voluntarily

to a public good, a redistribution of income among them will have no effect on resource

allocation or welfare, at least as long as they all remain contributors after the re-allocation.

Boadway and Hayashi (1999) extend this analysis to a setting in which countries are con-

tributing to an international public good. Contributing countries’ welfare will be decreasing

in their populations, but the neutrality result continues to apply.

This paper draws on all these literatures. Our approach is somewhat pedagogical. We

catalogue various ways in which decentralized pollution policies can lead to efficient out-

comes both in federal settings and in multi-region settings in which migration is possible.

We present a sequence of scenarios which share some features in common. These include

a) the non-cooperative deployment of pollution control policies by regional governments

when pollution causes damage to residents of all regions; b) the enactment of pollution

policies before fiscal choices are made and before migration occurs; and c) the possibility

of migration by households whose utility functions are identical but who may have differ-

ent attachments to different regions. The models we use are highly simplified models of

pollution control, whose features are only as complicated as necessary to make the point.

3



Some of the models will be explicitly federal in the sense that there is a central govern-

ment whose relevant function is to make interregional transfers. Other models will assume

away federal transfers, either because they are redundant or because we want to consider

economic union settings where regions are independent but where migration can occur.

The main elements of the basic model are described in the next section followed by a charac-

terization of the social optimum. Section 4 then examines the outcome under decentralized

pollution control policy. In Section 5, we look at the case where regional governments can

provide voluntary transfers to each other, after enacting their pollution control policies,

while in Section 6, we let regions contribute voluntarily to a national public good in addi-

tion to controlling pollution. In Sections 7 and 8, we characterize pollution policies when

one or both regions can make commitments, either to matching the emission abatement

of the other region, or to achieving some level of emission abatement contingent on some

maximum level of emissions for the other region. Conclusions are provided in the last

section.

2 The Model

There are two regions denoted by i = 1, 2. Region i is populated with ni mobile residents,

where n1 +n2 = N . Regional production Fi(ni) is used for a clean good xi and a polluting

good ei, each with unit prices. Each unit of production of good e generates one unit of

pollution emissions whose damages are imposed on all N households according to d(n1e1 +

n2e2), with d′(·) > 0 and d′′(·) > 0. The per capita benefit of emissions in region i is given

by b(ei), where b′(ei) > 0 and b′′(ei) < 0.

The mobility of individuals is limited by their degree of attachment to one of the regions.

As in Mansoorian and Myers (1993), this is modeled by assuming that each individual is

characterized by an attachment-to-region-2 parameter n, uniformly distributed over [0, N ].

Apart from their regional attachment, all individuals are identical. The utility of individual

n is quasi-linear in x and given by u(x1 + b(e1)− d(n1e1 + n2e2)) + α(N −n) if residing in

region 1, and by u(x2+b(e2)−d(n1e1+n2e2))+αn if residing in region 2, where α ∈ [0,∞)

is a parameter indicating the non-pecuniary cost of migration.
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The migration equilibrium condition is:

u(x1 + b(e1)− d(n1e1 + n2e2)) + α(N − n1) = u(x2 + b(e2)− d(n1e1 + n2e2)) + αn1 (1)

where n1 is the marginal person. Households with n 6 n1 reside in region 1, so n1 is the

population in region 1 in equilibrium, and the population of region 2 is n2 = N − n1.

Regions control the level of output of the polluting good in their region (by some unspecified

means), while the federal government only implements interregional transfers Ti such that

T1 = −T2. Of course, the federal government may do other things, but none of them are

relevant for our analysis. The resource constraint in region i, given federal transfer Ti is

nixi + niei = Fi(ni) + Ti.

There are three decisions made in sequence in the model. Regional governments first

choose ei, then the federal government chooses Ti, and finally households choose their

region of residence. The assumption that regions choose pollution policies before the

central government chooses transfers is rationalized by the fact that pollution policies are

longer term decisions. Assuming that migration decisions are made last is the standard

practice in the literature, although as shown by Mitsui and Sato (2001), reversing the

order of decisions with migration decisions occurring before fiscal policy choices can affect

importantly the migration equilibrium, as discussed earlier. There can be two sources of

inefficiency, the choice of ei and therefore the level of nationwide damages d(·) imposed on

all persons, and the choice of residence, which is made by households but is influenced by

regional and federal policies.

Before examining the outcome under decentralized policy-making, we briefly characterize

the socially optimal allocation.

3 The Social Optimum

We can characterize the social optimum by choosing the consumption of clean and polluting

goods for both regions (xi, ei), as well as the allocation of population (n1, n2), to maximize

the sum of utilities for both regions, including the sum of attachment benefits, subject to
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the resource constraint and the migration equilibrium condition.1 The problem is the

following:

max
{xi,ei,n1}

n1u(x1 + b(e1)− d(n1e1 + n2e2)) + αn1N −
∫ n1

0

αndn

+n2u(x2 + b(e2)− d(n1e1 + n2e2)) +
∫ N

n1

αndn

subject to

n1x1 + n2x2 + n1e1 + n2e2 = F1(n1) + F2(n2) (λ)

and

u(x1 + b(e1)− d(n1e1 + n2e2)) + α(N − n1) = u(x2 + b(e2)− d(n1e1 + n2e2)) + αn1 (Φ)

where λ and Φ are the Lagrange multipliers associated with each constraint and n2 =

N − n1. The first-order conditions to this problem are:

x1 : n1u
′
1 − λn1 + Φu′

1 = 0 (2)

x2 : n2u
′
2 − λn2 − Φu′

2 = 0 (3)

e1 : n1u
′
1

(
b′(e1)− n1d

′(·)
)
− n1n2u

′
2d

′(·)− λn1

+Φ
(
u′

1

(
b′(e1)− n1d

′(·)
)

+ n1u
′
2d

′(·)
)

= 0 (4)

e2 : n2u
′
2

(
b′(e2)− n2d

′(·)
)
− n1n2u

′
1d

′(·)− λn2

−Φ
(
u′

2

(
b′(e2)− n2d

′(·)
)

+ n2u
′
1d

′(·)
)

= 0 (5)

n1 : u1 − n1u
′
1d

′(·)(e1 − e2) + α(1− n1)− u2 − n2u
′
2d

′(·)(e1 − e2)− αn1

+λ
(
F ′

1(n1)− F ′
2(n2)− x1 + x2 − e1 + e2

)
+Φ
(
− u′

1d
′(·)(e1 − e2)− α + u′

2d
′(·)(e1 − e2)− α

)
= 0 (6)

1 As is standard in federalism models, we assume the planner cannot dictate where individuals live.
He must abide by a migration equilibrium condition.
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where ui = u
(
xi + b(ei) − d(n1e1 + n2e2)

)
. Substituting (2) and (3) in (4) and (5) and

rearranging, we obtain:

b′(e1) = b′(e2) = 1 + Nd′(·) (7)

Equation (7) indicates that, in the social optimum, the marginal benefits of emissions are

equalized across regions and the level of emissions in each region is such that the marginal

benefits equal the relative price of the clean and polluting goods plus the sum of marginal

damages. This condition implies that e1 = e2. Using (2) and (3), as well as the migration

equilibrium condition and e1 = e2 in equation (6), and rearranging, we can derive the

following:

(F ′
1(n1)− x1)− (F ′

2(n2)− x2) =
2αΦ

λ
= 2α

n1n2(u′
2 − u′

1)
(n1 + n2)u′

1u
′
2

(8)

Equation (8) is the optimal migration condition.

The social optimum can be decentralized with a common price for emissions in the two

regions, equal to Nd′(·), and an interregional transfer T1 to induce the optimal allocation of

population. To derive some intuition about optimal migration, note first that the allocation

of population between the two regions that maximizes the value of attachment to home

solves:

max
n1

αn1N −
∫ n1

0

αndn +
∫ N

n1

αndn

This yields n1 = N/2, so people are equally divided between the two regions. However,

if productivity differs between the two regions, this will be an inefficient allocation. If

the regions had the same production function (F1(n) = F2(n)), it would be optimal to

allocate people equally between the two regions. In this case, x1 = x2 and Φ = 0, so the

migration equilibrium constraint is not binding, F ′
1 = F ′

2 and T1 = 0. If region 1 has a

superior production function (F1(n) > F2(n)), it is optimal to have more people there,

and an incentive can be provided via T1 > 0. In this case, x1 > x2, so Φ > 0. Whenever

needed in what follows, we will assume that region 1 is the more productive.

Note that with perfect labour mobility, α = 0 and the migration equilibrium condition is

simply u1 = u2. Therefore, x1 = x2 (since all the other elements of utility are identical

between regions), F ′
1(n1) = F ′

2(n2) and T1 = 0. Without migration (α high), Φ = 0, and
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a transfer will be required to insure that x1 = x2 and F ′
1 = F ′

2. In this case, T1 > 0 if

F1(n) > F2(n).

4 Decentralized Pollution Control

We now turn to the decentralized policy case where we assume that pollution policies set

by regional governments are longer-term decisions than federal transfers. The timing of

decisions is the following: first, regions choose pollution policies ei; the federal government

then chooses transfers Ti; and finally, individuals make their migration decisions. Once

pollution policies, transfers and migration decisions are made, consumption of the clean

good xi in each region is determined by the regional resource constraint. The regional and

federal government problems are solved by backward induction starting with the federal

transfer policy.

Federal Government Problem

The problem of the federal government consists in choosing Ti, xi and n1(= N − n2),

taking ei as given, to maximize:2

n1u(x1 + b(e1)− d(n1e1 + n2e2)) + αn1N −
∫ n1

0

αndn

+n2u(x2 + b(e2)− d(n1e1 + n2e2)) +
∫ N

n1

αndn

subject to

Fi(ni) + Ti = nixi + niei, i = 1, 2

T1 + T2 = 0

u(x1 + b(e1)− d(·)) + α(N − n1) = u(x2 + b(e2)− d(·)) + αn1

The first set of constraints are the resource constraints for each region, the second is the

federal budget constraint, and the third is the migration equilibrium condition. We can

2 Population allocation n1 is an artificial choice variable of the federal government, and is justified
by adding the migration equilibrium constraint to the problem. An alternative is to let n1 be de-
termined endogenously as a function of the other control variables using the migration equilibrium
condition, which is slightly messier.
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substitute the resource constraints and the federal government budget constraint into the

objective function and maximize with respect to T1 and n1 only. The first-order conditions

are:

T1 : u′
1 − u′

2 + Φ
u′

1

n1
+ Φ

u′
2

n2
= 0 (9)

n1 : u1 + (n1 + Φ)u′
1

( (F ′
1 − e1)n1 − (F1(n1) + T1 − n1e1)

n2
1

− d′(·)(e1 − e2)
)

+α(N − n1)− u2 + (n2 − Φ)u′
2

( (−F ′
2 + e2)n2 + (F2(n2)− T1 − n2e2)

n2
2

−d′(·)(e1 − e2)
)
− αn1 − 2αΦ = 0 (10)

where Φ is the Lagrange multiplier associated with the migration equilibrium condition.

Using the migration equilibrium condition and (9) in (10), we can get after some manipu-

lations:

(F ′
1(n1)− x1)− (F ′

2(n2)− x2) = 2α
n1n2(u′

2 − u′
1)

(n1 + n2)u′
1u

′
2

+ (e1 − e2)(1 + Nd′(·)) (11)

This equation is similar to equation (8) that characterizes the allocation of population in

the social optimum, but includes an additional term (the second term on the right side)

whenever e1 6= e2.

Regional Government Problem

Anticipating the federal government transfer policy, region 1 will choose its pollution con-

trol policy e1 and (artificially) the federal transfer T1 to maximize:

u
(F1(n1) + T1 − n1e1

n1
+ b(e1)− d(n1e1 + n2e2)

)
subject to condition (11) characterizing the federal government policy derived above, which

incorporates the migration equilibrium condition. An analogous problem is solved by region

2. The attachment-to-home component is left out since it does not affect the regional

problems. Similarly, maximizing total utility rather than per capita utility would lead to

the same solution. The first-order conditions are:

T1 :
u′

1

n1
− δ

(
1
n1

+
1
n2

)
+
(

2δαn1n2

(n1 + n2)(u′
1u

′
2)2

)[(
u′′

2

n2
+

u′′
1

n1

)
u′

1u
′
2
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+(u′
2 − u′

1)
(

u′′
1u′

2

n1
− u′

1u
′′
2

n2

)]
= 0 (12)

e1 : u′
1 (−1 + b′(e1)− n1d

′(·)) + δ

(
1− 2αn1n2

(n1 + n2)(u′
1u

′
2)2

·

[
(−d′(·)n1u

′′
2 − u′′

1 (−1 + b′(e1)− n1d
′(·)))u′

1u
′
2

−(u′
2 − u′

1)(u
′′
1 (−1 + b′(e1)− n1d

′(·))u′
2 − u′

1u
′′
2n1d

′(·))
]

−1−Nd′(·)−Nd′′(·)n1(e1 − e2)

)
= 0 (13)

where δ is the Lagrange multiplier associated with the constraint (11) that characterizes

the policy of the federal government. Substituting (12) in (13) and rearranging, we can

derive:

b′(e1) = 1 + Nd′(·) +
n1n2(Nu′

2)
2d′′(·)(e1 − e2)

(Nu′
2)2 − 2αn2

1n2u′′
2

(14)

Solving the same problem for region 2 gives

b′(e2) = 1 + Nd′(·)− n1n2(Nu′
1)

2d′′(·)(e1 − e2)
(Nu′

1)2 − 2αn1n2
2u

′′
1

(15)

Given that b′(ei) > 0, b′′(ei) < 0, d′′(·) > 0 and u′′
i < 0, (14) and (15) can only be both

satisfied if e1 = e2. Therefore, b′(e1) = b′(e2) = 1 + Nd′(·), as in the optimum. Using

e1 = e2 in (11), we immediately get equation (8) which characterizes migration in the

social optimum. Therefore, both environmental efficiency and efficiency in the distribution

of population are achieved.

Note that pollution policies would be efficient even without labour mobility. In this case,

the federal government would choose Ti, xi and n1 to maximize n1u(x1 + b(e1) − d(·)) +

n2u(x2 +b(e2)−d(·)), subject to Fi(Ni) = nixi +niei +Ti, for i = 1, 2. The transfer policy

that solves this problem is such that u′
1 = u′

2 and u1 = u2. Anticipating federal transfers,

region i would choose xi, ei and Ti to maximize u(xi + b(ei)− d(·)) subject to its resource

constraint, nixi +niei = Fi(ni)+Ti, and u(x1 +b(e1)−d(·)) = u(x2 +b(e2)−d(·)). Solving

this problem leads to b′(ei) = 1 + Nd′(·), so efficiency is achieved.
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With perfect labour mobility on the other hand, pollution policies are efficient even in the

absence of federal transfers. To see this, suppose there are no federal transfers. In this

case, region 1’s problem is

max
{e1,n1}

u
(F1(n1)− n1e1

n1
+ b(e1)− d(n1e1 + n2e2)

)
subject to

u
(F1(n1)− n1e1

n1
+ b(e1)− d(·)

)
= u

(F2(n2)− n2e2

n2
+ b(e2)− d(·)

)
From the first-order condition to this problem, we obtain:

F ′
1 − x1 = (F ′

2 − x2)
b′1 − 1− n1d

′

n2d′ + e1 + n1d
′(e1 − e2)− (e2 − n2d

′(e1 − e2))
b′1 − 1− n1d

′

n2d′

A condition analogous to the above can be obtain from the problem of region 2. It can

readily be shown that both of these conditions can only be satisfied if

b′1 − 1− n1d
′

n2d′ =
n1d

′

b′2 − 1− n2d′

which implies that b′(e1) = 1 + (n1 + n2)d′ = b′(e2), so e2 = e1, and F ′
1 − x1 = F ′

2 − x2.

The optimum is achieved without any federal transfers. In fact, we can easily show that

transfers would have no effect under perfect labour mobility, which can be seen as an

application of the well-known neutrality theorem (Shibata 1971; Warr 1983; Bergstrom,

Blume and Varian 1986) in the current context.

Finally, it is important to note that the efficiency of decentralized policies applies only

if regional governments maximize per capita utility or total utility of original residents.

If governments were to maximize the total utility of final residents, there would be an

incentive to set policies in order to attract residents, which would distort the efficiency of

the equilibrium.

Perfect Mobility with Regional Public Goods

Let us now briefly introduce a regional public good gi in this setting. We assume that the

public good in each region is provided at unit cost, that there is perfect labour mobility, so
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α = 0, and that the utility function takes the following form: u(xi+b(ei)−d(n1e1+n2e2)+

v(gi)). Without any environmental externality, regional choices of public good provision,

subject to the migration equilibrium condition, will yield an efficient choice of gi as long as

regions maximize per capita utility, as initially shown by Boadway (1982). Since perfect

mobility will equalize utilities across regions, regional governments will effectively maximize

utility in both regions by maximizing the per capita utility of their residents. However,

the allocation of labour across regions will generally not be efficient. Transfers between

regions, if determined before regional decisions are made, can be set to induce the efficient

allocation of population (Boadway and Flatters, 1982). On the other hand, if transfers are

determined after regional policies, regional governments will tend to over-provide regional

public goods in order to elicit larger transfers from the federal government.

In the presence of an environmental externality, full efficiency is achieved without any

federal transfers. In this case, the problem of region 1 is to maximize per capita utility:

max
{e1,n1,g1}

u
(F1(n1)− n1e1 − g1

n1
+ b(e1)− d(n1e1 + n2e2) + v(g1)

)
subject to migration equilibrium:

u
(F1(n1)− n1e1 − g1

n1
+b(e1)−d(·)+v(g1)

)
= u

(F2(n2)− n2e2 − g2

n2
+b(e2)−d(·)+v(g2)

)
The first-order conditions for e1 and n1 are analogous to those in the perfect mobility case

without public goods analyzed in the previous sub-section, and lead to b′(e1) = b′(e2) =

1 + Nd′, e2 = e1, and F ′
1 − x1 = F ′

2 − x2. From the first-order condition for g1, we

immediately obtain n1v
′(g1) = 1, so the Samuelson condition for efficient provision of g1

is satisfied. Federal transfers are unnecessary ex ante, in this case.

If federal transfers are provided ex post however, public goods provision will be distorted.

To see this, we start by characterizing the federal transfer policy (chosen after ei and gi).

The problem is:

max
{T1,n1}

n1u(x1 + b(e1)− d(n1e1 +n2e2)+ v(g1))+n2u(x2 + b(e2)− d(n1e1 +n2e2)+ v(g2))

subject to the resource constraint of each region, the federal budget constraint and the

migration equilibrium condition:

Fi(ni) + Ti = nixi + niei + gi, i = 1, 2
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T1 + T2 = 0

u(x1 + b(e1)− d(·) + v(g1)) = u(x2 + b(e2)− d(·) + v(g2))

The first-order conditions with respect to T1 and n1 (after having substituted the resource

constraints and the federal government budget constraint into the objective function) are

(9) and:

u1 + (n1 + Φ)u′
1

( (F ′
1 − e1)n1 − (F1(n1) + T1 − n1e1 − g1)

n2
1

− d′(·)(e1 − e2)
)

−u2 + (n2 − Φ)u′
2

( (−F ′
2 + e2)n2 + (F2(n2)− T1 − n2e2 − g2)

n2
2

− d′(·)(e1 − e2)
)

= 0 (16)

Using (9) and the migration equilibrium condition, u1 = u2, in (16), and rearranging, we

obtain:

(F ′
1(n1)− x1)− (F ′

2(n2)− x2) = (e1 − e2)(1 + Nd′(·)) (17)

Regional governments will anticipate how their pollution policies as well as their level of

public good provision will affect federal transfers. The problem of region 1 is:

max
{e1,g1,T1}

u
(F1(n1) + T1 − n1e1 − g1

n1
+ b(e1)− d(n1e1 + n2e2) + v(g1)

)
subject to (17). The first-order conditions are:

e1 : u′
1

(
− 1 + b′(e1)− n1d

′(·)
)

+ δ
(
−Nd′(·)−Nd′′(·)n1(e1 − e2)

)
= 0 (18)

g1 : u′
1

(
−1
n1

+ v′(g1)
)

+
δ

n1
= 0 (19)

T1 :
u′

1

n1
− δ

(
1
n1

+
1
n2

)
= 0 (20)

where δ is the Lagrange multiplier associated with constraint (17). Combining these first-

order conditions, as well as those from the problem of region 2, we can show that regional

policies will be such that e1 = e2, b′(e1) = b′(e2) = 1 + Nd′, and Nv′(gi) = 1. Therefore,

pollution policies are efficient, but regional public goods are over-provided relative to the

optimum. There is a form of soft-budget constraint problem leading regions to choose their

levels of public goods strategically in order to attract federal transfers.
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The following proposition outlines the main results of this section.

Proposition 1. Under decentralized pollution control policy, the subgame perfect equilibrium

has the following properties:

i. With imperfect labour mobility and federal transfers determined after regional policies,

full efficiency is achieved: emissions in both regions and the allocation of population

between regions are efficient (Caplan, Cornes and Silva, 2000);

ii. Without labour mobility, pollution policies are efficient and marginal utilities are equal-

ized across regions, u′
1 = u′

2;

iii. With perfect mobility, pollution policies are efficient without federal transfers, and fed-

eral transfers are neutral with respect to regional policies; and

iv. With perfect labour mobility and regional public goods, pollution policies, public good

provision and the allocation of population are efficient without any need for federal

transfers. If there are transfers, and they are determined after regional policies, pollu-

tion policies are efficient but public goods are over-provided.

5 Voluntary Interregional Transfers

We now consider the case where regions can voluntarily provide transfers to each other,

anticipating the impact on the allocation of population. This is the analogue of the case

analyzed by Myers (1990) for a decentralized federation with regional public goods and

perfect mobility. Myers showed that voluntary interregional transfers induced an efficient

allocation of population across regions. We extend this analysis to the case where pollution

abatement is a national public good and regions engage in emissions control policies. There

are two stages. In the first stage, regions simultaneously choose their pollution policy and

interregional transfer. Individuals then make their migration decisions in the second stage.

There is no federal government. Let T12 denote the transfer provided by region 1 to region

2 and T21 region 2’s transfer to region 1. Region 1 will therefore choose e1, n1 and T12 to

maximize

n1u
(F1(n1)− n1e1 − T12 + T21

n1
+ b(e1)− d(·)

)
+ αn1N −

∫ n1

0

αndn

14



subject to the migration equilibrium condition,

u
(F1(n1)− n1e1 − T12 + T21

n1
+ b(e1)− d(·)

)
+ α(N − n1)

= u
(F2(n2)− n2e2 − T21 + T12

n2
+ b(e2)− d(·)

)
+ αn1

The first-order conditions are:

e1 : (n1 + Φ)u′
1 (−1 + b′(e1)− d′(·)n1) + Φu′

2d
′(·)n1 = 0 (21)

T12 : −(n1 + Φ)
u′

1

n1
− Φ

u′
2

n2
= 0 (22)

n1 : u1 + (n1 + Φ)u′
1

(
(F ′

1 − e1)n1 − (F1(n1)− n1e1 − T12 + T21)
n2

1

− d′(·)(e1 − e2)

)

+α(N − n1)− Φu′
2

(
(−F ′

2 + e2)n2 + (F2(n2)− n2e2 − T21 + T12)
n2

2

−d′(·)(e1 − e2)

)
− 2αΦ = 0 (23)

Region 2 solves an analogous problem and the first-order conditions for the problems of

both regions must be satisfied simultaneously. Combining the first-order conditions of both

regions for their choice of pollution policy and transfer, we can derive the conditions that

characterizes the socially optimal pollution policies, i.e. b′(e1) = b′(e2) = 1+Nd′(·), which

implies that e1 = e2. Likewise, combining the regions’ conditions for n1 and for n2, we

can recover (8) which characterizes the optimal allocation of population. Therefore, the

social optimum is achieved without a federal government. Note that full efficiency would

also hold in this setting even in the presence of regional public goods. Hence, we have the

following:

Proposition 2. If regions can voluntarily provide transfers to each other, the socially optimal

pollution policies and allocation of population across regions will be achieved without a

federal government.
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6 Adding Public Goods Contributions

In this section, we introduce a national public good financed by the voluntary contributions

of regions. In contrast to Caplan, Cornes and Silva (2000), who have analyzed the case

where regional governments voluntarily contribute to a national public good in the presence

of labour mobility, we consider a setting with both contributions to a national public good

and pollution control policies. Our interest is to examine the interaction between the two.

We again assume that there is no federal government. Regions deploy pollution policies as

well as contributing to the national public good. The timing of decisions is as follows. In

the first stage, regions set their pollution policies ei which are viewed as longer-run decisions

than contributions to the public good. In the second stage, regions simultaneously choose

their contributions to the national public good. Finally, individuals make their migration

decisions. The utility function must now include the benefits from the national public

good and is assumed to take the following form: u(xi + b(ei) − d(·) + v(g1 + g2)), with

v′(g1 + g2) > 0 and v′′(g1 + g2) < 0, where gi denotes the public good contribution of

region i.

It is useful to start with the special case where there is no migration.

Public Good Contributions

Given ei, regions simultaneously choose their contributions to the national public good.

The problem of region 1 is to set g1 and x1 to maximize u(x1 + b(e1)− d(n1e1 + n2e2) +

v(g1 + g2)), subject to its resource constraint, n1x1 = F (n1) − n1e1 − g1. This problem

can be rewritten as follows:

max
{X1,gi}

u
(X1

n1
+ v(g1 + g2)

)
s.t. X1 + g1 = F (n1) + I1

where X1 = n1x1 +n1b(e1)−n1d(n1e1 +n2e2) and I1 = n1b(e1)−n1e1−n1d(n1e1 +n2e2).

Region 2 solves an analogous problem. With the regional problem written this way, we can

readily verify that the Neutrality Theorem (Shibata 1971, Warr 1983) implies that X1, X2

and G = g1 + g2 depend only on aggregate ‘wealth’, which can be defined in this context

as F (n1) + F (n2) + I1 + I2. Given this, the utility of region 1 in the second stage can be
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written as

u
(X1(F (n1) + F (n2) + I1 + I2)

n1
+ v(G(F (n1) + F (n2) + I1 + I2))

)
and similarly for region 2.

Pollution Policies

Anticipating the equilibrium in public good contributions, each region will set its level of

emissions to maximize utility. Given that utility takes the form shown above, each region

will, in effect, maximize u(·) by maximizing I1 + I2, where

I1 + I2 = n1b(e1)− n1e1 + n2b(e2)− n2e2 −Nd(n1e1 + n2e2)

Maximizing this with respect to ei immediately leads to b′(ei) = 1 + Nd′(·) for i = 1, 2,

so pollution control policies are efficient. However, provision of the public good remains

inefficiently low as in standard voluntary contributions models.

Perfect labour mobility in the current setting would play the same role as in the case

considered in Section 4. Labour mobility in the last stage would equalize utilities across

regions. Anticipating this, regional governments would choose their pollution policies and

public good contributions to maximize the common level of utility. So the incentives of

both regions would be perfectly aligned and the equilibrium would be efficient.

This would not hold however with imperfect labour mobility. In this case, utilities would

not be fully equalized. Furthermore, the Neutrality Theorem would not apply for public

good contributions since regions would take into account the effect of their contribution on

the allocation of population, unless regions are assumed to behave myopically with respect

to migration.

This is summarized in the following.

Proposition 3. In the presence of a national public good provided by the voluntary con-

tributions of regions, pollution policies are efficient without labour mobility and without a

federal government, as long as pollution policies are set first followed by contributions to

the national public good.
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7 Regional Commitment: Matching Abatements

We now consider a case, where regions can voluntarily offer to match the emission reduction

effort of the other region. We assume that region i can commit to match the emission

reduction of region j at rate mi. Let ei denote the per capita emissions that region i

would choose in the absence of any matching commitment, and êi the per capita emission

target of region i, before matching the abatements of the other region. Then, the actual

per capita emissions in region i will be equal to ei = êi −mi(ej − êj) and the emissions

reduction will be ei − ei. The mechanism involves two stages. In the first stage, regions

simultaneously choose matching rates mi, anticipating the effect of their matching rate

on the emission target chosen by the other region. In the second stage, given mi, regions

simultaneously choose emission targets êi.3 We continue to assume that there is no federal

government and no labour mobility.

Efficient Pollution Control

Before characterizing the equilibrium pollution policies under this mechanism, it is useful

to distinguish between two notions of efficiency, with and without interregional transfers.

In the absence of transfers, we can characterize efficient emissions by solving the following

Pareto-optimizing problem:

max
e1,e2

u
(F1(n1)− n1e1

n1
+ b(e1)− d(n1e1 + n2e2)

)
s.t. u

(F2(n2)− n2e2

n2
+ b(e2)− d(n1e1 + n2e2)

)
> ū2

where ū2 is some exogenous level of utility in region 2. The first-order conditions to this

problem yield:
n1d

′(·)
b′(e1)− 1

+
n2d

′(·)
b′(e2)− 1

= 1 (24)

This condition says that the sum of ratios of marginal damages to marginal benefits (net of

the cost of the polluting good) will equal unity. This is analogous to a Samuelson condition

3 This mechanism is also analyzed in a similar setting by Boadway, Song and Tremblay (2011),
and in the context of voluntary contributions to an international public good by Boadway, Song
and Tremblay (2007). Matching contributions mechanisms have also been analyzed in Guttman
(1978), Danziger and Schnytzer (1991) and Varian (1994), among others.
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in the current context. Generally, b′(e1) 6= b′(e2), so the pollution policies characterized

by (24) are constrained efficient.

With interregional transfers, the Pareto-optimizing problem becomes the following:

max
e1,e2,T

u
(F1(n1) + T − n1e1

n1
+ b(e1)− d(n1e1 + n2e2)

)

s.t. u
(F2(n2)− T − n2e2

n2
+ b(e2)− d(n1e1 + n2e2)

)
> ū2

In this case, the first-order conditions lead to (24) and b′(e1) = b′(e2). Combining these

yields b′(e1) = b′(e2) = 1 + Nd′(·), so full efficiency is achieved: the marginal benefits of

emissions are equalized across regions, and are equal to the relative price of the polluting

good plus the sum of marginal damages.

Matching Abatements: Stage 2

Let us now turn to the mechanism defined above. We start by deriving the choice of

emission targets in the second stage before characterizing the subgame perfect equilibrium

matching rates chosen by regions in the first stage. In Stage 2, given (m1,m2), region 1

chooses ê1 to maximize the following:

u
(F1(n1)

n1
− (ê1 −m1(e2 − ê2)) + b(ê1 −m1(e2 − ê2))

−d(n1(ê1 −m1(e2 − ê2)) + n2(ê2 −m2(e1 − ê1)))
)

and similarly, for region 2. Assuming an interior solution, the first-order conditions for

both regions give:

n1d
′(·)

b′1(e1)− 1
=

1
1 + m2

,
n2d

′(·)
b′2(e2)− 1

=
1

1 + m1
(25)

Regions choose their emission target such that the ratio of marginal damages to net

marginal benefits equals the effective per capita cost of reducing emissions by one unit,

given the matching rate offered by the other region. The equations in (25) are the reac-

tion functions of each region. In equilibrium, both reaction functions must be satisfied

simultaneously to yield the Nash equilibrium emissions e1(m1,m2) and e2(m1,m2).
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Matching Abatements: Stage 1

In Stage 1, both regions choose their matching rates simultaneously, anticipating the Nash

equilibrium in Stage 2. The derivation of the equilibrium is analogous to that presented in

a similar setting in Boadway, Song and Tremblay (2011). Therefore, we will simply outline

the main properties of the equilibrium without going into formal demonstrations.

The slopes of each region’s reaction curve in Stage 2 will depend on the matching rates

chosen in Stage 1. In the space where we have the emission reduction of each region on the

two axis, we can show that both regions’ reaction curves will be linear and parallel if the

matching rates are such that m1m2 = 1, or equivalently, when the matching rates are the

reciprocals of each other. Moreover, for unique values of m1 and m2 satisfying m1m2 = 1,

the reaction curves will coincide. In fact, these will be the subgame perfect equilibrium

matching rates.

To build some simple intuition for this result, it is useful to note the following. First,

when m1m2 = 1 and the Stage 2 reaction curves coincide, direct emissions (ê1, ê2) are

indeterminate, but total emissions (e1, e2) are uniquely determined. This implies that

along the common reaction curve, the utility levels of each region are constant. Second,

when matching rates satisfy m1m2 = 1, regions are indifferent between direct and indirect

(or matching) emission reductions. To see this, note that the cost for region 1 of reducing

emissions by one unit directly (i.e. by reducing its own emission target ê1) is equal to

1/(1 + m2). On the other hand, the cost of reducing emissions by one unit indirectly (i.e.

by matching the emission reduction of the other region) is m1/(1+m1).4 When m1m2 = 1,

we have 1/(1 + m2) = m1/(1 + m1), so the direct and indirect costs of reducing emissions

faced by region 1 are equal. The same applies for region 2. Neither region has any incentive

to deviate from such an allocation, so the matching rates for which m1m2 = 1 and reaction

curves coincide constitute a subgame perfect equilibrium. Intuitively, starting from any

4 Total emissions reduction by both regions is equal to (e1 − e1) + (e2 − e2) = e1 − ê1 + m1(e2 −
ê2) + e2 − ê2 + m2(e1 − ê1) = (1 + m2)(e1 − ê1) + (1 + m1)(e2 − ê2). A reduction of ê2 by
∆ê2 = 1/(1 + m1) will lower total emissions by one unit. The change of ê2 will be matched by
region 1 at rate m1, so will cost m1/(1 + m1) to region 1.
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point on the common reaction curve with m1m2 = 1, if one region were to increase its

matching rate, it would end up reducing emissions indirectly at a cost higher than the cost

of reducing emissions directly. Therefore, there would be no incentive to do so. Similarly,

if one region were to reduce its matching rate, it would then be reducing emissions directly

at a cost higher than the indirect cost of emission reduction.

Two properties of this equilibrium are particularly interesting. First, using (25) and

m1m2 = 1, we can readily show that

n1d
′(·)

b′(e1)− 1
+

n2d
′(·)

b′(e2)− 1
= 1

so the levels of emissions are constrained efficient. Second, the effective cost of emission

reduction faced by each country is the analogue of a Lindahl price. To see this, we can

multiply the direct cost of emission reduction faced by region 1, i.e. 1/(1+m2), by the total

emission reduction of both regions, and we obtain the total direct and matching emission

reduction of region 1:

1
1 + m2

(e1 − e1 + e2 − e2) =
1

1 + m2
(e1 − ê1 + m1(e2 − ê2) + e2 − ê2 + m2(e1 − ê1))

= e1 − ê1 + m1(e2 − ê2)

where we have used m2 = 1/m1. The cost of emission reduction faced by region 1 is there-

fore the price at which region 1 would be willing to provide the total emission abatement

of both regions, so it can be seen as a Lindahl price.

Matching Abatements with Emissions Quota Trading

We now add a third stage to the mechanism to let regions trade emissions quotas on a

competitive market. The first two stages are as before and they essentially determine the

emission quota to which each region commits. Let qi denote the demand for quotas in the

third stage by region i, with qi R 0. The market price of quotas p is determined by the

market clearing condition
∑

i qi(p) = 0. We assume that regions take the price of quotas

as given. The timing of decisions is now as follows. In Stage 1, regions simultaneously

choose mi. Given (m1,m2), regions choose êi in the second stage. Finally, in Stage 3,

given (ê1, ê2) (as well as (e1, e2)), regions choose their demand for quotas qi.
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Assuming an interior solution, the demand for quotas by region i will maximize:

u(F (ni)/ni − ei − pqi/ni + b(ei + qi/ni)− d(·))

where the actual emissions of region i are now ei + (qi/ni) = êi −mi(ej − êj) + (qi/ni).

Solving this problem for both regions gives b′1(·) = b′2(·) = p. Quota trading leads to an

equalization of the marginal benefits of the polluting good across regions.

With quota trading, the choice of emission target by region 1 in Stage 2 will maximize the

following:

u

(
F1(n1)

n1
− (ê1 −m1(e2 − ê2))−

pq1

n1
+ b

(
ê1 −m1(e2 − ê2) +

q1

n1

)

−d

(
n1

(
ê1 −m1(e2 − ê2) +

q1

n1

)
+ n2

(
ê2 −m2(e1 − ê1) +

q2

n2

)))

When solving this problem, the regional government anticipates the equilibrium price of

quotas that will be determined in the following stage. The problem of region 2 is analog

and is solved simultaneously. It is easy to verify that the solutions to these problems will

give (25). Moreover, the subgame perfect equilibrium matching rates will again be such

that m1m2 = 1 and that both regional reaction curves in Stage 2 coincide. In fact, the

equilibrium will have the same properties as in the case without quota trading, although

in this case, the marginal benefits of emission will be equalized across regions, so full

efficiency is achieved, i.e. b′(e1) = b′(e2) = 1 + Nd′(·), and Lindahl pricing holds.

The results of this section are outlined in the following proposition.

Proposition 4. (Guttman, 1978; Danziger and Schnytzer, 1991; Boadway, Song and

Tremblay, 2011)

When regions can commit to match the pollution reduction efforts of each other, the sub-

game perfect equilibrium has the following properties:

i. Efficient pollution control policies are achieved without labour mobility and without a

federal government;
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ii. Without emission quota trading, emissions are constrained efficient: the sum of ratios

of marginal damages to marginal benefits equals unity, but the marginal benefits of

emissions are not equalized across regions, b′(e1) 6= b′(e2);

iii. With quota trading, the equilibrium is fully efficient: the marginal benefits of emissions

equal the relative cost of the polluting good plus the sum of marginal damages, and are

equal in both regions;

iv. Matching rates are such that, for each region, the direct cost of reducing emissions

equals the indirect (matching) cost; and

v. In equilibrium, the effective cost of reducing emissions for each region is the analogue

of a Lindahl price.

8 Regional Commitment: Stackelberg Leader

In this section, we consider a different form of commitment. We assume that one region,

say region 1, is a Stackelberg leader so can commit to a specific level of emission reduction,

anticipating the response of the other region. Moreover, we assume that region 1 exploits

is ability to commit to the fullest. Rather than simply taking as given how region 2 will

react, as in a standard Stackelberg model, it makes its emission reduction contingent on

region 2’s emissions not exceeding some specified maximum level. We refer to this as a

quantity contingent mechanism (QCM).5 We continue to assume that there is no federal

government and no labour mobility.

The mechanism involves three stages. In the first stage, region 1 commits to a level of

emissions ẽ1 and a transfer T̃12 to region 2 if the emissions of region 2 are not higher

than ẽ2. If region 2 exceeds this maximum, region 1 commits to some level of emissions

e1 > 0 and transfer T12 = 0, where e1 is exogenous and can be seen as the business-as-

usual emissions level. In Stage 2, region 2 chooses its level of emissions e2, given region

1’s announced commitment. In the last stage, region 1 chooses e1 and T12 according to

5 Boadway, Song and Tremblay (2007) have analyzed a similar mechanism in the context of volun-
tary contributions to an international public good.
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its previous commitment. Again, the equilibrium is solved by backward induction starting

with second stage.

Stage 2

At this stage, given the values of ẽ1, T̃12 and e1 announced by region 1, region 2 chooses

e2 = ẽ2 if

u
(F2(n2) + T̃12

n2
− ẽ2 + b(ẽ2)− d(n1ẽ1 + n2ẽ2)

)
> u2 (26)

where

u2 = max
{e2}

u
(F (n2)

n2
− e2 + b(e2)− d(n1e1 + n2e2)

)
That is, if region 2 chooses not to satisfy the requirement of the QCM, it simply sets its

emissions level to maximize utility.

Stage 1

In the first stage, region 1 will anticipate region 2’s decision and will set the QCM param-

eters to induce compliance by region 2. The problem is the following:

max
ẽ1,ẽ2,T̃12

u
(F1(n1)− T̃12

n1
− ẽ1 + b(ẽ1)− d(n1ẽ1 + n2ẽ2)

)
subject to (26). The first-order conditions to this problem are:

ẽ1 : u′
1

(
− 1 + b′(ẽ1)− n1d

′(·)
)

+ λu′
2n1d

′(·) = 0 (27)

ẽ2 : −u′
1n2d

′(·) + λu′
2

(
− 1 + b′(ẽ2)− n2d

′(·)
)

= 0 (28)

T̃12 : −u′
1

n1
− λu′

2

n2
= 0 (29)

By combining these conditions, we can readily verify that b′(ẽ1) = b′(ẽ2) = 1 + Nd′(·), so

full efficiency is achieved. This is not surprising since region 1’s problem is equivalent to

a Pareto-maximizing problem. Solving that problem maximizes the surplus available for

the region.

If the QCM does not include a transfer, then the problems of both regions are the same as

above, but with T̃12 = 0. The first-order conditions are simply (27) and (28), and combining
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them yields equation (24). Therefore, without interregional transfers, the outcome is

constrained efficient.

Quantity Contingent Mechanism with Labour Mobility

Finally, let us briefly examine the outcome of the QCM with mobile labour. In this case,

assuming that region 2 maximizes the sum of utilities of its final residents, it will comply

with the QCM if

n2u
(F2(n2) + T̃12

n2
− ẽ2 + b(ẽ2)− d(n1ẽ1 + n2ẽ2)

)
+
∫ N

n1

αndn > u2 (30)

where u2 maximizes total utility, including the sum of attachment benefits, given region

1’s policies in the absence of compliance, i.e.

u2 = max
{e2}

n2u
(F (n2)

n2
− e2 + b(e2)− d(n1e1 + n2e2)

)
+
∫ N

n1

αndn

In the first stage, region 1 will choose the parameters of the QCM (ẽ1, ẽ2, T̃12), as well as

n1 (artificially) to maximize

n1u
(F1(n1)− T̃12

n1
− ẽ1 + b(ẽ1)− d(n1ẽ1 + n2ẽ2)

)
+ αn1N −

∫ n1

0

αndn

subject to (30) and the migration equilibrium condition:

u
(F1(n1)− T̃12

n1
− ẽ1 + b(ẽ1)− d(n1ẽ1 + n2ẽ2)

)
+ α(N − n1)

= u
(F2(n2) + T̃12

n2
− ẽ2 + b(ẽ2)− d(n1ẽ1 + n2ẽ2)

)
+ αn1

When the QCM includes a transfer, one can show from the first-order conditions to this

problem that emissions in each region are such that b′(ẽ1) = b′(ẽ2) = 1 + Nd′(·). That

is, pollution policies are fully efficient even with imperfectly mobile labour. However, the

allocation of population across regions will not be efficient since region 1, which is acting

as the leader, will have incentives to set the QCM so as to attract labour.

The analysis of this section is summarized in the following proposition.
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Proposition 5. When one region can commit to a particular level of emissions contingent

on the emissions of the other region being no more than some specified level, the equilibrium

satisfies the following:

i. Pollution control policies are fully efficient, i.e. b′(ẽ1) = b′(ẽ2) = 1 + Nd′(·), without a

federal government if the QCM set by the leader can include an interregional transfer;

ii. If the leader cannot commit to a transfer as part of the QCM, pollution policies are

constrained efficient; and

iii. With imperfect labour mobility, pollution policies remain fully efficient if the QCM

includes a transfer (and constrained efficient if not), but the allocation of population

across regions is not efficient.

9 Conclusions

This paper has characterized decentralized pollution control policies in different settings.

The analysis has shown that, even when regional governments behave non-cooperatively,

efficient outcomes can arise under various circumstances. When regions set their pollution

policies first, anticipating how federal transfers and individual migration decisions will

respond, the levels of emissions will be efficient as well as the allocation of population

across regions, even if labour is imperfectly mobile. If labour mobility is perfect, efficiency

will hold even in the absence of federal transfers and even if regions are also providing

regional public goods. Efficiency will also be achieved with imperfect labour mobility

and in the absence of a federal government, provided that regions can make voluntary

transfers to each other. When regions voluntarily contribute to a national public good

after setting their pollution control policies, emissions will be efficient in the absence of a

federal government and without labour mobility, although the national public good will

be under-provided. Finally, if regions can commit to matching the emission abatements of

each other, or if one region can commit to a particular level of emissions contingent on the

emissions of the other region not exceeding some specific level, pollution policies will also

be efficient without a federal government and labour mobility.
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A number of extensions to the analysis could be considered. First, the consequences of

changing the order of decisions could be examined. For instance, as in Mitsui and Sato

(2001), migration decisions could be assumed to occur first, followed by regional pollution

policies and federal transfers. This may be appropriate if migration decisions are viewed

as longer-run decisions than environmental policy and fiscal policy decisions. As shown

by Mitsui and Sato (2001), there is a tendency for labour to agglomerate when migration

decisions occur first. Presumably, labour agglomeration would have an impact on regional

pollution policies. Second, some of the cases considered could be extended to multi-period

settings where damage functions would depend on the accumulation of emissions over time.

Finally, we could explore whether the various efficiency results would hold if the emissions

of each region were imperfect substitutes in damage functions.
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