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a b s t r a c t

We analyze the joint determination of income redistribution and migration flows across

fiscally independent regions. In our model, regional governments lack commitment so

their policy announcements must be credible, and redistribution between skilled and

unskilled workers is bounded by informational constraints. In any given region, the

welfare of all workers is increasing in the share of skilled workers, as after-tax incomes

increase for both skilled and unskilled workers. When skilled workers are more

geographically mobile than unskilled ones, the endogenous response of redistribution

policy can induce regional agglomeration of skilled workers. We also find that the

equilibrium features symmetry-breaking if migration costs are relatively low; and that

worker mobility tends to amplify pre-existing welfare differences in income and welfare

across regions.

& 2010 Elsevier B.V. All rights reserved.

1. Introduction

The process of geographical concentration of skilled labor may be at the heart of sustained economic development.
Lucas (2004) formalizes this idea, building on Eaton and Eckstein (1997), in a model where existing skills are a key input in
the production of new skills. While empirically it is well established that skilled labor gravitates toward areas where skills
are already abundant (Moretti, 2004 and references therein), it is less clear which are the particular mechanisms driving
skill agglomeration in the data. As Duranton and Puga (2004) point out, the implications for efficiency and policy often
depend crucially on the specific micro-foundation generating skill agglomeration.

This paper introduces a new agglomeration mechanism: we show how endogenous income redistribution among
fiscally independent regional authorities can lead to skill agglomeration. Consider two regions that differ in the skill
composition of their workforce, and operate an identical constant-returns-to-scale technology. In our model after-tax

income for skilled workers is higher in the region with a higher share of skilled workers. The lower skill wage premium
translates into lower need for redistribution: the lower taxes paid by skilled workers more than compensate for the lower
pre-tax skilled income. As a result, footloose skilled workers will migrate from the skill-scarce to the skill-abundant region.

We propose a model where bilateral migration flows and regional redistributive policies are jointly determined. We
crucially depart from previous literature by focusing on credible policies. That is, we dismiss the ability of governments to
commit to policies that are not in the best interest of the after-migration workforce in the region. We model the policy
decision as the decision of a benevolent government subject to some informational constraints. The worker skill level is
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private information, and thus the tax schedule can only be a function of workers’ earnings. We solve the government’s
decision problem using a modified version of Mirrlees (1971). Equilibrium policies are sub-game perfect: each regional
government’s policy must be optimal given the final workforce in the region. Turning to migration flows, skilled workers
decide whether and where to migrate subject to a set frictions. Each skilled worker receives one idiosyncratic opportunity
to migrate, which specifies a mobility cost and a potential destination region. Skilled workers then compare the welfare
gain of migration with their idiosyncratic mobility cost, correctly forecasting the redistribution policy at destination.
Importantly, in our model unskilled workers are geographically less mobile than skilled workers. For simplicity, we assume
that migration costs for unskilled workers are prohibitively high.

We show that the informational constraint limits the amount of redistribution. Specifically, a government that can tax
individuals based on their (unobserved) type would implement larger redistribution than is feasible in our environment. In
our equilibrium allocations skilled workers consume (and work) more than unskilled workers. Another important feature
of our model is that the welfare of skilled workers in a region is an increasing function of the share of skilled workers in
that region. As noted earlier, an inflow of skilled workers reduces pre-tax income inequality, which leads to lower
redistributive taxation. We show that the resulting allocation delivers higher utility to both skilled and unskilled residents.
We emphasize that if redistributive taxation were fixed, both pre-tax and after-tax skilled income would be reduced by an
inflow of skilled workers into the region. Regional skill agglomeration is a direct implication of the previous result. As
skilled workers move into a region, redistributive taxes fall, after-tax skilled income rises, and the region becomes even
more attractive to skilled workers. The agglomeration process stops only when the mobility cost faced by the marginal
migrant becomes too high.

We highlight two important implications of the theory. First, for low mobility costs, the equilibrium features
symmetry-breaking, that is, regional differences in income and welfare arise among ex-ante identical regions.1 Inequality
across regions is thus a necessary part of (stable) equilibria when mobility costs are low. Second, skilled worker
mobility amplifies any pre-existing regional differences in income and utility. Regions with a technological or human
capital disadvantage will suffer a brain drain, as their skilled workers migrate to more developed regions. The nature of
regional differences (TFP differences versus skill endowments) is not innocuous. When TFP differences are the main source
of heterogeneity across regions, migration flows tend to improve productive efficiency and social welfare. We also
note that if regional differences in TFP are very large, initial differences in skill endowments may be irrelevant to
migration flows.

Our paper is closely related to two strands of literature. First, it makes a contribution to the literature on agglomeration
economies. The review by Duranton and Puga (2004) lays out a taxonomy for the numerous micro-foundations proposed in
the literature. The first category consists of agglomeration based on sharing indivisible inputs, productivity gains derived
from a large variety of intermediate inputs, specialization and cost reduction through learning-by-doing, or sharing risks.
Second, agglomeration economies can also be based on matching producers and consumers more efficiently. Finally, the
third category is based on the creation and diffusion of knowledge. Our skill agglomeration mechanism is driven by
endogenous redistribution and, in a sense, belongs to the category of agglomeration based on sharing. Taking as given the
demand for income redistribution in a region, an inflow of skilled (rich) workers increases the tax base. This allows for
improved sharing of the redistribution burden, allowing for lower taxes. As noted earlier, in addition to this tax-base effect
skilled in-migration will also have an effect on the desired size of redistributive transfers.

Our paper is also related to the vast public-economics literature on taxation of mobile factors and, in particular, labor.
Since Tiebout (1956), economists and political scientists have been interested in the consequences of policy competition on
efficiency in environments with mobile factors. Tiebout (1956) suggested that voter mobility will induce local
governments to efficiently supply public goods. In a different vein, the highly influential work of Oates (1972) forcefully
argued that policy competition would lead to a race to the bottom in taxation. Zodrow and Mieszkowski (1986) formalize
the argument in a model with distortionary capital taxes. Their work has contributed to the widely spread belief that factor
mobility will induce underprovision of public goods. However, other authors have qualified this prediction. Epple and
Romer (1991) argue that significant local redistribution can be sustained once voters internalize the impact of migration
flows on the price of a fixed factor. Cai and Treisman (2005) note that regional heterogeneity may lead to divergent tax
policies, rather than convergence to a lower bound.

Finally, our paper is also related to Armenter and Ortega (2010) who ask whether worker mobility has led to policy
convergence across US states. Their quantitative analysis uses a version of the model presented here that allows both
skilled and unskilled workers to be geographically mobile and is fit to capture the heterogeneity and migration patterns
across US states observed in the data. Armenter and Ortega (2010) find that most worker flows were driven by exogenous
TFP differences, and that migration induced substantial convergence in tax rates and transfers, but no race to the bottom.

The paper is organized as follows. In the next section we introduce the model and then analyze optimal redistribution
policy in a closed economy in Section 3. Section 4 takes on labor mobility and our definition of a equilibrium. Our analysis
of a equilibrium with credible policies and its most important properties is in Section 5. Section 6 contains a two-region
economy illustrating the results. Section 7 concludes.

1 Symmetry-breaking arises in several economic environments. See Matsuyama (2002) and Mookherjee and Ray (2003), and references therein.
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2. The economy

We consider a world economy consisting of R={1,2,y,N} regions. In each region r 2 R, there are two types of workers:
unskilled and skilled, denoted by subscripts i=1 and i=2, respectively. Each region r starts with a measure er

i 40 of workers
of each type. After all migration decisions have been made, the measure of workers of type i in region r is denoted ni

r.

Definition 1. A workers’ distribution n¼ fnr
1,nr

2gr2R is feasible ifX
r2R

nr
i ¼
X
r2R

er
i ð1Þ

for i=1,2 and nr
i Z0 for all r 2 R, i=1,2.

Let non-negative vector xr ¼ ðcr
1,cr

2,lr1,lr2Þ denote an allocation for region r where ci
r and li

r denote consumption and hours
worked by an agent of type i in region r. Each worker owns one unit of time to be used for work or leisure. We let x¼ fxrgr2R

be a world allocation. In the tradition of the political economy of taxation pioneered by Meltzer and Richard (1981) we
allow workers to make labor supply choices. Specifically, we assume that the preferences of both types of workers are
represented by a common utility function defined over consumption and hours of work, U(ci,li). To save on notation we
shall often write U(xi

r) with the understanding that xi
r=(ci

r,li
r). Utility function U(ci,li) is assumed to be differentiable and

strictly concave, with Uc 40, Ulo0, Ucc o0, and Ullo0. We also assume a non-positive cross-derivative: Uclr0.2 Under
these assumptions, indifference curves in the labor-consumption (l,c), space are increasing and strictly convex.

Production is carried out by combining two factors of production, skilled and unskilled labor, as summarized by the
region-specific production function Frðnr

1lr1,nr
2lr2Þ. We assume that function Fr is differentiable, constant returns to scale,

strictly concave, and satisfies Fr
1240 as well as the appropriate Inada conditions. Since all regions produce the same

undifferentiated good there is no reason to trade.3 We can now define feasible allocations.

Definition 2. An allocation xr is feasible given (n1
r ,n2

r ) if

nr
1cr

1þnr
2cr

2rFrðnr
1lr1,nr

2lr2Þ ðRCÞ

and non-negativity constraints on hours and consumption.

We assume that unskilled workers can only supply unskilled labor as they are not qualified to perform certain tasks.
Skilled workers, though, can work both in skilled and unskilled tasks. As we explain in detail below, the government cannot
discriminate by worker type, which is unobservable. We show below that the incomplete information constrains the
degree of income redistribution.

Throughout the paper, we restrict our attention to economies where the marginal product of skilled labor is higher than
the marginal product of unskilled labor. In other words, skilled workers always earn a higher pre-tax wage rate. More
specifically, define the skilled-to-unskilled worker ratio by Zr ¼ nr

2=nr
1. We will concentrate on situations where skilled

workers are relatively scarce. Formally, we make restrictions on primitives so that in equilibrium Zr rZr , for all regions,
where Zr is given by

Fr
1ð1,Zr

Þ ¼ Fr
2ð1,Zr

Þ�e ð2Þ

for some small e40. We show below that, for any skill ratio Zr rZr , the marginal product of skilled labor will be above the
marginal product of unskilled labor. It follows that allocations inducing skilled workers to take on unskilled jobs are
inefficient.

3. Optimal redistribution in a closed economy

Redistribution policy in our model is endogenously determined as the decision of a regional fiscal authority which looks
after the welfare of its residents. We start by studying the problem of optimal redistribution policy for a given workforce
(n1,n2). To ease notation we drop the superscripts indexing each region.

We do not exogenously restrict the tax instruments available to the fiscal authority. In particular, we allow for non-
linear tax schedules and hence progressive income taxation. We assume, though, that worker’s types are unobservable so
the tax schedule can only be a function of the task performed by each worker and the associated earnings. This constrains
redistribution policy. Since skilled workers can perform unskilled tasks, a very aggressive redistribution policy would lead
skilled workers to take up unskilled tasks.

We state the optimal redistribution policy problem as a classic Mirrlees (1971) direct taxation problem. This reduces
the problem to choosing feasible allocations subject to a set of incentive compatibility constraints. These constraints
ensure that all workers truthfully reveal their type. In our case, only skilled workers can mislead the government. Hence,
the only incentive-compatibility constraint is that a skilled worker cannot be worse off than an unskilled worker.

2 That is, we assume that consumption and leisure are complements. Note that the case of separable utility is included.
3 The production function can also be viewed as the reduced form of a more general production function with additional factors (capital) that are

perfectly mobile across regions. The key is to assume that each region faces a perfectly elastic supply of each of those factors.
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Definition 3. A feasible allocation x=(c1,l1,c2,l2) is incentive compatible if

Uðc1,l1ÞrUðc2,l2Þ: ðICÞ

Our incentive compatibility constraint is different from the usual formulation in Mirrlees’ problems because we assume
that the task choice (working in a skilled or unskilled task) is observable. This approach retains the efficiency-
redistribution trade-off while being very convenient when we extend the analysis to multiple regions. The optimal
redistribution policy problem requires picking the incentive-compatible allocation providing the highest social welfare
given the current workforce (n1,n2). Constant returns to scale in production allows us to formulate the problem in terms of
the skilled-unskilled ratio Z. We label the resulting allocation as second-best.

Definition 4. An allocation x=(c1,l1,c2,l2) is second-best given Z¼ n2=n1 if it solves

maxfUðc1,l1ÞþZUðc2,l2Þg ðSBPÞ

subject to

c1þZc2rFðl1,Zl2Þ,

Uðc1,l1ÞrUðc2,l2Þ

and non-negativity constraints for x.

3.1. Redistribution with full information

We briefly examine the problem of optimal redistribution under complete information. The resulting first-best
allocation serves as a benchmark: full information clearly improves the government’s redistribution technology.

Definition 5. We say that an allocation x is first-best given Z¼ n2=n1 if it solves

max
x

Uðc1,l1ÞþZUðc2,l2Þ ðFBPÞ

subject to (RC) and non-negativity constraints for x.

Problem (FBP) is a standard concave program over a convex set. It follows that the first-order conditions are necessary
and sufficient. Not surprisingly, in the first-best allocation the marginal utility of consumption is equalized across worker
types. In addition, the marginal rate of substitution between labor and consumption for each type of worker is equalized to
the corresponding marginal product of labor.

The first-best allocation will not equate the welfare of both types of workers. As long as skilled labor is more productive,
skilled workers will be called to supply more work hours. Generally speaking, equating the marginal utility of consumption
will not ‘‘compensate’’ skilled workers for having less leisure. The next result states that in the first-best allocation skilled
workers are strictly worse off than unskilled workers.

Lemma 1. Let ZrZ and x be a first best allocation given Z. Then unskilled workers enjoy higher welfare than skilled workers

Uðc1,l1Þ4Uðc2,l2Þ: ð3Þ

Proof. In the Appendix.

It is instructive to illustrate the Lemma with an example. Suppose that utility is separable in consumption and labor
supply. Now recall that the first-best allocation calls for complete equalization of the marginal utility of consumption
across the two skill types. Of course under separable utility this implies equalizing consumption levels. The first-best
allocation also requires equating the marginal rate of substitution to the marginal product for each type of labor. Under our
assumptions on utility and technology, the government chooses an allocation requiring skilled workers (who have a higher
marginal product) to supply more work than unskilled workers. As a result, the level of utility enjoyed by unskilled
workers surpasses the utility from the consumption-leisure bundle targeted to skilled workers.

Such an extreme degree of redistribution may not be feasible. In particular, there are natural constraints on taxation
arising from incomplete information. From Lemma 1 is immediate that the first-best allocation will not satisfy the
incentive-compatibility constraint.

3.2. Redistribution under incomplete information

As we have just seen, first-best allocations are not incentive-compatible. This implies that the informational friction
(types are not observable) effectively constrains the government’s ability to redistribute income from rich to poor. We now
characterize second-best allocations, which turns out to be remarkably simple. Policy models with linear tax rates are often
hindered by implementability constraints shaping non-convex choice sets. In contrast, we can assert the necessity and
sufficiency of the first-order conditions associated to the second-best problem (SBP).

R. Armenter, F. Ortega / European Economic Review 55 (2011) 228–245 231
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Lemma 1 already made clear that first-best allocations are not incentive compatible. We next show that the incentive
constraint (IC) is binding in second-best allocations.4

Lemma 2. Let ZrZ. Then for any second-best allocation x, the incentive compatibility constraint (IC) is binding

Uðc1,l1Þ ¼Uðc2,l2Þ: ð4Þ

Proof. Assume otherwise. Then the necessary first-order conditions for the first and second-best allocations coincide. By
the sufficiency of both sets of conditions, it implies second-best allocations are also solutions to the FBP problem. But
Lemma 1 implies Uðc1,l1Þ4Uðc2,l2Þ, violating the incentive compatibility constraint. &

Equipped with Lemma 2, we can characterize the second-best allocation with just four equations. The first-order
conditions associated with problem (SBP) yield that the labor supply is not being distorted, that is,

MRSiðci,liÞ ¼ Fiðl1,Zl2Þ ð5Þ

for i=1,2. These two conditions in addition to the binding resource (RC) and incentive-compatibility (IC) constraints fully
characterize the set of second-best allocations as long as ZrZ.

Let us now highlight some properties of second-best allocations. First, we confirm that there is a positive skill premium, that
is, the marginal product of a skilled worker is higher than that of an unskilled worker. Second, skilled workers work more than
unskilled ones, and are ‘‘compensated’’ with higher consumption. Their consumption, though, is strictly less than their pre-tax
labor income. In other words, the regional government redistributes income from rich to poor residents. The degree of
redistribution implicit in second-best allocations is the maximum feasible in the presence of the informational constraint.

Proposition 3. Let ZrZ. In any second-best allocation x given Z,

1. There is a strictly positive skill premium:

F1ðl1,Zl2ÞoF2ðl1,Zl2Þ: ð6Þ

2. Skilled workers consume more (c24c1) and supply more labor (l24 l1) than unskilled workers.
3. Skilled worker consumption c2, which is equal to after-tax income, is strictly less than pre-tax income:

c2oF2ðl1,Zl2Þl2: ð7Þ

We conclude this section by providing a result that will be key in the multi-region analysis: Both types of workers benefit
from an inflow of the scarce skilled labor. This result is formalized in the next proposition.

Proposition 4. Let ZoZ0rZ and let x and x0 be second-best allocations given Z and Z0, respectively. Then

Uðc2,l2ÞoUðc02,l02Þ ð8Þ

and

Uðc1,l1ÞoUðc01,l01Þ: ð9Þ

Proof. In the Appendix.

Proposition 4 is a statement about the government’s ability to redistribute income across workers. Consider first a
laissez-faire economy, where the government is prevented from taxing any income. An inflow of skilled workers increases
the income (and thus welfare) of unskilled workers because of complementarity in production. At the same time the
income and hence the welfare of skilled workers decreases. Consider now the opposite extreme: an economy with full
information. In the first-best allocation the government redistributes all income across workers. Higher output per capita
then increases the after-tax incomes and hence the welfare of both workers.

The government’s ability to redistribute income in second best allocation lies between these two examples. We show how,
despite the limited ability to redistribute income, both workers’ welfare increase with output per capita as in the full
information economy. The intuition for the result is the following. In the second-best allocation the government is taxing skilled
workers to the limit, that is, the incentive-compatibility constraint is binding. An inflow of skilled workers into the region
produces a surplus that allows the government to increase the level of consumption of the relatively poor unskilled individuals.
To avoid skilled workers from switching to unskilled tasks the government needs to raise their welfare as well.5

4 Under inelastic labor supply first-best and second-best allocations coincide. In addition, consumption and utility levels are equated between skilled

and unskilled individuals in the same region. Intuitively, taxation is not distortionary hence the regional government redistributes income aggressively to

the point of equating after-tax income and consumption levels.
5 The distinction between redistribution allocations (first-best or second-best) and the laissez-faire allocation plays a fundamental role in the public debate

over immigration policy. It is widely recognized that immigration flows with an arbitrary skill composition deliver an aggregate immigration surplus (Berry and

Soligo, 1969; Borjas, 1994). However, in the absence of appropriate income redistribution mechanisms (e.g. laissez-faire) any immigration flow will generate

winners and losers. As a result, the political economy of immigration policy is highly contentious (Benhabib, 1996; Ortega, 2005, 2010).
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3.3. Decentralization

Here we show that second-best allocations can be decentralized into a competitive equilibrium with lump-sum taxes.
Hence, there is no need for distortionary taxation in our economy despite the binding informational friction.

Lemma 5. Let x be a second-best allocation given ZrZ. Then there exists a lump sum tax t and wages rates (w1,w2) such that

allocation x can be decentralized as a competitive equilibrium defined by

1. Pair (c1,l1) solves the unskilled household problem:

maxUðc1,l1Þ s:t: c1rw1l1þZt, ð10Þ

with c1Z0, l1Z0.
2. Pair (c2,l2) solves the skilled household problem:

maxUðc2,l2Þ s:t: c2rw2l2�t ð11Þ

with c2Z0, l2Z0.
3. Wages equal marginal products:

w1 ¼ F1ðl1,Zl2Þ,

w2 ¼ F2ðl1,Zl2Þ:

Proof. In the Appendix.

We will use later the definition of competitive equilibrium in Lemma 5. We conclude with several observations. The
decentralization of second-best allocations in the previous proposition is not unique, as it depends on the tax instruments
available to the government. That is the main reason for stating our main results in terms of allocations. The advantage
from assuming a particular tax system is that it helps provide intuition for our results. For instance, we can rephrase the
statements in Lemma 5 as follows: an inflow of skilled workers (ZoZ0) leads to higher unskilled wages and lower skilled
wages (w2=w14w02=w01). With a fixed tax t on skilled tasks, this change in wages would lead to a situation where unskilled
workers enjoy higher utility than skilled ones. In order to avoid violating the incentive-compatibility constraint
the government needs to reduce the tax on workers performing skilled tasks (t4t0). The tax cut need not imply a fall in the
transfer received by each individual performing unskilled tasks (Zt). This is because the lower tax on skilled tasks may
be offset by the increase in the tax base, that is, the number of individuals working in skilled tasks.

4. Labor mobility and equilibrium

We consider an environment where skilled workers are more geographically mobile than unskilled ones. This
asymmetry has substantial empirical support.6 For simplicity we make the extreme assumption that unskilled workers
have prohibitively high migration costs.

Specifically, we assume that each skilled worker in region r receives an opportunity to migrate, ðr0,mÞ, specifying a
destination region r0ar and a migration cost m in terms of utility. Each region generates migration opportunities equally,
that is, a fraction 1/(N�1) of skilled workers born in state r receive opportunities to migrate to each other region r

0

. Hence,
the number of potential migrants from r to r0ar is given by

er
2

N�1
: ð12Þ

Migration cost m is idiosyncratic, drawn from a distribution with cumulative distribution function D(m) with D0ðmÞ40 for
all mZ0 and D(0)=0. In equilibrium if a skilled worker born in region r with migration opportunity ðr0,mÞ chooses to
migrate, all other workers from the same region with opportunities ðr0,mÞ entailing lower migration costs, mrm, will
migrate as well.7

Let dðr,r0Þ be the fraction of potential migrants that actually move from r to r0. The whole matrix of (gross) migration
flows from one region to the others can be summarized by function d : R2-½0,1� where dðr,rÞ ¼ 0. For each pair of regions
ðr,r0Þ, we can define the migration cost paid by the marginal migrant as follows,

mðdðr,r0ÞÞ �D�1ðdðr,r0ÞÞ: ð13Þ

6 Bound and Holzer (2000) and Chiquiar and Hanson (2005) provide evidence of lower migration costs for skilled workers within US states and

internationally, respectively.
7 It is possible to entertain richer environments but only at a significant cost in terms of tractability. Armenter and Ortega (2010) analyze a richer

environment where both skilled and unskilled workers receive opportunities to migrate, solving for the equilibrium numerically. Provided that average

migration costs are higher for unskilled workers their economy behaves in a similar manner to the one analyzed here.
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We note that mðxÞ is unbounded as x-1, is differentiable for x40, and m0ðxÞ40. An environment with higher mobility costs
implies a higher mðxÞ for all x40.

Given migration flows d, the native skilled workforce that remains in region r is given by

er
2 1�

1

N�1

X
r02R

dðr,r0Þ

 !
: ð14Þ

Total inflows into the region are given by

X
r02R

dðr0,rÞ
N�1

er0

2 : ð15Þ

Hence, the final skilled workforce in region r is

nr
2 ¼ er

2 1�
1

N�1

X
r02R

dðr,r0Þ

 !
þ
X
r02R

dðr0,rÞ
N�1

er0

2 : ð16Þ

Before proceeding to our equilibrium with endogenous redistribution, it is useful to define an equilibrium for any given
set of feasible policies ftrgr2R.

Definition 6. An equilibrium given policies ftrgr2R is a set of allocations fxrgr2R, a pattern of migration flows d : R2-½0,1�
and a worker distribution fnr

1,nr
2gr2R with Zr rZr for all r 2 R, such that

1. For every r 2 R, xr is a competitive equilibrium given tr and {n1
r ,n2

r }.
2. The worker distribution is feasible and is given by Eq. (16) and nr

1 ¼ er
1 for all r 2 R.

3. For each r 2 R, all individually profitable moves from r to r
0

take place, that is,

Uðxr0

2 Þ�Uðxr
2Þrmðdðr,r0ÞÞ, ð17Þ

with equality if dðr,r0Þ40, for all r0ar.

Condition 3 states the rationality of migration decisions. Migration takes place from region r to r 0 until the marginal
migrant is indifferent. Obviously, there are no migration flows (from r to r 0) if migration is not profitable for a potential
migrant with zero cost: Uðxr0

2 Þ�Uðxr
2Þo0. Note that each individual migrant takes policies (allocations) as given.

In an equilibrium given policies, the bilateral gross flow between any two given regions are equal to the net flow.8 That
is, workers only flow in one direction between any pair of regions; in our notation, dðr,r0Þdðr0,rÞ ¼ 0. It is possible, though,
that a region may be attracting workers from one region while simultaneously shedding workers to other regions. Hence,
overall gross flows in a region are not necessarily equal to net flows. Clearly, since migration costs are non-negative,
workers only move to higher welfare regions (though not necessarily to the highest). Thus it is possible to order all regions
according to their levels of utility. Bilateral migration flows only take place in one direction along this ranking.

Let us illustrate the implications of these observations using a simple example. Consider a three-region environment
(regions 1, 2 and 3) and suppose that in equilibrium there are migration flows from region 2 to region 1 (dð2,1Þ40) and
from region 3 to region 2 (dð3,2Þ40). Then it must be the case that there is migration from region 3 to region 1 as well
(dð3,1Þ40). The reason is that equilibrium utilities in this example satisfy

Uðx1
2Þ4Uðx2

2Þ4Uðx3
2Þ: ð18Þ

Furthermore, it will be the case that some workers native to region 3 migrate to location 1 and others to region 2.
Clearly, the argument can be extended to any number of regions. In general, we can always construct a ranking of regions
(possibly with ties) in terms of (skilled) worker welfare. It will always be the case that a region with a given equilibrium
welfare level will suffer outflows toward all regions ranking higher in terms of welfare.

We conclude the section by stating the uniqueness of the equilibrium for exogenously given policies ftrgr2R. As will be
clear later, when redistribution policies are endogenous there will often be multiple equilibria.

Proposition 6. There is a unique equilibrium given feasible policies ftrgr2R.

Proof. In the Appendix.

5. Credible redistribution policies

We start this section by defining our concept of equilibrium under worker mobility when redistribution policies are
endogenous. Essentially, a policy equilibrium requires workers to make individually optimal migration decisions and the
resulting allocations to be second-best given the final workers’ distribution. It is useful to visualize our equilibrium concept

8 The models in Coen-Pirani (2007) and Lkhagvasuren (2007) generate gross flows that are larger than net flows.
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as a sequential game. First, workers decide whether to migrate and then each region decides its redistribution policy. The
requirement that the allocations be second-best is akin to subgame perfection. It rules out situations where a region makes
non-credible redistribution promises in order to attract skilled workers.

Definition 7. A credible policy equilibrium is an equilibrium given policies ftrgr2R such that for every r 2 R allocation xr is
second best given fnr

1,nr
2g.

The restriction to credible redistribution policies prevents a ‘‘race to the bottom’’ where regions keep undercutting each
others’ taxes to attract skilled workers. Since allocations in a credible policy equilibrium are second-best, Proposition 3
implies a positive tax and, indeed, as much redistribution as is allowed by the informational constraint.

There will typically be multiple credible policy equilibria. This follows from Proposition 4: the welfare of mobile
(skilled) workers implied by second-best allocations is increasing in the skilled-unskilled ratio. To see this consider a
symmetric two-region world with relatively low mobility costs. Clearly, there is a credible policy equilibrium where both
regions feature the same second-best allocation. In this case, there is no migration since skilled workers get exactly the
same utility in both regions. Yet other credible policy equilibria are possible. Say some skilled workers move from one
region to the other. The region receiving the inflows experiences an increase in its skilled–unskilled ratio. As a result,
(skilled) utility increases in that region, which validates individual migration choices. The process continues until,
eventually, migration costs become high enough so as to eliminate the incentive to migrate. At equilibrium the two regions
differ in their workforce composition and redistribution levels. The region receiving skilled inflows ends up with higher
welfare for all its residents, a lower skilled–unskilled wage ratio, and a lower lump-sum tax on skilled workers.

We argue that the no-flows equilibrium is unstable when migration costs are low. In order to refine our equilibrium
concept, we introduce a definition of local stability. Loosely speaking, imagine a small measure of skilled workers
accidentally moving to another region. A candidate equilibrium worker allocation will be stable if the displaced individuals
end up regretting the move, that is, if their increase in utility is lower than the mobility cost they incur.

Definition 8. A credible policy equilibrium fx,n,d,tg is locally stable if, for any pair of regions r,r0 2 R, there exists e40
such that for all e 2 ð0,eÞ,

Uð ~xr0

2 Þ�Uð ~xr
2Þrmðdðr,r0ÞþeÞ, ð19Þ

where bundles ~xr and ~xr0 are second-best given ðnr
1,nr

2�eer
2Þ and ðnr0

1 ,nr0

2 þeer
2Þ, respectively.

5.1. Symmetry-breaking

Under low mobility costs, stable credible policy equilibria are symmetry-breaking, that is, regions with identical
fundamentals necessarily end up with different allocations.9

Proposition 7. Consider R identical regions, that is, er
1 ¼ er0

1 , er
2 ¼ er0

2 , Fr ¼ Fr0 for all r,r0 2 R. For mobility costs small enough, the

symmetric distribution of workers, nr ¼ nr0 for all r,r0 2 R, is not a locally stable credible policy equilibrium.

Proof. In the Appendix.

Going back to our symmetric two-region example, the migration of a small measure of workers would raise welfare in
their destination region. If the welfare gain is larger than the mobility cost, then the symmetric equilibrium is not stable
and one of the two regions will necessarily feature a higher skill ratio and a higher level of utility. The next section provides
an example illustrating this result.

The set of equilibria in our model is essentially the same as in other models with agglomeration forces—see Abdel-
Rahman and Fujita (1990) and Duranton and Puga (2004). Typically, in the case of two regions, there are three equilibria:
one interior and two corner equilibria. The former is usually dismissed because it is not robust to small perturbations in the
number of (skilled) workers in each region. Consequently, attention is focused on the two corner equilibria, characterized
by an agglomeration of skilled workers (or, more generally, economic activity) in one or the other region.

Ellison and Fudenberg (2003) study a more general class of models that feature agglomeration forces as well as
heterogeneous agents that are complementary in production. They show that the latter feature introduces a ‘‘competition
effect’’ that may generate a plateau of interior, stable equilibria.10 In our model, only skilled workers are geographically
mobile, which rules out the multiplicity of interior, stable equilibria. However, we conjecture that if unskilled workers
were also highly mobile then a plateau of interior equilibria might arise here as well.11

9 Obviously, with high enough mobility costs, the unique equilibrium is symmetric and there is no migration.
10 They illustrate this point in the context of the model in Krugman (1991).
11 Multiple equilibria are also pervasive in models where the spatial configuration of cities is endogenous as in Fujita et al. (1999), although the

nature of multiplicity is very different from here, where there is a fixed number of regions.
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5.2. Amplification of differences

In a stable credible policy equilibrium allocations will differ across (ex ante identical) regions. However, we do not
know which regions will gain and which ones will lose from worker mobility. This is obvious in the case of identical
regions but even when the environment is asymmetric our definition of local stability leaves the door open to equilibrium
indeterminacy.

We present an equilibrium selection based on a simple tâtonnement argument. Imagine there are just two regions, A

and B, with the same initial labor endowments. Region A has a technological advantage such that, in autarky, skilled
workers are strictly better off than in region B. In this situation there are two locally stable equilibria. In one equilibrium
region A gains some skilled workers; in the other, region B gains enough skilled workers to overcome its technological
disadvantage. One can think of the tâtonnement refinement as follows: the equilibrium must be achieved by specifying a
sequence of arbitrarily small sets of workers; for each set in the sequence, workers always move to the region with higher
welfare at that point. The equilibrium which flows from A to B can be reached no matter how small the groups are. In
contrast, the second equilibrium requires that a large group moves to the region with lower ex-ante welfare, region B, in
order to turn around the welfare ranking of regions. We find this equilibrium selection intuitively appealing. In essence, we
are ruling out the possibility of large-scale coordination among workers in choosing their location. We note that there is a
role for public intervention in determining which equilibrium ends up taking place. For instance, the government could act
as a coordination device or could even subsidize the migration costs of a subset of workers.

Let us now formalize this idea. In essence, an equilibrium will be admissible if one can construct a sequence of worker
distributions and second-best allocations converging to it where no skilled worker ever moves toward a region with lower
welfare.

Definition 9. A credible policy equilibrium fx,n,d,tg is admissible if there exists a sequence of feasible worker
distributions, allocations and migration flows fnj,xj,djþ1g

1
j ¼ 0 such that

1. Allocations xj are second best given nj for all jZ0.
2. Migration flows satisfy

Uðxr
j ÞrUðxr0

j Þ ð20Þ

if djþ1ðr,r0Þ40 for all pairs r,r0 2 R and all jZ0.
3. The worker distribution satisfies

nr
2j ¼ er

2 1�
1

N�1

X
r02R

djðr,r0Þ

 !
þ
X
r02R

djðr
0,rÞ

N�1
er0

2 ð21Þ

for jZ0 with n0
r =e0

r for all r 2 R.
4. Allocations converge to x with jnj�njþ1joe for some arbitrarily small e40.

Equipped with the admissibility refinement, we can now state the second key property of the model: admissible
equilibrium outcomes always amplify initial differences in primitives. Following up on our previous example, in the only
admissible equilibrium high-TFP region A increases its skill ratio at the expense of region B. The initial welfare gap between
the two regions is exacerbated by the inflows of skilled workers from the low to the high-TFP region. The next Proposition
formalizes this idea in a two-region setup.

Proposition 8. Consider two regions R={A,B} with

Uð ~xA
2Þ4Uð ~xB

2Þ, ð22Þ

where ~xr
2 is the bundle for skilled workers in the second-best allocation given labor endowments (e1

r ,e2
r ). Any admissible

equilibrium fx,n,d,tg features

UðxA
2Þ�UðxB

2ÞZUð ~xA
2Þ�Uð ~xB

2Þ, ð23Þ

with strict inequality if naðeA
1 ,eA

2 ,eB
1,eB

2Þ.

Proof. In the Appendix.

In a generic economy with R economies, not every pair of regions will necessarily diverge in welfare terms. It can be
shown, though, that the welfare differences between the top and bottom regions will increase.

Observe that when regions only differ in their technologies, worker mobility improves overall production efficiency;
workers flow to the region with superior technology, amplifying cross-region differences. When regions only differ in their
labor endowments, (skilled) workers flow away from the region where they are scarce. In this case, worker mobility
widens the gap between the marginal products of skilled labor in the two regions. We return to this point in the
Conclusions, where we discuss welfare implications. We also note that our finding of amplification of differences is
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reminiscent of Cai and Treisman (2005), in the context of capital mobility. However, in their economy there is divergence
only when initial asymmetries are large enough. In contrast, endogenous policy induces symmetry-breaking in our
environment.

Throughout we have assumed that only skilled workers are geographically mobile. We note that the results on
symmetry-breaking and welfare divergence can be generalized to a setup where unskilled workers are also mobile, as long
as labor flows are skill-biased, that is to say, as long as skilled workers are overrepresented in migration flows (Armenter
and Ortega, 2010).12

6. A two-region example

We present here a two-region economy R={1,2} that illustrates the main results of the paper. First, we consider how
allocations and taxes vary with the skill ratio. Then we solve numerically for credible redistribution policy equilibria.

6.1. Specification

Let us assume separable log utility:

Uðc,lÞ ¼ logðcÞþclogð1�lÞ ð24Þ

for c40. Preferences are assumed to be identical across regions. The production function is CES:

Frðl1,l2Þ ¼ yr
½ð1�arÞlr1þa

rlr2 �
1=r, ð25Þ

with r 2 ð0,1Þ, ar 2 ð0,1Þ and yr 40. We consider two dimensions of heterogeneity across regions: differences in overall
labor productivity, yr , and in the relative demand for skilled labor, ar . Our baseline economy features symmetric regions,
with yr

¼ 1, ar ¼ 0:44, and r¼ 0:4.13

Throughout the exercise, we assume that both regions are endowed with one unit of unskilled workers: e1
1 ¼ e2

1 ¼ 1. We
assume that mobility costs are drawn from a Pareto distribution. In that case the mobility cost function is then given by

mðdÞ ¼ ð1�dÞ�k
�1, ð26Þ

with k40.

6.2. Allocations in a closed economy

We first compute second-best allocations as a function of the skill ratio Z¼ n2=n1. We also take a look at the
corresponding decentralization as a competitive equilibrium. These comparative statics are at the core of the mechanics of
our endogenous policy equilibrium.

Fig. 1 plots the second-best allocation as a function of the skilled–unskilled ratio. Respectively, in the first two graphs
the solid line corresponds to unskilled worker’s consumption and labor supply, the dashed line are the analogous variables
for skilled workers. As stated in Proposition 3, skilled workers consume and work more than unskilled workers. As the
skilled–unskilled ratio increases, skilled labor becomes less scarce and the gap between the bundles for the two types of
workers narrows. The third graph plots the wage rates. We note that there is a positive skill wage premium and the
premium is decreasing in the skilled–unskilled ratio.

We point out that, following an inflow of skilled workers and keeping constant the tax on the income from skilled tasks,
the combination of the fall in skilled labor supply and the fall in the wage rate would lead to a steep reduction in the
consumption and utility of skilled workers. However, Proposition 4 makes clear that skilled worker’s welfare is increasing

in the skilled–unskilled ratio. This can be seen in the first graph in Fig. 1, which reveals that skilled consumption in second-
best allocations is an increasing function of the skilled–unskilled ratio despite the decreasing pre-tax labor income for
skilled workers.14

The second row of graphs in Fig. 1 displays output per worker, the tax rate on workers performing skilled tasks, and
transfers per recipient (that is, individuals in unskilled jobs). Output per worker increases in the skilled–unskilled ratio.
Both taxes and transfers decrease with the skill ratio: as the wage gap disappears, so does the demand for tax-based
redistribution. We also note that the schedule for the transfer per recipient is flatter than the one for the tax rate, reflecting
the increase in the tax base as the skilled–unskilled ratio increases.

12 If we assume instead that only unskilled workers are mobile several features of our equilibrium are overturned. In the case of identical regions, the

symmetric equilibrium is now locally stable: any small migration by unskilled workers would lead to a reduction in the destination region skilled–

unskilled ratio. As a result, these individuals would regret the move, even if migration costs were zero. In a world with asymmetric regions, workers still

flow to the region with higher utility at autarky. But now migration flows tend to reduce interregional differences in income and utility.
13 These parameter values are based on the calibration in Armenter and Ortega (2010) using data for US states.
14 Whether skilled worker consumption actually increases depends on parameters. It is always the case that skilled workers increase their leisure as

the skilled–unskilled ratio increases. If leisure is heavily weighted in the preferences, it is possible that consumption actually falls.
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6.3. Credible policy equilibrium

We start by computing the equilibrium in the symmetric case, F1=F2 and e1
2 ¼ e2

2 ¼ 0:5. This will illustrate the
symmetry-breaking property of credible policy equilibria with low mobility costs. Fig. 2 introduces a useful diagram in the
case of two regions. In the horizontal axis we have the skilled–unskilled ratio of region 1, Z1 ¼ n1

2=n1
1. If no workers move,

the skilled–unskilled ratio in both regions is equal to 0.5 and it is indicated with a vertical dotted line. If the skilled-
unskilled ratio in region 1 increases, the skilled–unskilled ratio for region 2 falls. The equilibrium mobility condition
implies that Z2 ¼ 1�Z1. The solid line computes the difference in welfare between the two regions at each given skilled–
unskilled ratio

DUðZ1Þ ¼U1ðcðZ1Þ,lðZ1ÞÞ�U2ðcð1�Z1Þ,lð1�Z1ÞÞ: ð27Þ

This is an increasing function of Z1, as welfare in region 1 increases with the skilled–unskilled ratio in the region. The
function takes value 0 at Z1 ¼ 0:5 because of the symmetry of the two regions.

The dashed line is the cost of migration of the marginal migrant at each given skilled–unskilled ratio Z1. We express the
mobility cost in terms of the welfare in region 2, so we use negative numbers when the workers in region A are incurring in
the mobility costs. In other words, the mobility equilibrium condition is satisfied when the solid and dashed lines cross,
DUðZ1Þ ¼ mðZ1�0:5Þ.

Fig. 2 depicts the case of high mobility costs. Note that the only equilibrium involves zero flows as welfare differences
are not enough to compensate for mobility costs at any skill ratio. Fig. 3 displays the economy with low mobility costs.
Now the solid and dashed lines intersect at three points. First, there is an equilibrium, indicated by letter A, with zero
flows: the two regions are ex-ante identical so there are no gains from migration even for individuals with zero mobility
costs. However, there are two additional equilibria, B and B0.15 In these equilibria skilled workers migrate up to the point
where the utility gain equates the mobility cost of the marginal migrant. In these two equilibria the two regions display
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Fig. 1. Second best allocation and competitive equilibrium decentralization.

15 Equilibrium B and B
0

are symmetric: Z1
B ¼ Z2

B0 .
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different utility levels despite being ex-ante identical. It is easy to see in Fig. 3 why the symmetric equilibrium is not locally
stable. Any small deviation in the skilled–unskilled ratio Z1 would make it profitable to move into one region or the other,
eventually converging to one of the asymmetric equilibria, B or B

0

.
Let us now illustrate the divergence result. Suppose region 1 has superior technology, that is, let y14y2. Clearly, this

implies higher labor productivity in region 1 for both types at each skilled–unskilled ratio. Fig. 4 illustrates this example,
using y1

¼ 1:01y2. First, we note that there is no equilibrium with zero migration flows since region 1 delivers strictly
higher welfare than region 2: DUð0:5Þ40. Hence, skilled workers wish to move and some of them have low enough
migration costs to make migration profitable. Now the only credible policy equilibrium features skilled migration from
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Fig. 2. Two region equilibria: symmetric regions with high mobility costs.
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Fig. 3. Two region equilibria: symmetric regions with low mobility costs.
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region 2 to region 1, which widens the utility gap between the two regions. There is no guarantee, though, that the
asymmetry leads to a unique equilibrium. Fig. 5 shows an economy with technology differences featuring three
equilibria.16 Equilibrium B is locally unstable, but both equilibria A and C are locally stable. However, equilibrium A is
intuitively more appealing: region 1, which had a technological advantage at equal skill ratios attracts workers.
Equilibrium C requires that a large mass of workers decide to migrate to region 2 despite its lower ex-ante welfare. Our
equilibrium stability refinement selects equilibrium A.

The agglomeration mechanism is highlighted when regions differ only in the skill composition of the initial population.
We assume region 1 is endowed with more skilled workers than region 2, e2

1 ¼ 0:554e2
2 ¼ 0:45, and assume that

technologies are identical in the two regions (F1=F2). This economy is depicted in Fig. 6. We have shifted the axis to cross at
(0.55,0), the point of zero migration flows, which is no longer an equilibrium. Because of the ex-ante advantage of a higher
skilled–unskilled ratio, the only credible policy equilibrium leads to higher welfare in region 1 at the expense of region 2. In
other words, skilled workers flow to region 1 despite (i) skilled labor being initially more abundant in this region, (ii) the
lack of regional differences in technology, and (iii) constant returns to scale in production. Clearly, it is the endogeneity of
income redistribution policies that drives skill agglomeration here.17

6.4. Is tax competition good for welfare?

We briefly discuss the welfare consequences of tax competition among regional governments. As a benchmark we
compare our equilibrium, which involves regionally decentralized redistribution policies, to an alternative scenario where
a federal government chooses a common redistribution policy that applies throughout the federation. The federal
government faces a federation-wide budget constraint. The degree of worker mobility, and all other primitives are identical
in both scenarios.18 For simplicity we assume that there is no room for regional authorities to top off or undo the federal
policy.

Formally, the federal government policy is a lump sum tax t set to maximize aggregate welfareX
r2R
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1Uðxr

1Þþnr
2Uðxr

2Þ
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Fig. 4. Two region equilibria: technology differences y1 4y2.

16 To be more precise, we let y1
¼ 1:01y2 as in the previous example. We set a1 ¼ 0:43oa2 ¼ 0:44 which ensures that two equilibria are stable.

17 We also note that there is partial sorting of individuals by income/skills across regions. When migration costs are low, poor/unskilled workers

(who benefit from redistribution) agglomerate in a region and rich/skilled workers (who bear the burden or redistribution) agglomerate in the other. Note

also that redistributive taxation on skilled jobs is higher in the region where unskilled workers agglomerate. This is reminiscent of the sorting in Tiebout

(1956), as pointed out by a referee.
18 We note that if the federal government is allowed to set a different policy for each region, a centralized tax authority can always improve upon the

decentralized outcome. However, that is not a realistic scenario since it requires discriminating among individuals performing the same task according to

their region of residence.
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subject to the incentive-compatibility constraint (IC) in each region and an aggregate feasibility constraintX
r2R

nr
1cr

1þnr
2cr

2r
X
r2R

Frðnr
1lr1,nr

2lr2Þ:

As the regional governments, the federal government takes as given the workers’ mobility decisions. However, the federal
government can transfer income across regions.

The welfare implications of tax centralization are generally ambiguous in our setting. Let us sketch the main trade-off
implicit in policy decentralization. First, the centralized tax authority can redistribute income across regions, and thus can
ease regional inequalities. Note that this will generally reduce the overall worker mobility. Consider the case of two regions
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Fig. 5. Two region equilibria: technology differences y1 4y2 ,a1 oa2.
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with identical labor endowments and identical technologies. As argued earlier, the decentralized equilibrium with credible
policies leads to symmetry-breaking. The resulting regional inequality in utility levels is a source of inefficiency. A
centralized tax authority would undo some of this regional inequality. Whatever region ends up with more skilled workers
would provide a net transfer to the region with less skilled workers. Depending on the mobility parameters, the symmetric
equilibrium may be stable under a centralized tax authority but not under decentralized redistribution.

The downside of tax centralization, though, is that it imposes the same amount of within-region redistribution
everywhere. Consider the case where the two regions differ only in their labor endowments. In particular, region A has a
balanced skill distribution while in region B skilled workers are severely scarce. The agents with the highest and lowest
pre-tax labor income are the skilled and unskilled workers in region B, respectively. However, a high tax would lead skilled
workers in region A to switch to unskilled tasks—in other words, the incentive compatibility constraint in region A binds
the redistribution in region B. As a result, skilled workers in region B would be taxed less than in the decentralized
economy, and thus unskilled workers in region B receive a smaller transfer as well. If the composition differences are large
enough, the centralized outcome delivers lower social welfare than the decentralized allocation.19

The net welfare effect of tax centralization will depend on the particular parameters of the economy. The previous
discussion suggests that the more similar are the regions ex-ante, the more likely it is that tax centralization is beneficial.20

7. Conclusions

We conclude with a prediction of our theory that may be relevant in the context of the European integration process.
Europe has taken bold steps toward liberalizing labor mobility in the last few decades. However, coordination of fiscal
policies remains largely at the discretion of national governments and their electorate. Indeed, as of today, the size of the
national welfare states differs widely across the European Union. An important question is whether integration will have
an effect on the degree of income redistribution undertaken by each member state. It is often argued that increased labor
mobility will eventually lead to a race to the bottom in redistribution levels, in the sense of dramatic downward
convergence. As the argument goes, skill-scarce regions will sharply reduce income taxation in order to attract qualified
workers. The remaining regions will then be forced to respond by reducing taxation themselves to avoid a damaging brain
drain. Eventually, income redistribution will be reduced to its minimum everywhere, and no region will succeed in
attracting skilled workers.

An implication of our analysis is that these aggressive cuts in redistribution policies are not credible: once workers have
incurred the cost of relocation, governments would have a strong incentive to renege on their promises. Recognizing the
constraints imposed by credibility, we think that a race to the bottom in national-level redistribution policies is unlikely.
Indeed it is possible that, over time, we observe a process of skill agglomeration and a widening of the dispersion in the size
of national welfare states across the European Union. Of course, policy divergence and skill agglomeration are not granted,
as they depend on parameters. We hope the framework laid out here provides the basis for careful quantitative studies
addressing this important question.

Appendix A. Proofs

Proof of Lemma 1. Assume x is a first best allocation with Uðc1,l1ÞrUðc2,l2Þ. Consider first the case l24 l1. Then
Uðc1,l1ÞrUðc2,l2Þ implies c24c1. Using the properties of U,

Ucðc1,l1Þ4Ucðc2,l1ÞZUcðc2,l2Þ ð28Þ

so x does not satisfy the necessary first order conditions for first best allocations.

Consider now the case l1= l2. Necessary first order conditions Ucðc1,l1Þ ¼ l and Ucðc2,l2Þ ¼ l imply c1=c2. But since

F1ð1,ZÞoF2ð1,ZÞ, necessary first order conditions also require �Ulðc1,l1Þ=Ucðc1,l1Þo�Ulðc2,l2Þ=Ucðc2,l2Þ. Hence x is not first

best.

Finally, consider the case l14 l2. Concavity implies that

1

1þZUðx1Þþ
Z

1þZUðx2ÞrU
1

1þZ x1þ
Z

1þZ x2

� �
: ð29Þ

Next we show that allocation ~x, given by

~x1 ¼ ~x2 ¼
1

1þZ
x1þ

Z
1þZ

x2 ð30Þ

satisfies (RC) with a strict inequality sign. By construction, c1þZc2 ¼ ~c1þZ~c2. On the production side, we have that l1o l2

19 For the specification and parameters detailed in Section 6.1, setting e1
2 ¼ 0:5 and e2

2 ¼ 0:55 rendered the decentralized tax system preferable.
20 Numerical examples indicate that how different the regions can be before tax decentralization becomes welfare superior depends on the mobility

parameters and as well as whether the differences arise from technology or initial endowments. Unfortunately, there are no simple parameter conditions

that would allow us to rank unequivocally tax centralization above tax decentralization.
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implies

F 1,Zl2
l1

� �

1þZl2
l1

o
Fð1,ZÞ
1þZ ð31Þ

for ZoZ (to see this, differentiate Fð1,ZÞ with respect to Z). We can then rearrange

F 1,Z l2
l1

� �
oFð1,ZÞ

1þZl2
l1

1þZ
ð32Þ

and multiplying both sides by l1,

Fðl1,Zl2ÞoFð1,ZÞ l1þZl2
1þZ ¼ Fð~l1,Z~l2Þ: ð33Þ

Therefore,

~c1þZ~c2 ¼ c1þZc2 ¼ Fðl1,Zl2ÞoFð~l1,Z~l2Þ: ð34Þ

Summarizing, allocation ~x is at least as good as x and satisfies the (RC) with a strict inequality sign. Hence x cannot be first

best allocation. &

Proof of Proposition 3. We first prove part 1. Assume that second best allocation x has

F1 1,Z l2
l1

� �
ZF2 1,Z l2

l1

� �
: ð35Þ

The properties of F and ZoZ, imply l24 l1. The incentive compatibility constraint implies then that c24c1. Strict concavity
of U implies that if c24c1, l24 l1, then �Ulðc2,l2Þ=Ucðc2,l2Þ4�Ulðc1,l1Þ=Ucðc1,l1Þ. But then x is incompatible with the
necessary first order conditions of problem (SBP) since MRS24MRS1 implies that F24F1, contradicting our initial
hypothesis.

Now we prove the second part. By first order conditions for second best allocation, MRSðc2,l2Þ4MRSðc1,l1Þ. Since

Uðc1,l1Þ ¼Uðc2,l2Þ and indifference curves are strictly convex, we have that ðc2,l2Þb ðc1,l1Þ.

To prove that for any ZrZ second best allocations x satisfy c2oF2ðl1,Zl2Þ consider the set A¼ fðc,lÞ : crF2ðl1,Zl2Þ

ðl�l2Þþc2g. Since MRSðc2,l2Þ ¼ F2ðl1,Zl2Þ and preferences are strictly concave, for any ðc,lÞ 2 A, Uðc,lÞrUðc2,l2Þ, with equality

sign iff c=c2 and l= l2. Therefore ðc1,l1Þ=2A since the incentive compatibility constraint is binding and l1al2. This implies

c14c2þF2ðl1,Zl2Þðl1�l2Þ ð36Þ

and since

F1ðl1,Zl2ÞoF2ðl1,Zl2Þ,

c1�F1ðl1,Zl2Þl14c2�F2ðl1,Zl2Þl2: ð37Þ

Using constant returns to scale, the resource constraint can be written as

ðc1�F1ðl1,Zl2Þl1ÞþZðc2�F2ðl1,Zl2Þl2Þ ¼ 0 ð38Þ

therefore c2oF2ðl1,Zl2Þl2. &

Proof of Proposition 4. We show that second best allocation x is feasible at Z0. Note that

Fðl1,Z0l2Þ�Fðl1,Zl2Þ ¼ F2ðl1,Ẑl2Þl2ðZ0�ZÞ, ð39Þ

where Ẑ 2 ½Z,Z0� by the Taylor theorem. Using the concavity of F,

Fðl1,Z0l2Þ�Fðl1,Zl2Þ4F2ðl1,Z0l2Þl2ðZ0�ZÞ: ð40Þ

Since the resource constraint is binding

Fðl1,Z0l2Þ�c1�Zc24F2ðl1,Z0l2Þl2ðZ0�ZÞ ð41Þ

or

Fðl1,Z0l2Þ�c1�Z0c24ðF2ðl1,Z0l2Þl2�c2ÞðZ0�ZÞ: ð42Þ

Since we proved that F2ðl1,Zl2Þl2�c240 in Proposition 3 for all Z, we can pick an arbitrarily close Z0 without loss of
generality such that F2ðl1,Z0l2Þl2�c240. Then allocation x satisfies the resource constraint with strict inequality sign when
the skill ratio is Z0.
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By continuity, there exists ĉ24c2 such that Fðl1,Z0l2Þ4c1þZ0ĉ2. It is clear then that x̂ ¼ fc1,ĉ2,l1,l2g is feasible and

incentive compatible with Uðc1,l1ÞþZUðc2,l2ÞoUðc1,l1ÞþZUðĉ2,l2Þ. Since allocations x0 cannot do worse than x̂, and the

incentive constraint is binding for Z0, the result follows. &

Proof of Lemma 5. The sufficient conditions for a competitive equilibrium allocation are

MRSðc1,l1Þ ¼ F1ðl1,Zl2Þ,

MRSðc2,l2Þ ¼ F2ðl1,Zl2Þ,

c1þZc2 ¼ Fðl1,Zl2Þ,

c2 ¼ F2ðl2,Zl2Þl2�t:

It is trivial to show that there exists t such that competitive equilibrium allocations satisfy Uðc1,l1Þ ¼Uðc2,l2Þ. The
proposition follows from the sufficiency of first-order conditions. &

Proof of Proposition 6. Assume there exists two equilibria given the set of feasible policies ftrgr2R, denoted fx,n,dg and
f ~x, ~n, ~dg, with distinct worker distributions. Let R1 ¼ fr : ~n

r
24nr

2g and R2 ¼ fr : ~n
r
2onr

2g. Since n and ~n are distinct feasible
worker distributions, both sets are non-empty. From the definition of competitive equilibrium given tr is clear that the
skilled worker welfare is strictly decreasing in Zr and therefore in n2

r . Therefore, for all r 2 R1, Uð ~xr
2ÞoUðxr

2Þ and for r 2 R2,
Uð ~xr

2Þ4Uðxr
2Þ.

Take any pair fr,r0g with r 2 R1 and r0 2 R2. Hence

Uð ~xr0

2 Þ�Uðxr0

2 Þ4Uð ~xr
2Þ�Uðxr

2Þ ð43Þ

and

Uð ~xr0

2 Þ�Uð ~xr
2Þ4Uðxr0

2 Þ�Uðxr
2Þ: ð44Þ

If dðr,r0Þ40, the mobility equilibrium conditions imply ~dðr,r0Þ4dðr,r0Þ, since

mð ~dðr,r0ÞÞ ¼Uð ~xr0

2 Þ�Uð ~xr
2Þ4Uðxr0

2 Þ�Uðxr
2Þ ¼ mðdðr,r0ÞÞ ð45Þ

and m is strictly increasing. Conversely, if dðr0,rÞ40,

Uð ~xr
2Þ�Uð ~xr0

2 ÞoUðxr
2Þ�Uðxr0

2 Þ,

Uð ~xr
2Þ�Uð ~xr0

2 Þomðdðr0,rÞÞ,

mð ~dðr0,rÞÞrmðdðr0,rÞÞ

and hence ~dðr0,rÞrdðr0,rÞ (the equality comes because Uð ~xr
2Þ�Uð ~xr0

2 Þ can be negative). Finally, if dðr0,rÞ ¼ dðr,r0Þ ¼ 0, then

Uð ~xr0

2 Þ�Uð ~xr
2Þ40 so ~dðr,r0Þ40.

Add up all skilled workers in set R1 for equilibrium ~d and ~n,

X
r2R1

~nr
2 ¼

X
r2R1

er
2 1�

1

N�1

X
r02R

~dðr,r0Þ

 !
þ
X
r02R

~dðr0,rÞ
N�1

er0

2

( )
: ð46Þ

Note that flows within set R1 must sum zero,

X
r2R1

X
r02R1

~dðr0,rÞ
N�1

er0

2�
1

N�1
er

2

X
r02R1

~dðr,r0Þ

 !( )
¼ 0: ð47Þ

Hence

X
r2R1

~nr
2 ¼

X
r2R1

er
2 1�

1

N�1

X
r02R2

~dðr,r0Þ

 !
þ
X
r02R2

~dðr0,rÞ
N�1

er0

2

( )
: ð48Þ

Now we use the inequalities derived above. We have ~dðr,r0ÞZdðr,r0Þ for r 2 R1 and r0 2 R2, so

X
r2R1

~nr
2r

X
r2R1

er
2 1�

1

N�1

X
r02R2

dðr,r0Þ

 !
þ
X
r02R2

~dðr0,rÞ
N�1

er0

2

( )
: ð49Þ
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We have ~dðr0,rÞrdðr0,rÞ for r 2 R1 and r0 2 R2,

X
r2R1

~nr
2r

X
r2R1

er
2 1�

1

N�1

X
r02R2

dðr,r0Þ

 !
þ
X
r02R2

dðr0,rÞ
N�1

er0

2

( )
¼
X
r2R1

nr
2:

But ~nr
24nr

2 for all r 2 R1. &

Proof of Proposition 7. It is trivial to show that there is a credible policy equilibrium with a symmetric workers’
distribution. We have shown that second-best allocations are a differentiable function of the skill ratio, xrðZrÞ. Proposition 4
makes clear that the skilled worker welfare is increasing in Zr . Therefore,

@UðxrðZrÞÞ

@nr
2

40: ð50Þ

For an arbitrarily small e40 we can then conclude that

Uð ~xr0

2 Þ�Uð ~xr
2Þ40 ð51Þ

for allocations ~xr and ~xr0 that are second-best given ðnr
1,nr

2�eer
2Þ and ðnr0

1 ,nr0

2 þeer
2Þ, respectively. The mobility costs at d¼ e

are mðeÞ which can be made arbitrarily close to zero as D0ðeÞ is arbitrarily close to zero as well. Hence there exists D such
that

Uð ~xr0

2 Þ�Uð ~xr
2Þ4mðeÞ ð52Þ

and therefore the symmetric workers’ distribution cannot constitute a locally stable equilibrium. &

Proof of Proposition 8. Since Uð ~xA
2Þ4Uð ~xB

2Þ, any sequence leading to an admissible equilibrium will need to feature region
A gaining skilled workers. Hence welfare in region A will be strictly higher than Uð ~xA

2Þ and in region B will be strictly lower
than Uð ~xB

2Þ. The result follows. &
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